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Abstract 
 

To promote the reuse of yellow gypsum (YG), an industrial solid waste, and achieve energy savings and environmental 
protection, the impact of water temperature variation on the performance of magnesium oxysulfate-based yellow gypsum 
(YG-MOS) foamed concrete was investigated. YG-MOS foamed concrete was prepared using magnesium oxysulfate 
(MOS) foamed cement as the matrix and YG as the admixture, with water at varying temperatures. This study aimed to 
elucidate how changes in water temperature affect the properties of YG-MOS foamed concrete. Results show that, after a 
28-day curing period, as the water temperature increases, the compressive strength, dry density, and thermal conductivity 
of the samples initially rise but subsequently decline. These properties reach their peak values when the water 
temperature is 35 °C. Additionally, as the water temperature rises, the porosity of the samples first decreases and then 
increases, with the minimum porosity observed at 35 °C. At this temperature, the mean pore size and its standard 
deviation are also minimized, resulting in the most uniform pore size distribution. Furthermore, as the temperature varies 
between 35 °C and 60 °C, the concentration of the 5-phase 5Mg(OH)2·MgSO4·7H2O in the sample gradually decreases, 
while the formation of flake, cluster, and petal-like magnesium hydroxide structures significantly increases. These 
findings provide valuable insights for the application of YG-MOS foamed concrete in civil engineering. 
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1. Introduction 
 
Yellow gypsum (YG), also known as titanium gypsum, is a 
yellow block of industrial solid waste produced during the 
production of titanium dioxide via the sulfuric acid method. 
Its main component is CaSO4·2H2O. Each ton of titanium 
dioxide produced through the sulfuric acid method generates 
6-10 t of YG waste residue. Currently, the annual production 
of YG in China is nearly 30 Mt, but the utilization rate is 
less than 10% [1, 2]. The industrial sector is developing 
rapidly, and the output of YG is also increasing annually. 
YG has complex components and contains a variety of metal 
elements, which also makes the treatment of YG more 
difficult. At present, there are two main ways to address YG. 
First, although YG is reused through a process, the process 
is complex, and the reuse rate of YG is low. Second, YG is 
buried or stacked as industrial waste, which is also the main 
treatment method for YG at present. 

Foam concrete in China is mostly made of Portland 
cement mixed with sand and other materials to prepare 
slurries, and foam is introduced into it. Due to the 
shortcomings of low early strength in foam concrete, its 
application has been limited to varying degrees. Therefore, 
lightweight foam thermal insulation materials have received 
extensive attention as a new type of environmentally 
friendly thermal insulation building material. Lightweight 
foam thermal insulation materials are a new type of 
lightweight porous thermal insulation cementitious material 
prepared by adding other lightweight aggregates, modifiers, 
and other admixtures to cement as the main cementitious 

material through physical foaming of foam or chemical 
foaming of chemical foaming agents. They have the 
advantages of low dry density, low thermal conductivity, 
excellent sound insulation performance, and good fire 
resistance [3]. 

 As a magnesium-based gas-hardened cementitious 
material, magnesium oxysulfate cement (MOS) has the 
advantages of low dry density, low thermal conductivity, 
low alkalinity, high early strength, and good fire resistance. 
It has gradually become widely used in the preparation of 
lightweight foam thermal insulation materials [4]. Foam 
MOS is a porous gas-hardened cementitious material made 
by physical or chemical foaming, stirring, injection molding, 
standing, mold removal, and curing. However, there are also 
several problems in practical preparation and application, 
such as inadequate water resistance, susceptibility to 
collapse and cracking, and low strength. 
 
