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To broaden the application of magnesium oxychloride cement (MOC) in thermal insulation materials, lightly burned 
magnesia powder and magnesium chloride hexahydrate were used as the main raw materials of cement and a chemical 
foaming method was used to prepare a magnesium oxychloride cement foam concrete (MOCFC) with fast hardness and 
early strength. By changing the molar ratio (M) of the MOCFC and adding different dosages of hydrogen peroxide (H2O2), 
fly ash (FA), potassium dihydrogen phosphate (KDP) and other admixtures, while measuring and observing the compressive 
strength and flexural strength at 3, 7, and 28 days, the thermal conductivity, dry apparent density, volume water absorption, 
softening coefficient, and other parameters, combined with its hydration phase composition and microscopic appearance, the 
effect of the molar ratio and the admixtures on the properties of MOCFC were studied. The results show that with an increase 
in the molar ratio and the dosage of H2O2, FA and KDP, the internal pore structure of the slurry changes significantly, which 
affects its mechanical properties, water resistance, and thermal insulation performance.

INTRODUCTION

 Foamed concrete is also known as foamed cement, 
lightweight concrete. Air, nitrogen, carbon dioxide or 
oxygen is introduced into cement-based materials such 
as mortar and cement paste by physical or chemical 
foaming. After forming and curing, the foamed concrete 
contains a large number of closed pores and has a 
certain strength. Therefore, foamed concrete has the 
characteristics of having a low density, being lightweight, 
having heat preservation, providing sound insulation, 
and being earthquake resistance, it is widely used in the 
production of lightweight insulation panels, composite 
wall panels, etc.
 MOC is a new type of material, which is an im-
portant inorganic gelling system composed of MgO– 
–MgCl2–H2O [1-2]. Compared with silicate cementi-
tious materials, it has a series of advantages such as 
having excellent mechanical properties, being fast 
setting, being refractory and lightweight [3-4], foamed 
concrete made of MOC has better mechanical properties 
and thermal insulation properties than silicate foam 
material. However, MOC has some major disadvantages, 
such as having poor water resistance, large strength loss 
or even disintegrating after water absorption, which 
restrict its engineering applications [5].
	 According	 to	 the	 influence	of	 the	water-binder	 ra-
tio (w/b) on the performance of the foamed concrete, 
studies have shown that the w/b is an important factor 
affecting	the	performance	of	the	foamed	concrete	[6-10].	

For	example,	Jiang	et	al	 studied	the	effect	of	the	w/b	on	
the pore structure of high porosity foam concrete, and 
found that when the w/b < 0.8, the pores are small, the 
shape is irregular, and the connectivity is strong; when 
the w/b > 0.8, at the time, the pores are round and swell, 
with an enlarged range of the pore size distribution 
[11].	Yang	and	Lee	studied	the	effect	of	the	w/b	on	the	
performance of foam concrete. As the w/b increases, the 
number	of	fine	pores	decreases,	and	the	number	of	large	
pores increases, which results in the high porosity of the 
foamed concrete, resulting in a low strength [12-13]. 
According to the research, foam concrete has excellent 
thermal insulation performance. The typical thermal con- 
ductivity	 is	 between	 0.23	 and	 0.42	W∙m-1∙K-1 at a dry 
apparent	density	of	1000	to	1200	kg∙m-3, but the thermal 
conductivity still does not meet the demand [14]. There-
fore, many scholars have used H2O2 as a foaming agent 
to study the chemical foaming method to prepare the 
foamed concrete and to measure its thermal properties 
and other properties. For example, Dai et al [15] found, 
in their study, that with an increase in the dosage of 
H2O2, when more micro-bubbles are produced by the 
high-speed foam production, more micro-closed bubbles 
are produced in cement slurry also, so the volume of the 
foamed concrete increases and its dry apparent density 
decreases. At the same time, with an increase in the H2O2 

dosage, the amount of closed bubbles formed in cement 
slurry is large, thus the net pressure surface per unit area 
within the compression surface is small, the compressive 
strength is reduced, and the water absorption rate is 
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increased, so the dosage of H2O2 should be limited. Of 
course, manganese dioxide is indispensable as a catalyst 
for hydrogen peroxide. The manganese dioxide content 
directly	affects	the	foaming	rate	of	H2O2, which, in turn, 
affects	the	porosity.	FA	is	used	as	an	additive	in	foamed	
concrete. On one hand, FA can be used as a substitute for 
cement to reduce the production costs, on the other hand, 
FA can reduce slurry porosity, increase compactness, 
enhance the consistency of the mixture, and improve 
the long-term strength of the foamed concrete [16-19]. 
For	example,	E.P.	Kearsley	studied	the	effects	of	using	
graded FA and ungraded FA to replace a large amount 
of cement (up to 75 % by weight) on the properties of 
foamed concrete [20]. The results show that the use of 
a large amount of FA reduces the strength growth rate of 
the foamed concrete, but it can replace up to 67 % of the 
cement in the case where the long-term strength is not 
significantly	reduced.	EP	Kearsley	studied	the	effects	of	
the porosity on the strength properties of foam concrete 
by	adding	different	types	and	different	amounts	of	FA.	It	
was found that the strength of the foam concrete is related 
to its porosity and age, but did not show any correlation 
with the amount and type of FA [21].	KDP	is	added	to	
foamed	concrete	as	a	modifier	and	 reacts	with	Mg2+ in 
the MOC slurry, forming a dense and insoluble complex 
protective	film	on	the	surface	of	the	hydration	products,	
effectively	preventing	the	hydrolysis	of	the	5·1·8	phase	
and improving the water resistance of the MOCFC [22].
 In this study, MOCFC is prepared by a chemical 
foaming	method	with	the	w/b	fixed	at	0.34.	By	changing	
the molar ratio, admixture type and dosage, we were able 
to measure the MOCFC mechanical properties, thermal 
conductivity,	volume	water	absorption,	softening	coeffi-
cient and other parameters combined with its hydration 
phase composition and microscopic appearance, to ana-
lyse	and	research	the	results,	to	study	the	effect	of	them	
on the properties of the MOCFC.