 
2. State of the Art 
 
The treatment of industrial solid waste will be a significant 
issue in the future. To promote the concepts of sustainable 
development, energy conservation, and environmental 
protection, and to safeguard our homes and the environment, 
we must address industrial solid waste in an efficient, green, 
and energy-saving manner [5-7]. Currently, YG is often 
landfilled as industrial waste [8, 9]. However, YG contains 
various compounds and is weakly acidic. As a landfill 
material, it can severely pollute the environment and have 
detrimental effects on the local ecological system [10, 11]. 
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Numerous scholars have researched how to utilize YG 
effectively and sensibly. Some studies have reported that 
incorporating an appropriate amount of YG into MOS can 
significantly reduce the setting time and increase strength. 
For instance, Rosli et al. [12] developed a novel material by 
blending sludge and red gypsum, which can serve as a 
landfill cover and exhibits good compressive strength and 
plasticity. Sotiriadis et al. [13] produced YG as a gypsum-
cement-pozzolanic binder with self-cleaning capabilities. 
Many scholars have applied YG in construction, finding that 
combining yellow gypsum with cement concrete enhances 
the incorporation of YG. Wang et al. [14] noted that adding 
YG to magnesium oxychloride cement (MOC) boosts its 
compressive strength and ductility. Gu et al. [15] used 
untreated desulfurized gypsum to replace MgSO4 in 
magnesium oxysulfate cement (MOS) to prepare MOS. This 
incorporation of gypsum effectively improved the 
compressive strength, water resistance, and volume stability 
of the material. 

Compared with traditional Portland cement, MOS is 
considered a new type of environmentally friendly material 
due to its lower carbon dioxide emissions, which has 
attracted increasing attention. Domestic and foreign scholars 
have conducted numerous studies on MOS. Li et al. [16] 
reported that flue gas desulfurized gypsum was incorporated 
into MOS, and the compressive strength of MOS cured at 40 
°C for 28 d reached 56.6 MPa, which was a 12.5% increase 
compared with that of MOS cured at 20 °C. Fang et al. [17] 
investigated the impact of curing at low temperatures on the 
properties of basic magnesium sulfate cement. They reported 
that lower temperatures decreased the crystallinity of the 5-
phase 5Mg(OH)2·MgSO4·7H2O, thereby increasing its water 
solubility. As a consequence, basic magnesium sulfate 
cement exhibited reduced water resistance. The temperature 
significantly affects the performance of MOS. Rodríguez-
Alfaro et al. [18] found that 3-phase 
(3Mg(OH)2·MgCl2·8H2O), with a needle-like morphology, 
was the primary crystallized hydration product for MOC 
composites. Dionisio and Gomes [19] reported that the state 
of the 3-phases is not stable under ambient temperature 
conditions. Li et al. [20] found that adding red mud and iron 
tailings into MOS to prepare foamed concrete has good 
economic benefits. Jiang et al. [21] reported that the 
incorporation of rice straw into MOS-based foamed 
lightweight insulation materials effectively improved the dry 
shrinkage, thermal conductivity, and flexural strength of 
these materials. Temperature affects important factors such 
as the porosity of foamed concrete, but there are few studies 

on the influence of water temperature on MOS foamed 
concrete, which requires further investigation. 

In this work, YG industrial solid waste was mixed into 
MOS as an admixture, and YG-MOS foamed concrete was 
prepared using water at different temperatures. The effect of 
water temperature on the performance of YG-MOS foamed 
concrete was investigated. MOC foam cement was used as 
the basic raw material, and YG was used as the admixture. 
The effects of different water temperatures on the properties 
of YG-MOS foamed concrete were studied. The effects of 
different water temperatures on the compressive strength, 
thermal conductivity, dry density, porosity, pore size, phase 
composition, and microstructure of YG-MOS foamed 
concrete were analyzed using a universal testing machine, 
X-ray diffraction (XRD), Scanning Electron Microscope 
(SEM), and ImageJ software [22]. 

The remainder of this study is organized as follows: 
Section 3 outlines the experimental materials, procedures, 
and test methods for YG-MOS foamed concrete. Section 4 
presents an analysis and discussion of the experimental 
findings. Finally, Section 5 summarizes the experimental 
results and analysis. 
 
 
3. Methodology 
 
3.1 Test Materials 
In this study, the light-burned magnesium oxide (MgO) had 
a purity of 85%. It was produced in Dashiqiao, located in 
Yingkou city, China. According to X-ray fluorescence 
(XRF) analysis, the content of MgO was ≥ 85%, with a 
small amount of impurities including MnO, SiO2, CaO, and 
other substances. The standard hydration reaction of MgO 
used to measure the content of active MgO yielded a result 
of 63.5%, as detailed in Table 1. The MgSO4·7H2O used in 
the study was produced by Shanghai Minhang Shenlong 
Light Chemical Co., Ltd., with an effective content of ≥ 
99%. The primary chemical components and their respective 
contents are presented in Table 2. 

YG, a brown-yellow block, was sourced from Baililian 
Light Chemical Co., Ltd., located in Jiaozuo city, China. To 
determine the main chemical composition and content of 
YG, XRF and XRD techniques were employed. The results 
are shown in Table 3 and Fig. 1, respectively. 

The foaming agent used was hydrogen peroxide (H2O2) 
with a concentration of 30%, sourced from our laboratory. 
Additionally, citric acid and MnO, both of analytical purity, 
were produced by National Pharmaceutical Group Chemical 
Reagents Co., Ltd.. 

 
Table 1. Chemical composition of MgO 

Ingredient MgO MnO SiO2 CaO Al2O3 Fe2O3 SO3 Active 
Content (%) 85.95 6.73 3.62 2.23 0.62 0.48 0.22 63.5% 

 
Table 2. Chemical composition of MgSO4·7H2O 

Ingredient MgSO4·7H2O MgSO4 MgO Mg Cl Fe 
Content (%) 99.50 48.59 16.20 9.80 0.03 0.005 

 
Table 3. Chemical composition of YG 

Ingredient SO3 CaO Fe2O3 SiO2 Al2O3 MgO Na2O MnO Other 
Content (%) 38.50 30.16 13.62 3.62 3.30 1.74 0.95 0.65 4.96 
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Fig. 1. XRD analysis of YG 

 
3.2 Experimentation 
To investigate the impact of experimental water temperature 
on MOS, the molar ratio of MOS in this experiment was 
fixed at 8:1:20, and the amount of YG was 6% of the mass 
of MgO. MOS was prepared using water at various 
temperatures: 5 °C, 10 °C, 15 °C, 20 °C, 25 °C, 30 °C, 35 
°C, 40 °C, 45 °C, 50 °C, 55 °C, and 60 °C. First, the block of 
YG was dehydrated and manually broken into small pieces. 
The samples were then crushed into a powder using a 
crusher, sieved through a 200-mesh square sieve, and sealed 
for preservation. Before starting the experiment, a bucket 
was filled with tap water, which was then heated to a 
specific temperature. 

Initially, YG, MgO, and MnO2 were weighed and added 
to a mixer. The mixture was stirred for 300 s to ensure 
thorough blending. Subsequently, citric acid and 
MgSO4·7H2O were added to the barrel, followed by water 
heated to the desired temperature. The mixture was stirred 
thoroughly again. The resulting solution was then poured 
over the dry material and stirred for 120 s until fully mixed. 
H2O2 was added, and the mixture was stirred for an 
additional 30 s before being poured into a cube-shaped mold 
with an edge length of 100 mm. After 24 h, the test block 
was removed from the mold and placed in a room 
maintained at a temperature of 23 ± 3 °C and a relative 
humidity of 50 ± 5% for curing. 
 
3.3 Test methods 
The test methods for determining sample properties are as 
follows: 

Compressive Strength Test: An electronic universal 
testing machine with a loading rate of 0.5 kN/s was used to 
measure the compressive strength of cube specimens with an 
edge length of 100 mm, which had been cured for different 
durations. 

Thermal Conductivity Test: A cube sample that had been 
cured for 28 d was cut into a sheet-like square with a side 
length of 100 mm and a thickness of 10 mm. A thermal 
conductivity tester was then used to measure the thermal 
conductivity of this sample. 

Surface Porosity Test: The surface profile of the sample 
was photographed, and the resulting image was analyzed 
using ImageJ software to determine the surface porosity. 

Dry Density Test: The dry density of the samples was 
tested according to the Chinese standard JG/T 266-2011 for 
foam concrete. 

Hole structure test: The sample profile was 
photographed, and the image was analyzed via ImageJ 
software. 
 