EXPERIMENTAL

Raw materials

 The magnesium oxide used in this study is light-bur-
ned	magnesia	 (LBM)	 obtained	 by	 calcining	magnesite	
from Liaoning, China at 750 - 850 °C, and the chemical 
composition	 of	 the	 LBM	 is	 as	 shown	 in	Table	 1.	 The	
activity of MgO is determined by using the standardised 
hydration method of Dong Jinmei which is 59.04 % [23]. 
The	density	of	the	LBM	is	3.58	g∙cm-3.

 The magnesium chloride (MgCl2·6H2O crystal) used 
in this study is analytically pure which was produced in 
Qinhai Xingda Chemical Co, Ltd. The content of the 
MgCl2·6H2O crystal accounts for 98 % of the total mass. 
Configure	a	mass	fraction	of	the	28.9	%	MgCl2 solution.
 The H2O2 used in this study is as a foaming agent, the 
concentration of the foaming agent is 27.5 % industrial 
grade H2O2.  
 The FA used in this study is from a power plant in 
Inner Mongolia, its chemical composition is shown in 
Table	2,	the	density	of	the	FA	is	2.15	g∙cm-3.

	 The	 KDP	 used	 in	 this	 study	 is	 analytically	 pure	
which was produced in the Tianjin Damao Chemical 
Reagent Factory.
 The MnO2 used in this study is used as a catalyst, it 
is	analytically	pure	which	was	produced	in	Tianjin	Kemi	
Europe Chemical Co, Ltd.
 The EHAA is a sodium dodecylbenzene sulfonate, 
which is produced in Shandong Shuangshuang Chemical 
Co. Ltd.

Preparation of the MOCFC

 The MOCFC preparation process by chemical foa-
ming is as follows:
●	Firstly,	the	molar	ratio	(α-MgO/MgCl2) of the MOCFC 

was determined, and the MgO, catalyst, foam sta-
biliser, admixture, and powder were mixed in using 
an	NJ-160B	cement	paste	mixer	produced	by	Tianjin	
Beichen	 Construction	 Engineering	 Test	 Instrument	
Factory	for	1	minute	at	a	speed	of	180	r∙min-1.

● Then the MgCl2∙6H2O solution was added and stirred 
for 2 minutes to ensure that the powder and solution 
were evenly mixed.

● The EHAA was added and stirred for 1 minute.
● Finally, H2O2 was added and stirred for 30 s to make 

a uniform liquid slurry.
 The slurry was poured into moulds of 100 × 100 × 
× 100 mm (type X), 40 × 40 × 160 mm (type Y), and 
300 × 300 × 40 mm (type Z), removed after curing for 
24 hours under standard conditions, cured at room tem-
perature,	 and	 then	 tested	 after	 curing	 at	 different	 ages 
(3, 7 and 28 days). Eighteen pieces of type X, six samples 
of type Y, and two test pieces of type Z were formed, 
and the MOCFC preparation process is shown in Figu- 
re 1. The raw material ratio of the test pieces is shown 
in Table 3

Table 1.  The chemical composition of the lightly-burned mag-
nesia powder.

Component MgO CaO SiO2 Al2O3 Fe2O3 CO2

Mass fraction
(wt. %) 80.20 1.30 6.07 0.15 0.41 11.87

Table	2.		The	chemical	composition	of	the	fly	ash.

Component Al2O3 SiO2 Fe2O3 CaO MgO LOI

Mass fraction
(wt. %) 40.88 42.7 3.66 2.96 0.36 5.46
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Specimen analysis

 Compressive strength: a test specimen with dimen-
sions of 100 × 100 × 100 mm was used to measure 
the strength according to JC/T 1062-2007 “Standard 
mechanical properties test method for foam concrete 
blocks” after 3, 7, and 28 days. 
 Flexural strength: a test piece with dimensions 40 × 
× 40 × 160 mm was measured using the tye-10c com-
pression	 and	 flexural	 testing	 machine	 after	 3,	 7,	 and	
28 days aging. Three blocks of the same ratio were 
measured and averaged. 

 Dry apparent density: according to the JG/T 266-
2011 “foam concrete” standard, three X-shaped test 
pieces	were	first	dried	using	an	electric	heating	constant	
temperature drying oven with a working temperature of 
60	(±5)	°C.	The	mass	difference	was	no	more	than	1	g	
when the samples were measured 4 h apart. The electric 
heating constant temperature drying oven was turned 
off,	and	the	test	piece	was	cooled	to	room	temperature. 
The drying quality of the sample was accurately measu-
red to 1 g, and the dry density was calculated according 
to the formula shown in Equation 1.
 Thermal conductivity: a test piece of 300 × 300 × 
×	 40	 mm,	 (refer	 to	 GB/T	 10294-2008	 “Measurement	
of steady-state thermal resistance of thermal insulation 
materials and related characteristics”) was used to mea-
sure the thermal conductivity of the Z-shaped test piece. 
Each test piece was measured three times and averaged.
 Volume water absorption rate: according to the 
JG/T 2357-2016 “Foam concrete product performance 
test method” standard, the weight of three X-type spe-
cimens were measured after drying. The specimens were 
cooled to room temperature, and water was added to a 
constant temperature water tank at 20 (±5) °C to ensure 
the liquid surface was immersed to 1/3 of the height of 
the test piece. After 24 hours, water was added to ensure 
2/3 of the height of the test piece was immersed. After 
24 more hours, water was added to exceed 30 mm of 
the test piece. The test piece was removed from the 
water after the 24-hour immersion, the surface moisture 
was wiped away, and the mass of each test piece was 
measured. The water absorption rate of the test pieces 
was then calculated. 

Table 3.  The raw material ratio of the test pieces.