 
4. Results analysis and discussion 
 
4.1 Effect of water temperature change on strength of 
YG-MOS foam concrete 
Fig. 2 illustrates the impact of varying water temperatures on 
the compressive strength of YG-MOS foamed concrete. As 
the water temperature increases, the strength initially rises to 
a peak value before subsequently declining. When the curing 
time is 24 h and 3 d, the strength curve is undulating, and 
there is no discernible trend in strength change. With a 
curing time of 7 d, the strength curve rises initially but then 
decreases. At 35 °C, the sample attains its peak compressive 
strength of 4.16 MPa, representing a 39.3% increase 
compared to that at 5 °C. For a curing time of 14 d, the peak 
strength occurs at 30 °C, achieving a compressive strength 
of 4.31 MPa, which is 23.1% higher than that at 5 °C. When 
the curing time is extended to 28 d, the maximum strength of 
4.67 MPa is observed at 35 °C, a 29% increase over the 
strength at 5 °C. Analysis of the experimental data reveals 
that while water temperature has a minimal effect on early 
strength, it significantly influences later strength in YG-
MOS foam concrete. 

As the experimental water temperature rises, the strength 
gradually decreases; this is because the temperature within 
the test block becomes too high, causing the reaction rate in 
the system to accelerate excessively. The heat generated in 
the test piece dissipates too slowly, resulting in a loose and 
unstable structure within the test piece, leading to extremely 
low strength. When the water temperature is between 5-15 
°C, the temperature within the sample is low and fails to 
provide a sustained temperature for the reaction within the 
system, leading to a low reaction rate and subsequently low 
sample strength. Conversely, in the experimental 
temperature range of 30 °C to 40 °C, the samples exhibit a 
moderate reaction rate, uniform pore distribution, and high 
strength. 

 
Fig. 2. Compressive strength curves of YG-MOS foam concrete at 
different water temperatures 

 
 

4.2 Effects of water temperature changes on the porosity 
and dry density of YG-MOS foam concrete 
To understand the influence of water temperature on the 
porosity and dry density of YG-MOS foamed concrete, after 
28 d of curing, the 100 mm cube samples were placed in a 
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drying oven and dried until they reached a constant weight. 
Subsequently, the dry density of the samples was calculated 
based on their weight. The samples were then sliced, and the 
sections were photographed. The images were measured and 
analyzed using ImageJ software to obtain the surface 
porosities of the samples. The relationship between the dry 
density and porosity of the samples is depicted in Fig. 3. 
 

 
Fig. 3. Relationship curves between dry density and porosity of YG-
MOS foam concrete at different water temperatures 
 

Fig. 3 illustrates that the dry density curve and porosity 
curve of the samples exhibit opposite growth trends. This 
phenomenon can be attributed to the varying solubilities of 
MgSO4·7H2O in water at different temperatures. When the 
temperature is below 35 °C, MgSO4·7H2O does not fully 
dissolve in water. As the temperature increases, the 
solubility of MgSO4·7H2O gradually improves. This 
increased solubility results in more MgSO4·7H2O 
participating in chemical reactions within the foam concrete 
mixture. Consequently, several effects occur: the viscosity of 
the foam concrete increases, the size of the pores within the 
foam concrete decreases, and as a result, the dry density of 
the sample gradually increases. This trend continues until a 
certain point, after which further temperature increases may 
cause excessive MgSO4·7H2O to dissolve, potentially 
reducing its participation in reactions and thus leading to a 
decrease in dry density. In summary, the complex interplay 
between MgSO4·7H2O solubility, chemical reactions, foam 
viscosity, and pore structure changes with temperature 
accounts for the observed variation in the dry density of the 
samples. 

At 5 °C, the dry density of the sample is 456 kg/m³, 
whereas at 35 °C, the dry density peaks at 501.6 kg/m³, 
representing a 10% increase from the density observed at 5 
°C. According to Chinese standard JG/T 266-2011 Foam 
Concrete, the sample conforms to the A05 dry density grade. 
As for porosity, at 5 °C, it is 67.3%, which decreases as the 
temperature increases. Specifically, at 35 °C, the porosity 
reaches its minimum value of 61.72%, marking an 8.3% 
decrease from that at 5 °C. However, as the temperature 
further increases to 60 °C, the porosity increases to 73.62%, 
which is 19.3% higher than at 35 °C. This variation can be 
attributed to the changing solubility of MgSO4·7H2O with 
temperature. As the temperature rises, the solubility of 
MgSO4·7H2O increases, enhancing the solution 
concentration and potentially reducing the effectiveness of 
the foaming agent. This results in smaller pore sizes at 
intermediate temperatures like 35 °C, where MgSO4·7H2O 
fully dissolves and maximizes the solution concentration. 
However, beyond this optimal temperature, the further 

increase in temperature may stimulate additional foaming 
activity, leading to the formation of larger pores and an 
increase in porosity. 