 
Group

 Sample 
α-MgO/MgCl2

   Quality ratio (%)
  number  (H2O2/MgO)	 (KDP/MgO)	 (FA/MgO)	 (MnO2/MgO) (EHAA/MgO)
  M5 5.0 7.0   0.02 1.0
 

M
 M6 6.0 6.6   0.02 1.0

  M7 7.0 6.4   0.02 1.0
  M8 8.0 6.8   0.02 1.0
  0.5 % H2O2 6.0 0.5   0.02 1.0
  1 % H2O2 6.0 1.0   0.02 1.0
  2 % H2O2 6.0 2.0   0.02 1.0
  3 % H2O2 6.0 3.0   0.02 1.0
 H2O2 4 % H2O2 6.0 4.0   0.02 1.0
  5 % H2O2 6.0 5.0   0.02 1.0
  6 % H2O2 6.0 6.0   0.02 1.0
  7 % H2O2 6.0 7.0   0.02 1.0
  8 % H2O2 6.0 8.0   0.02 1.0
  0 % FA 6.0 5.0    0.0 0.02 1.0
  5 % FA 6.0 5.0    5.0 0.02 1.0
 FA 10 % FA 6.0 5.0  10.0 0.02 1.0
  15 % FA  6.0 5.0  15.0 0.02 1.0
  20 % FA 6.0 5.0  20.0 0.02 1.0
	 	 0	%	KDP	 6.0	 5.0	 0.0	 	 0.02	 1.0
 
KDP

	 0.5	%	KDP	 6.0	 5.0	 0.5	 	 0.02	 1.0
	 	 1	%	KDP	 6.0	 5.0	 1.0	 	 0.02	 1.0
	 	 1.5	%	KDP	 6.0	 5.0	 1.5	 	 0.02	 1.0

Determination of
the MgO activity

Configure the
MgCl2 solution

Preparation

Preparation of
the MOCFC by

chemical foaming

Step 1:
Add and agitate
the MgO, the catalyst, 
the foam stabiliser,
the admixtures,
and the powder

Step 2:
Add and agitate
the MgCl2–6H2O
for 2 min

Step 3:
Add and agitate
the experimental
home made anti-
cracking agent
for 1 min

Step 3:
Add and agitate
the H2O2 for 2 min

Figure 1.  Preparation of the MOCFC.
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 Softening coefficient: according to the JC/T 2357-
2016 “Test method for performance of foam concrete 
products” standard, three Type X specimens were soaked 
in water according to the method of the water absorption 
detection, and then the compressive strength of the three 
Type X specimens were measured after soaking and 
softening according to the method of the compressive 
strength detection. The compressive strength of the 
Type X specimens was compared without soaking and 
softening,	 and	 the	 softening	 coefficient	 was	 calculated	
according to the formula shown in Equation 2.
 Porosity: the porosity was calculated according to 
the empirical Formula 3.
 Average pore diameter: the X-shaped test piece 
(100 mm × 100 mm × 100 mm) was vertically cut to 
obtain a surface parallel to the surface of the test piece, 
and the number of the slurry holes was counted by a 
ruler, and the average pore size was obtained by dividing 
the number of pores by 100 mm.

ρ0 = M0 / V × 106                       (1)

where ρ0 – dry density in kilograms per cubic meter 
(kg∙m-2), accurate to 0.1; M0 – weight of the test piece 
under dry conditions (g); V – volume of the test piece 
(mm3);

Rw = Fcs /F28                              (2)

where Rw	–	softening	coefficient	of	the	test	piece,	accurate	
to 0.01; Fcs – compressive strength of the test piece after 
soaking in water (MPa); F28 – compressive strength of 
the test piece after 28 days of aging (MPa)

 
             (3)

where φ – porosity of test the piece (%); ρ – true density 
of	the	test	piece	(kg∙m-3); ρ0 – dry density in kilograms 
per	cubic	meter	(kg∙m-3), accurate to 0.1;

RESULTS AND DISCUSSION

Molar ratio (M)

 According to previous studies, the mechanical pro-
perties of cement depend on the phase composition, the 
microscopic appearance of the hydration products of the 
cement slurry and the raw material ratio. According to 
Li’s report [24], the selection of the M was limited by the 
rheology (upper limit) and processability (lower limit) 
of	the	mixture.	This	section	primarily	studies	the	effects	
of	the	M	on	the	performance	of	the	MOCFC.	The	effect	
of the bulk density on the mechanical properties should 
be	 avoided	 by	 fixing	 the	 dry	 apparent	 density	 (by	 ad-
justing the H2O2 dosage, the dry apparent density of the 
MOCFC	specimens	with	different	Ms	is	about	220	kg∙m-3). 
The dosage of H2O2 is shown in Table 3, the w/b is 
constant at 0.34. On the basis of determining the con-
centration of the MgCl2 solution and the activity of the 
MgO powder, changing the content of MgO, preparing 
four	different	types	of	test	pieces	with	an	M	of	5,	6,	7,	
and 8, the performance of the MOCFC is measured and 
compared.	Figure	2	shows	the	effect	of	the	different	Ms	
on	the	compressive	strength	and	flexural	strength	of	the	
MOCFC.	As	can	be	seen	from	the	figure,	when	the	M	is	
increased from 5 to 7, the compressive strength of the 
MOCFC continues to rise from 0.7 MPa to 1.0 MPa, 
the	 flexural	 strength	 also	 increases	 from	 0.6	 MPa	 to	
0.8	 MPa,	 and	 the	 compressive	 strength	 and	 flexural	
strength increased by 42.85 % and 33.33 %, respectively. 
However, when the M continues to increase from 7 to 8, 
the	 compressive	 strength	 and	 flexural	 strength	 of	 the	
MOCFC have a downward trend. Compared with M7, 
the	 compressive	 strength	 and	 flexural	 strength	 of	 M8	
decreased by 0.4 MPa and 0.2 MPa, respectively. The 
results	show	that	the	strength	of	the	MOCFC	is	affected	
by	different	Ms.	The	possible	reason	is	that	the	proportion	
of 5Mg(OH)2·MgCl2·8H2O	(5·1·8	phase)	is	changed	due	
to	the	change	in	the	M.	The	5·1·8	phase	is	the	strength	
phase,	which	will	affect	the	strength	performance	of	the	
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MOCFC [25-26]. It is also possible that changes in the 
porosity and pore diameter of the slurry lead to changes 
in the strength properties.
 According to the change in strength trend, with 
respect to the phase composition analysis of the hydra-
tion	 products,	 Figure	 3	 shows	 the	 X-ray	 diffraction	
(XRD)	pattern	of	the	MOCFC	slurry	with	different	Ms.	
The results shows that the crystallisation at 28 days is 
primarily	 composed	 of	 the	 5·1·8	 phase,	 some	 residual	
MgO, MgCO3, and SiO2 are derived from the raw ma-
terials, and a small amount of Mg(OH)2 is generated by 
the reaction of the excess MgO and H2O in the MOCFC 
slurry, and there is no new phase generation. The 
diffraction	peak	intensity	of	the	5·1·8	phase	of	M5	in	the	
XRD	diagram	is	significantly	higher	than	that	of	M6	and	
M7,	the	higher	the	diffraction	peak	intensity	is,	the	more	