 
4.3 Effect of water temperature change on thermal 
conductivity of YG-MOS foam concrete 
The thermal conductivity of the sample, cured for 28 d, is 
measured as shown in Fig. 4. The thermal conductivity of 
the sample tends to increase until the water temperature 
reaches 35 °C. After that, the thermal conductivity of the 
sample initially increases notably but then decreases as the 
water temperature further increases. 

 
Fig. 4. Thermal conductivity curve of YG-MOS foam concrete at 
different water temperatures 

 
The experimental results show that as the water 

temperature increases, the solubility of MgSO4·7H2O 
enhances, leading to an increase in the viscosity of the 
cement paste and a decrease in the foaming rate. 
Consequently, the pore size and porosity of the bubbles 
within the specimen decrease, contributing to an increase in 
the thermal conductivity of the specimen. At 35 °C, 
MgSO4·7H2O is fully dissolved in the water. Beyond this 
point, as the water temperature continues to rise, the foaming 
rate increases, resulting in larger bubble pore sizes and 
higher porosity in the sample. These changes gradually 
decrease the thermal conductivity of the sample, which 
aligns with the previous analysis regarding the effects of 
time, porosity, and pore size. 
 
4.4 Effect of water temperature change on the pore size 
of YG-MOS foam concrete 
After the sample was cured for 28 d, it was sliced, and the 
section was photographed. A uniform area of the cellular 
structure was selected, and a 30 mm × 30 mm image was 
intercepted. ImageJ software was utilized to measure and 
analyze the intercepted images. Fig. 5 depicts the 
relationship between the average pore diameter and the 
standard deviation of YG-MOS foam concrete at varying 
water temperatures, while Fig. 6 illustrates the pore size 
distribution. 

Figs. 5 and 6 reveal that both the average pore diameter 
and the standard deviation initially decrease and then 
increase with the rise in water temperature. At 5 °C, the 
average pore diameter measures 2.22 mm. As the 
experimental water temperature escalates, this diameter 
decreases, attaining a minimum of 1.84 mm at 35 °C, which 
is 16.8% lower than the value at 5 °C. Correspondingly, the 
standard deviation of the pore diameter reaches its nadir, 
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signifying more uniform pore sizes and a denser, more 
homogeneous structure within the sample. This observation 
is congruent with the analysis of compressive strength and 
dry density. 

 
Fig. 5. Relationship curves between mean aperture and standard 
deviation of pore size of YG-MOS foam concrete 
 

 
(a) 5 °C                                                 (b) 15 °C 

 
(c) 25 °C                                                (d) 35 °C 

 
(e) 45 °C                                                (f) 60 °C 

Fig. 6. Distribution of pore size of YG-MOS foam concrete at different 
water temperatures 

 
However, beyond 35 °C, as the temperature continues to 

soar up to 60 °C, the trend reverses. This phenomenon can 
be attributed to the complete dissolution of MgSO4·7H2O in 
water at 35 °C. With further temperature increases, the 
reaction rate of the foaming agent accelerates, enhancing the 
rate of bubble formation and leading to the emergence of 
numerous large-aperture bubbles. The presence of these 

large bubbles disrupts the uniformity of pore distribution 
within the sample, causing an increase in porosity and dry 
density, while simultaneously decreasing the compressive 
strength at 60 °C. Both the average pore diameter and its 
standard deviation peak at their maximum values at this 
temperature, with the mean pore diameter reaching 2.32 mm, 
a 25.7% surge from the value at 35 °C. This enlargement of 
pore diameter, coupled with a decrease in sample density 
and uneven local bubble distribution, contributes to the 
decline in compressive strength and dry density, and an 
elevation in porosity, all of which align with the analysis of 
the previously mentioned experimental outcomes. 
 
4.5 XRD analysis of YG-MOS foam concrete under 
different water temperatures 
The XRD analysis results of YG-MOS foamed concrete, 
after 28 d of curing in air at various experimental water 
temperatures, are presented in Fig. 7.  