5·1·8	phases	are	generated,	which	 is	 the	main	strength	
phase,	and	the	more	5·1·8	phases	that	are	produced,	the	
higher the strength is. From the above analysis, it can be 
concluded that the strength of M5 should be higher than 
that of M6 and M7. However, it can be found that the 
strength of M5 is lower than that of M6 and M7 in Figure 2, 
which is inconsistent with the conclusion of the XRD 
analysis. It indicates that the variation in the MOCFC 
strength is not only related to the phase analysis, but it is 
also related to the porosity and pore diameter. As shown 
in Figure 4, the reason may be that the foamed concrete is 
a kind of porous concrete, its internal pores are relatively 
complex,	which	is	different	from	ordinary	concrete,	the	
pore	 size	 and	 porosity	 both	 affect	 the	 strength	 of	 the	
foamed concrete.
  In order to further study the cause in the strength 
variation, the porosity and average pore diameter of the 
slurry were analysed. Table 4 shows the porosity and 
average pore size of the MOCFC. The table shows that: 
● The average pore size of M6 is the same as that of 

M5, and the porosity of M6 is slightly lower than that 
of M5, under the same average pore size, it indicates 
that the lower the porosity is, the internal structure of 
slurry is denser. The denser the structure is, the greater 
the strength is, so the strength performance of M6 is 
higher than that of M5.

● The porosity of M7 is slightly higher than that of M5 
and M6, and the average pore size of M7 is lower than 
that	of	M5	and	M6.	Compared	to	the	effect	of	a	slight	
increase in porosity, the variation of the internal pore 
structure caused by the average pore size is dominant. 
The decrease in the average pore size leads to the 
thickening of the pore wall inside the slurry, which 
provides support for the MOCFC strength. Therefore, 
the strength of M7 is higher than that of M5 and M6.

● The porosity and average pore size of M8 are the 
largest. In addition, the average pore diameter of M8 is 
larger than the average pore diameter of the other three 
molar ratios. Therefore, the internal pore structure 
of the M8 slurry is the loosest and its strength is the 
lowest.

	 In	 view	 of	 the	 changes	 in	 the	 M,	 the	 effects	 on	
the thermal conductivity, volume water absorption 
and	 softening	 coefficient	 were	 studied,	 the	 results	 are	
shown in Figure 5. When M increases from 5 to 7, 

Table 4.  The relationship between the porosity and average 
pore	size	of	the	different	molar	ratios	at	28	days.

 
α-MgO/MgCl2

 Total porosity Average pore size
  (%) (mm)

 5 89.4 1.35
 6 89.1 1.35
 7 90.5 1.21
 8 91.0 1.45
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Figure 3.  The XRD patterns of the MOC mixtures with the 
different	molar	ratios	after	28	days.

Figure 4.  The internal pore structure of the MOCFC.
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the thermal conductivity gradually increases from 
0.125274	W∙(m∙K)-1	 to	0.147233	W∙(m∙K)-1. Combined 
with Table 4, it was found that due to the small change in 
the	internal	pore	structure,	compared	with	the	influence	
on the thermal conductivity of the MOCFC, the change 
of the raw material caused by the change of the M has 
a	more	 obvious	 influence	 on	 the	 thermal	 conductivity.	
This is because with the increase of the M, the amount 
of MgCl2·6H2O required decreases, and the water in the 
slurry also decreases, in the process of heat conduction, 
this part of the combined water can absorb less heat, 
making the thermal conductivity of the MOCFC 
higher. When the M increases from 7 to 8, the thermal 
conductivity	 decreases	 from	 0.147233	 W∙(m∙K)-1 to 
0.143697	W∙(m∙K)-1. According to Table 4, the porosity 
and average pore diameter of M8 are far greater than 
the	other	 three	Ms,	compared	with	 the	 influence	of	 the	
change in the raw materials on its thermal conductivity, 
the change in the internal pore structure plays a dominant 
role in its thermal conductivity. Therefore, the thermal 
conductivity decreases. With an increase in the M, the 
volume water absorption increases from 28.92 % to 

91.04 %, which shows an upward trend. This is due to 
the change of the M, which changes the pore structure 
inside the MOCFC, the porosity as a whole shows an 
upward trend, which increases the contact area between 
the material and the water, leading to an increase in the 
water absorption. With an increase in the M, the softening 
coefficient	first	decreases	and	then	increases.

Effects	of	the	H2O2 dosage

	 Bulk	density	is	an	important	property	of	foam	con-
crete.	The	bulk	density	of	foam	concrete	not	only	affects	
its performance, but also determines its application range 
[27]. The bulk density of foam concrete depends on the 
dosage of H2O2. In the process of preparing the MOCFC, 
H2O2 acts as a foaming agent, and as the dosage of H2O2 
increases, the foaming process of the slurry gradually 
becomes	faster.	To	study	the	effect	of	the	H2O2 dosage on 
the strength, the dry apparent density, thermal conduc-
tivity,	volume	water	absorption,	softening	coefficient	and	
microscopic composition of the MOCFC were studied, 
a	 molar	 ratio	 of	 α-MgO/MgCl2 = 6 was used in the 
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experiment, the w/b was constant at 0.34, and the dosage 
of H2O2 varied at 0.5 %, 1 %, 2 %, 3 %, 4 %, 5 %, 6 %, 
7	%,	 8	%	 of	 the	 LBM	powder	 content.	Nine	 different	
types of test pieces were generated, and the performance 
was	measured	and	compared.	Figure	6	shows	the	effect	
of the H2O2 dosage on the mechanical properties of the 
MOCFC	at	the	different	curing	ages	(3,	7,	and	28	days).	
The results show that with an increase in the H2O2 
dosage,	 the	 compressive	 strength	 and	 flexural	 strength	
of the MOCFC continue to decrease, and when the H2O2 
dosage increases from 0.5 % to 8 %, the compressive 
strength of the 28 day-cured sample decreases from 
20	MPa	to	0.8	MPa	and	the	flexural	strength	decreases	
from 15.4 MPa to 0.5 MPa. This is mainly due to the 
changes in the pore structure inside the sample. With an 
increase in the H2O2 dosage, the ratio between the amount 
of the foam and the slurry volume continues to increase. 

After drying, the porosity in the sample increases, the 
pore wall becomes thinner due to the decrease in the 
slurry volume, so the strength decreases [28-29].
	 Based	 on	 the	 change	 in	 strength	 trend,	 to	 further	
study	the	influence	of	the	H2O2 dosage on the performance 
of	the	MOCFC	and	figure	out	the	cause	of	the	decrease	in	
strength, the MOCFC phase composition was analysed. 
Figure	 7	 shows	 the	XRD	pattern	 of	 the	 different	H2O2 
dosages on the MOCFC slurry, and the results show that 
the	phases	in	the	MOCFC	slurry	are	still	the	5·1·8	phase,	
MgCO3, SiO2 and MgO, and no new phases are formed. 
It shows that adding H2O2 to the MOCFC does not lead 
to the formation of other hydration products. With the 
increase in the H2O2 dosage,	the	diffraction	peak	values	
of	the	5·1·8	phase	and	MgO	do	not	change	significantly,	
there is almost no Mg(OH)2 generation in the slurry. It 
can be concluded that the phase composition is not the 
reason for the decrease in the strength.
 Figure 8 shows the SEM images of the MOCFC 
with	 the	 different	H2O2 dosages. It was found that the 
5·1·8	phases	do	not	change	its	microscopic	appearance	
and are still a six-prism structure, indicating that the 
change in the H2O2 dosage does not change the micro-
scopic appearance of the main hydration product in the 
slurry. According to the SEM X30, when the H2O2 dosage 
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Table 5.  The relationship between the strength and the porosity 
of	the	different	H2O2 dosages at 28 days.

 The dosage of The compressive strength Total porosity
 H2O2 of 28 days (MPa) (%)

 0.5 % H2O2 20.0 40.2
 1 % H2O2   9.8 54.9
 2 % H2O2   6.2 70.9
 3 % H2O2   4.3 78.9
 4 % H2O2   2.8 83.2
 5 % H2O2   1.8 86.0
 6 % H2O2   1.6 88.9
 7 % H2O2   1.5 90.8
 8 % H2O2   0.8 92.1

b) 8 % H2O2a) 0.5 % H2O2

Figure	8.		The	SEM	images	of	the	MOCFC	with	the	different	H2O2 dosages at 28 days. (Continue on next page)
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is 0.5 %, the MOCFC slurry is denser and the pore wall 
is thicker, with an increase in the H2O2 dosage, when the 
dosage of H2O2 is 8 %, the pore diameter in the slurry 
becomes larger and the pore wall becomes thinner. The 
strength is mainly provided by the support of the pore 
wall, the thicker the pore wall is, the higher the strength 
is; on the contrary, the thinner the pore wall is, the lower 
the strength is [28]. Combined with Table 5, we can see 
that the porosity of the MOCFC is gradually increasing 
with an increase in the H2O2 dosage. This indicates that 
the change in the internal pore structure of the MOCFC 
slurry caused by the change in the H2O2 dosage is the 
main reason for the decrease in the mechanical strength. 
	 Figure	9a	shows	the	effect	of	the	H2O2 dosage on the 
thermal insulation properties of the MOCFC. The results 
show that the dry apparent density and the thermal con- 
ductivity of the MOCFC continues to decrease with 
an increase in the H2O2 dosage. The dry apparent den-
sity	 of	 the	 MOCFC	 decreases	 from	 1037.5	 kg∙m-3 to 
189.4	 kg∙m-3 and the thermal conductivity decreases 
from	 0.454643	W∙(m∙K)-1 to	 0.115939	W∙(m∙K)-1. This 
is because H2O2 acts as a foaming agent, as the dosage 
of the foaming agent increases, more micro-bubbles 

are produced by high-speed foam production, then 
more micro-closed bubbles are produced in the cement 
slurry, making the volume of the MOCFC increase, so 
the dry apparent density decreases. The smaller the dry 
apparent density of the foam concrete is, the lower the 
proportion of solid phase is, the smaller the proportion 
of the heat transferred by heat conduction is, and the 
lower	the	efficiency	of	the	heat	transfer	is.	Therefore,	the	
thermal conductivity is reduced, the thermal insulation 
properties	are	 improved.	Figure	9b	 shows	 the	effect	of	
the H2O2 dosage on the water resistance of the MOCFC. 
As	can	be	seen	from	the	figure,	when	the	H2O2 dosage 
increases from 0.5 % to 8 %, the volume of the water 
absorption of the MOCFC continues to rise, from 2.09 % 
to	67.18	%,	and	 the	 softening	coefficient	on	 the	whole	
shows a downward trend, from 0.91 to 0.4. Combined 
with Table 5 and the SEM images in Figure 8, it was 
found that the pore structure of the MOCFC changes 
significantly	with	the	change	in	the	H2O2 dosage. When 
the H2O2 dosage increases, the porosity increases, the 
pore wall becomes thin, and the pore structure becomes 
loose, which increases the contact area between the 
material and the water, leading to an increase in the water 

d) 8 % H2O2c) 0.5 % H2O2

Figure	8.		The	SEM	images	of	the	MOCFC	with	the	different	H2O2 dosages at 28 days.
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absorption, and accelerating the decomposition rate of 
the hydration crystal products meeting the water, so the 
strength decreases and the water resistance becomes 
poor. In conclusion, the incorporation of H2O2 improves 
the thermal insulation performance of the MOCFC and 
restricts the development of its mechanical properties 
and water resistance.