 
Fig. 7. XRD patterns of YG-MOS foam concrete at different water 
temperatures 
 

According to the XRD analysis, the hydration products 
of YG-MOS foamed concrete are primarily constituted by a 
small amount of a 5-phase mixture comprising Mg(OH)2, 
MgCO3, MgO, CaSO4·2H2O, and a trace of magnesium 
silicate hydrate. This 5-phase blend serves as the primary 
hydration product in the ternary system, characterized by its 
stable structure. Conversely, the 3-phase material is 
metastable under ambient temperature curing conditions and 
fails to maintain stability. Consequently, MOS exhibits a 
porous, loose morphology dominated by Mg(OH)2. MgO 
originates from the experimental raw material, while 
CaSO4·2H2O stems from YG. MgCO3 is generated through 
the interaction of Mg(OH)2 with CO2 present in the air. 
Additionally, hydrous magnesium silicate arises from the 
reaction between SiO2 in YG and a minute quantity of 
dolomite present in the raw material. The reaction equation 
governing this process is provided in Eq. (1). interests of 
leading members. 

 
                                 (1) 

 
As the experimental water temperature increases, the 

intensity of the diffraction peak for the 5-phase product at 
2θ=17.82° gradually decreases, initially starting from an 
intensity higher than that of the Mg(OH)2 diffraction peak at 

2θ=18.62°, until it falls below the intensity of the Mg(OH)2 
peak and eventually disappears. Similarly, the intensity of 
the MgCO3 diffraction peak at 2θ=32.71° also gradually 
decreases. Notably, at 5 °C, the intensity of the MgCO3 

¯+­+®++ 3221042223 3CaCO3CO(OH)OMgSi4SiOOH)CaMg(CO3
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diffraction peak exceeds that of the Mg(OH)2 peak at 
2θ=32.71°. However, as the temperature rises, the MgCO3 
peak intensity gradually diminishes to a level below that of 
Mg(OH)2. Interestingly, at 30 °C, there is an increase in the 
intensity of the MgCO3 diffraction peak, which coincides 
with a change in the strength of the sample. As the 
temperature continues to elevate, the number of phases 
present in the sample, particularly Mg(OH)2 and MgCO3, 
gradually decreases, with Mg(OH)2 emerging as the 
dominant component. Consequently, this transformation 
leads to a decrease in the strength of the sample. 
 
4.6 SEM analysis of YG-MOS foam concrete under 
different water temperatures 
The scanning electron microscopy results of YG-MOS 
foamed concrete are shown in Fig. 8. The water 
temperatures corresponding to Figs. 8(a), 8(b), 8(c), and 8(d) 
are 5 °C, 35 °C, 50 °C, and 60 °C, respectively. When the 
water temperature is 5 °C, as shown in Fig. 8 (a), the overall 
structure of the sample is primarily composed of needle-like 
5-phase crystals and flake-like Mg(OH)2. The needle-like 
crystals are shorter, cross-distributed, and disordered. A 
minimal quantity of flake-like Mg(OH)2 combines with the 
needle-like 5-phase crystals and fills the gaps between them, 
which is the main contributor to the strength of the structure. 
However, the structure appears loose, leading to a low 
strength of the sample. 
 

 
(a) 5 °C                                           (b) 35 °C 

 
(c) 50 °C                                      (d) 60 °C 

Fig. 8. SEM images of YG-MOS foam concrete at different water 
temperatures 

When the water temperature is increased to 35 °C, as 
shown in Fig. 8(b), the needle-like 5-phase crystals combine 
with the flake-like Mg(OH)2, resulting in increased crystal 
length and a cross-arranged structure. This leads to a denser 
overall structure and an increase in the strength of the 
sample. At 50 °C, as depicted in Fig. 8(c), the structure is 
predominantly composed of flake-like, petal-like, and 
cluster-like Mg(OH)2, with very few 5-phase crystals 
present. Petal-like Mg(OH)2 forms the main material and lies 
flat on the surface. Cluster-like Mg(OH)2 is distributed 
within the petal-like Mg(OH)2, and a minimal quantity of 
flake-like Mg(OH)2 is dispersed between the petal-like 
structures. The arrangement is not tightly packed, with 
minimal crossover between the different forms of Mg(OH)2. 
This results in a relatively loose overall structure. The 
structural strength is primarily provided by flake-like and 
petal-like Mg(OH)2, contributing to a lower overall strength 
of the sample. 