Effects	of	the	FA dosage

	 To	 study	 the	 effects	 of	 the	FA	dosage	 on	 the	 per-
formance of the MOCFC, the experiment used a molar 
ratio	 of	 α-MgO/MgCl2 = 6, the H2O2 dosage was 5 % 
of	 the	LBM	powder	content,	and	the	FA	dosage	varied	
at	 0	%,	 5	%,	 10	%,	 15	%,	 20	%	 of	 the	 LBM	powder	
content,	five	different	types	of	test	pieces	were	prepared	
with	a	w/b	of	0.34.	By	measuring	the	MOCFC	strength,	
dry apparent density, thermal conductivity, volume water 
absorption,	 softening	 coefficient,	 and	 other	 properties,	
using the origin to draw, analyse, and summarise the 
data,	 the	effects	of	 the	FA	dosage	on	 the	MOCFC	per-
formance	were	studied.	Figure	10	shows	the	influence	of	
the	different	FA	dosages	on	the	mechanical	properties	of	
the	MOCFC	at	the	different	curing	ages	(3,	7,	28	days).	
The results show that with an increase in the FA dosage, 
the	 compressive	 strength	 and	 flexural	 strength	 of	 the	
MOCFC develop in a wavy trend. Compared with the 
0	%	FA	test	piece,	the	compressive	and	flexural	strength	
of	the	four	different	types	of	specimens	mixed	with	the	FA	
decreases, indicating that the FA limits the development 
of the MOCFC’s mechanical properties. The possible 
reason is that with an increase in the FA dosage, the 
proportion of the MgO powder content correspondingly 
decreases,	the	strength	phase	of	the	5·1·8	phase	crystal	
is reduced, which results in a reduction in the mechanical 
properties of the MOCFC. It is also possible that the 
addition of the FA changes the pore structure inside the 
slurry, causing the MOCFC bulk density to decrease, 
thus resulting in a decrease in the MOCFC strength.

	 Based	on	the	change	in	the	strength	trend,	the	phase	
composition of its hydration products was analysed. 
Figure 11 shows the XRD pattern of the MOCFC slurry 
with	the	different	FA	dosages.	It	can	be	seen,	from	Figure	
11, that with an increase in the FA dosage, the phase 
of	 the	MOCFC	 slurry	 is	 still	 the	 5·1·8	 phase,	MgCO3, 

SiO2 and MgO, and there is no new phase generation. 
It shows that adding the FA to the MOCFC does not 
lead to the formation of other hydration products. The 
diffraction	peak	values	of	the	5·1·8	phase	and	MgO	do	
not	significantly	change	under	the	different	FA	dosages.	
It indicates that an increase in the FA dosage has little 
influence	 on	 the	 decrease	 of	 the	MgO	 powder	 content	
and	the	5·1·8	phase	crystal.	Therefore,	the	influence	on	
the strength performance remains to be proved. 
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	 According	 to	 the	 influence	 of	 the	 different	 FA	
dosages on the MOCFC microscopic appearance, the 
SEM images were analysed. Figure 12 shows the SEM 
images	 of	 the	MOCFC	with	 the	 different	 FA	 dosages,	
where	it	was	found	that	the	5·1·8	phases	do	not	change	
its microscopic appearance and are still a six-prism 
structure, indicating that the change in the FA dosage 
does not change the microscopic appearance of the 
main hydration product in the slurry. Combined with 
Table 6, we can know that the porosity of the MOCFC is 

Table 6.  The relationship between the strength and the porosity 
of	the	different	FA	dosages	at	28	days.

 The dosage of The compressive strength Total porosity
 FA of 28 days (MPa) (%)