Finally, when the water temperature reaches 60 °C, as 
seen in Fig. 8(d), many cluster-like and petal-like Mg(OH)2 

structures are cross-arranged, with a minimal quantity of 
flake-like Mg(OH)2 present within the cluster-like structures. 
The needle-like 5-phase crystal is not observable in the 
image. The structural strength is primarily provided by 
cluster-like and petal-like Mg(OH)2, and the presence of 
gaps between Mg(OH)2 further reduces the structural 
strength. 

 
 

5. Conclusions 
 
To promote the concept of green environmental protection 
and address the issues of land occupation and environmental 
pollution caused by the inadequate disposal of YG, an 
experimental study was conducted on the performance of 
YG-MOS foamed concrete at various water temperatures. 
The compressive strength, thermal conductivity, porosity, 
pore size, and microscopic mechanisms were analyzed. The 
main conclusions are obtained as follows: 

(1) The influence of water temperature on the 
compressive strength of YG-MOS foamed concrete varies 
across different curing periods. Initially, over the first 24 h 
and up to 3 d, the change in strength is not pronounced. 
However, after 7 d of curing, the compressive strength of the 
samples initially increases but then decreases with increasing 
water temperature. Specifically, at 28 d of curing, the 
strength at 35 °C is 29% higher than that of samples cured at 
5 °C. Above 35 °C, the compressive strength tends to 
decrease with further increases in temperature. Notably, at 
temperatures exceeding 45 °C, the compressive strength falls 
below that achieved at the initial experimental water 
temperature of 5 °C. 

(2) The thermal conductivity of the samples initially 
increases and then decreases. At 35 °C, the maximum 
thermal conductivity is 0.2216 W/mK. If better thermal 
insulation performance is required, the water temperature 
can be reduced to achieve it. As the water temperature 
increases, both the average and standard deviation of the 
pore diameter of the samples initially decrease but then 
increase. At 35 °C, both reach their minimum values, with a 
mean pore size of 1.84 mm. At this point, the pore size 
distribution of the samples is the most uniform, resulting in 
favorable physical properties. 

(3) As the water temperature increases, the dry density 
and porosity of the samples exhibit opposing trends. 
Initially, the porosity decreases and then increases with 
increasing water temperature. At 35 °C, the porosity reaches 
its minimum value of 61.72%. Conversely, the dry density 
first increases and then decreases with increasing water 
temperature. Specifically, at 35 °C, the dry density of the 
samples is 501.6 kg/m³, meeting the A05 dry density grade 
standards. These observations suggest that controlling the 
water temperature to approximately 35 °C can optimize the 
porosity and dry density of the samples. 

(4) As the experimental water temperature increases, the 
XRD diffraction peak of the 5-phase product gradually 
weakens, while the peak of Mg(OH)2 increases in intensity. 
The increase in experimental water temperature affects the 
crystal structure of the cementitious material. The structure 
of the samples gradually changes from a 5-phase structure to 
a magnesium hydroxide-dominated structure, which reduces 
the strength of the samples. When the temperature is 
between 5 °C and 35 °C, with increasing water temperature, 
the number and length of needle-like 5-phase structures in 
the samples increase. The Mg(OH)2 and 5-phase structures 
combine to form a denser framework, leading to an increase 
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in compressive strength. As the experimental water 
temperature increases further, between 35 °C and 60 °C, the 
content of 5-phase structures in the samples gradually 
decreases, while the content of flake, cluster, and petal-
shaped Mg(OH)2 increases significantly. 

This research demonstrates that a change in water 
temperature has a significant effect on the performance of 
YG-MOS foamed concrete. An appropriate water 
temperature can significantly enhance the behavior of YG-
MOS foamed concrete. The incorporation of YG into MOS 
foamed concrete provides a novel approach for the treatment 
of YG as an industrial solid waste, which is conducive to 
promoting the concept of green environmental protection. 
Further studies are needed to investigate the influence of 
different YG contents and types of modifiers on YG-MOS 
foamed concrete. The next steps involve two main aspects: 
investigating the impact of varying YG contents on YG-

MOS foamed concrete and examining the effects of different 
modifiers on the performance of YG-MOS foamed concrete. 
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