 0 % FA 1.8 86.0
 5 % FA 1.7 88.6
 10 % FA 1.8 89.3
 15 % FA 1.3 89.5
 20 % FA 1.5 90.2

f) 20 % FA

d) 5 % FA

b) 0 % FA

e) 20 % FA

c) 5 % FA

a) 0 % FA

Figure	12.		The	SEM	images	of	the	MOCFC	with	the	different	FA	dosages	at	28	days.
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gradually increasing with an increase in the FA dosage. 
Together	with	 the	“filling	effect”	and	“micro-aggregate	
effect”	of	the	FA,	a	large	number	of	fine	FA	particles	will	
be	filled	into	the	cement	and	the	pores	of	the	hydration	
products in the FA clinker minerals, allowing the larger 
pores in the foam concrete test piece to be divided into a 
large	number	of	fine	pores	and	refine	the	pore	diameter	
of the test piece [30-31]. This leads to changes in the 
internal pore structure of the MOCFC slurry. Therefore, 
it can be concluded that the reason for the decline in the 
MOCFC strength is related to the pore structure inside 
the slurry.
	 Figure	 13a	 shows	 the	 effect	 of	 the	 FA	 dosage	 on	
the thermal insulation properties of the MOCFC. As the 
FA dosage increases, the MOCFC dry apparent density 
decreases	from	301.3	kg∙m-3	to	231.9	kg∙m-3, the thermal 
conductivity shows a downward trend as a whole, 
decreasing	from	0.1456	W∙(m∙K)-1	to	0.1285	W∙(m∙K)-1. 
This is because the density of the FA is less than the 
density of MgO (as can be seen from the raw materials), 
when MgO is replaced by an equivalent amount of FA, the 
volume of the test piece will increase, so the dry apparent 
density will decrease. The smaller the dry apparent 
density of the foam concrete is, the lower the proportion 
of the solid phase is, the smaller the proportion of the heat 
transferred by the heat conduction is, and the lower the 
efficiency	of	the	heat	transfer	is.	Therefore,	the	thermal	
conductivity is reduced. An increase in the FA dosage 
reduces the thermal conductivity of the MOCFC, which 
is	beneficial	to	improve	the	MOCFC’s	thermal	insulation	
performance.	 Figure	 13b	 shows	 the	 effect	 of	 the	 FA	
dosage on the water resistance of the MOCFC. It can be 
found	from	the	figure	that	the	volume	water	absorption	
of the sample with the FA added is higher than that of the 
sample without the FA. This is due to the incorporation 
of the FA, which changes the pore structure inside the 
MOCFC, which causes the porosity to rise, increases the 
contact area between the material and water, and causes 
the	 water	 absorption	 to	 rise.	 The	 softening	 coefficient	
first	 increased	 and	 then	 decreased,	 when	 5	%	 FA	was	

added,	 the	 softening	coefficient	 increased	 from	0.57	 to	
0.58, when the FA dosage increased from 5 % to 20 %, 
the	softening	coefficient	continued	to	decrease	from	0.58	
to 0.38. Which shows that the addition of the FA leads to 
the poor water resistance of the MOCFC. In summary, 
the incorporation of FA improves the thermal insulation 
properties of the MOCFC and limits the development of 
its mechanical properties and water resistance.

Effects	of	the	KDP	dosage

	 To	 study	 the	 effect	 of	 the	 KDP	 dosage	 on	 the	
strength, dry apparent density, thermal conductivity, vo-
lume	water	 absorption	 and	 softening	 coefficient	 of	 the	
MOCFC,	a	molar	ratio	of	α-MgO/MgCl2 = 6 was used in 
the experiment, the dosage of H2O2	was	5	%	of	the	LBM	
powder content, the water-to-binder ratio was constant 
at	0.34,	and	the	dosage	of	the	KDP	varied	at	0	%,	0.5	%,	
1	%,	1.5	%	of	the	LBM	powder	content.	Four	different	
types of test pieces were generated, and the performance 
was	measured	and	compared.	Figure	14	shows	the	effects	
of	the	different	KDP	dosages	on	the	compressive	strength	
and	flexural	strength	of	the	MOCFC.	It	can	be	seen	from	
the	figure	that	the	early	strength	of	the	four	different	types	
of test pieces changes rapidly, the compressive strength 
after 7 days of curing is about 80 % of the compressive 
strength after 28 days of curing, the rate of change in 
the strength in the later period is slow, and the overall 
increase	is	relatively	small,	these	observations	reflect	the	
characteristics of the early strength of the MOCFC. With 
an	increase	in	the	KDP	dosage,	the	compressive	strength	
and	flexural	strength	of	 the	MOCFC	are	reduced	when	
compared	 with	 the	 samples	 without	 the	 KDP.	 When	
adding	1.5	%	KDP,	the	compressive	strength	and	flexural	
strength of the MOCFC with a curing age of 28 days 
were the lowest, 0.9 MPa and 0.4 MPa, respectively, and 
compared with the control samples, the decrease was 
53 % and 49.2 %, respectively. This indicates that the 
addition	of	KDP	will	constrain	the	strength	development	
of	the	MOCFC	and	have	an	adverse	effect	on	its	strength.	
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The	possible	reason	is	that	the	addition	of	KDP	changes	
the phase composition and the microscopic appearance of 
the	MOCFC,	it	is	also	possible	that	the	addition	of	KDP	
changes the pore structure inside the slurry, resulting in a 
decrease in the bulk density of foamed concrete.
 To further explore the reasons for the strength re-
duction,	 an	 XRD	 phase	 analysis	 of	 the	 KDP	 with	 the	
different	dosages	was	carried	out.	Figure	15	shows	 the	
XRD	pattern	of	the	MOCFC	with	different	KDP	dosages.	
It can be seen from Figure 15 that with an increase in 
the	KDP	dosage,	the	phase	of	the	MOCFC	slurry	is	still	
the	 5·1·8	 phase,	 MgCO3, SiO2 and MgO, and there is 
no	new	phase	generation.	It	shows	that	adding	the	KDP	
to the MOCFC does not lead to the formation of other 
hydration	products.	With	an	increase	in	the	KDP	dosage,	
the	diffraction	peak	values	of	the	5·1·8	phase	and	MgO	
do	 not	 change	 significantly.	 It	 can	 be	 concluded	 that	
the phase composition is not the primary reason for the 
decrease in the strength.

	 According	 to	 the	 influence	 of	 the	 different	 KDP	
dosages on the microscopic appearance of the MOCFC, 
the	 four	 different	 types	 of	 specimens	 with	 0	 %	 KDP,	
0.5	%	KDP,	1	%	KDP,	and	1.5	%	KDP	were	analysed	by	
the SEM images. Select a few pictures with an obvious 
effect	for	analysis.	It	can	be	seen	from	Figure	16	that	the	
5·1·8	phase	of	the	0	%	KDP,	0.5	%	KDP,	and	1.5	%	KDP	
is still a six-prism structure, indicating that the change 
in	 the	 KDP	 dosage	 does	 not	 change	 the	 microscopic	
appearance of the main hydration product in the slurry. 
It can be seen from Table 7 that the porosity increases 
gradually	 with	 an	 increase	 in	 the	 KDP	 dosage.	 This	
indicates that the change in the internal pore structure 
of the MOCFC slurry caused by the change in the 
KDP	dosage	 is	 the	main	 reason	for	 the	decrease	 in	 the	
mechanical strength.

	 In	 view	 of	 the	 changes	 in	 the	 KDP	 dosage,	 the	
effects	on	the	dry	apparent	density,	thermal	conductivi-
ty,	 volume	 water	 absorption	 and	 softening	 coefficient	
were studied, the results are shown in Figure 17. With 
an	 increase	 in	 the	 KDP	 dosage,	 when	 compared	 with	
the	 0	 %	 KDP,	 the	 dry	 apparent	 density	 and	 thermal	
conductivity of the MOCFC decrease rapidly when 
0.5	 %	 KDP	 is	 added,	 the	 volume	 water	 absorption	
increases	rapidly,	and	the	softening	coefficient	decreases.	
The reduction of the dry apparent density is due to the 
addition	 of	 the	 KDP,	 which	 causes	 the	 solution	 to	 be	
weakly alkaline and accelerates the decomposition 
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Figure	14.		The	effect	of	the	KDP	dosage	on	the	compressive	strength	and	flexural	strength	of	the	MOCFC.
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Figure 15.  The XRD patterns of the MOC mixtures with the 
different	KDP	dosages	at	28	days.

Table 7.  The relationship between the strength and the porosity 
of	the	different	KDP	dosage	at	28	days.

 The dosage of The compressive strength Total porosity
	 KDP	 of	28	days	(MPa)	 (%)

	 0	%	KDP	 1.8	 86.0
	 0.5	%	KDP	 1.4	 87.9
	 1.0	%	KDP	 1.4	 88.4
	 1.5	%	KDP	 0.9	 89.2
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rate of H2O2, leading to an increase in the porosity, so 
the dry apparent density decreases. Due to the small 
dosage	of	the	KDP,	compared	with	the	water	resistance	
of	 the	MOCFC,	 it	was	 improved	 by	KDP,	 the	 internal	
pore structure of MOCFC changes more obviously and 
plays a dominant role in the water resistance of the 
MOCFC. The rapid decline of the bulk density indicates 
that the porosity and pore size are greatly increased, 
the pore structure becomes loose, which increases the 

contact area between the materials and the water and 
accelerates the rate of decomposition of the hydration 
crystal product meeting the water, so the strength is 
reduced and the water resistance is poor. As the bulk 
density decreases, the thermal conductivity decreases, 
indicating that the thermal insulation performance 
is	 improved.	 When	 the	 KDP	 dosage	 increases	 from	
0.5 % to 1.5 %, the dry apparent density and thermal 
conductivity of the MOCFC decrease slowly, the volume 

f)	1.5	%	KDP

d)	0.5	%	KDP

b)	0	%	KDP

e)	1.5	%	KDP

c)	0.5	%	KDP

a)	0	%	KDP

Figure	16.		The	SEM	images	of	the	MOCFC	with	the	different	KDP	dosages	at	28	days.
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water	absorption	decreases,	and	the	softening	coefficient	
increases. The bulk density tends to decrease slightly, 
the thermal conductivity decreases, indicating that the 
thermal insulation performance is further improved. The 
decrease in the bulk density indicates that the porosity 
and pore size increase, but the water absorption capacity 
of	the	test	piece	decreases,	and	the	softening	coefficient	
increases.	This	 indicates	 that	 the	KDP	 plays	 a	 leading	
role in improving the water resistance of the MOCFC at 
this	time.	The	KDP	group	(PO3-) has a strong chelating 
effect	on	 the	Mg2+ metal ions [22], which easily reacts 
with the Mg2+ in the cement slurry, forming a dense and 
insoluble	complex	protective	film	on	the	surface	of	 the		
hydration	products,	effectively	preventing	the	hydrolysis	
of	 the	5·1·8	phase,	and	 improving	 the	water	 resistance	
of the MOCFC. In view of the trend of the graphics, 
the	 addition	 of	 the	KDP	 is	 beneficial	 in	 improving	 its	
thermal insulation performance, the appropriate addition 
of	KDP,	 such	 as	 adding	 1.5	%	KDP,	will	 improve	 the	
water resistance of the MOCFC.

CONCLUSIONS

	 According	 to	 the	different	Ms	of	 the	MOCFC	and	
adding	the	different	dosages	of	the	admixtures,	the	com-
pressive	strength,	flexural	strength,	dry	apparent	density,	
thermal conductivity, volume water absorption, and 
softening	coefficient	of	the	MOCFC	were	systematically	
studied. The following conclusions are drawn based on 
the analysis of the experimental results:
● The change in the M changes the pore structure of 

the MOCFC slurry, which is the main reason for the 
change of its strength properties, thermal insulation 
performance and water resistance. Considering the 
characteristics and environment of the project, M6 was 
used	to	study	the	influence	of	the	different	admixtures	
on the performance of the MOCFC.

● The addition of H2O2	 is	 beneficial	 in	 improving	
the thermal insulation performance of the MOCFC 
and preparing thermal insulation materials that are 
lightweight and have good thermal insulation pro-
perties. However, it also restricts the development 
of the MOCFC mechanical properties and water re-
sistance. 

● When FA is added to the MOCFC, the FA mainly 
acts	as	a	filler,	 changing	 the	 internal	 structure	of	 the	
slurry, resulting in a decrease in the water resistance. 
The addition of the FA helps to improve the thermal 
insulation performance of the MOCFC, where an ex-
cessive FA dosage (such as 15 % FA and 20 % FA) 
will	 affect	 the	 hydration	 condensation	 process,	
resulting in a decrease in the strength properties of the 
prepared MOCFC.

●	When	KDP	is	added	as	an	admixture	to	the	MOCFC,	
it primarily plays the role of improving the water 
resistance of the MOCFC. With an increase in the 
KDP	 dosage,	 the	 thermal	 insulation	 performance	 of	
the MOCFC is gradually improved, and its strength 
performance	shows	a	significant	downward	trend.	The	
proper	addition	of	KDP	(such	as	1.5	%)	is	beneficial	to	
improve the water resistance of the MOCFC.
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