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Abstract: To realize the recycling of iron tailings powder
(IP) and desulfurization ash (DA) and reduce the high pre-
paration cost of mine filling cementitious materials (MCs),
this article adopts sodium carbonate (SC) as an activator to
prepare iron tailings powder-desulfurization ash mine
filling cementitious materials (IDMC). The effects of IP con-
tent, DA content, SC content, and mirabilite content on the
mechanical properties and setting time are experimentally
investigated. The micromorphology and phase compositions
of the hydration products of IDMC are analyzed and char-
acterized by scanning electron microscopy and X-ray dif-
fraction. The results show that the initial setting time of
the IDMC is reduced by 0.87 and 21.83% when the mirabilite
content is increased from 0 to 1% and 2%, respectively, and
the compressive and flexural strengths of the IDMC are
increased by 24.01 and 86.25% when the IP content is
increased from 0 to 20%, respectively. The IP not only parti-
cipates in the hydration reaction but also plays an aggregate
filling effect, significantly improving the mechanical proper-
ties of the IDMC. The pozzolanic effect is gradually enhanced
with the increase of the DA content, and the hydration
degree of the IDMC increases. The SC as an activator can
moderately reduce the shrinkage rate of the IDMC. Based on
the multi-index optimization analysis, the optimal mix pro-
portion of the IDMC is obtained, which provides an effective
reference for the preparation of the novel MC.

Keywords:mine filling, cementitious material, iron tailings
powder, desulfurization ash, setting time, mechanical
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Abbreviations

IP Iron tailings powder
DA Desulfurization ash
MC Mine filling cementitious materials
SC Sodium carbonate
IDMC Iron tailings powder-desulfurization ash mine

filling cementitious materials
SEM Scanning electron microscopy
XRD X-ray diffraction
C–S–H Calcium silicate hydrated
AFt Ettringite
C3S Tricalcium silicate
C3A Tricalcium aluminate

1 Introduction

Iron tailings are solid waste produced by mineral proces-
sing. Continuous exploitation of mineral resources has led
to the accumulation of a large amount of iron tailings, and
the current global available iron tailings output is approxi-
mately 2.5 billion tons [1]. Waste iron tailings occupy a lot
of land, pollute the surrounding ecological environment,
and require expensive processing and maintenance costs.
Similarly, another type of industrial solid waste, desulfur-
ization ash (DA), which also has a massive accumulation, is
produced in dry or dry flue gas desulphurization of coal-
fired boilers [2,3]. Due to the significant amount of unstable
calcium sulfite in its composition, its application in engi-
neering fields is greatly limited [4]. Therefore, how to rea-
sonably and effectively use these two solid waste resources
has become a widespread concern and an urgent problem
to be solved.
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Iron tailing sand has a similar physical morphology
and mechanical properties to natural sand. The existing
studies confirmed that it was feasible to substitute iron
tailing sand for natural sand as fine aggregate in mortar
and concrete [5–13]. Meanwhile, iron tailings powder (IP)
with a small particle size could be used to prepare cemen-
titious materials [14–17]. Deng et al. [18] mixed ultra-fine
tailings and cement at a ratio of 1:3–1:8 to prepare under-
ground filling cementing materials that met mining tech-
nique requirements. To protect the mining environment
and maximize the recovery of waste tailings, Lu et al.
[19] backfilled abandoned tailings as cement slurry in
underground mines and open pit mines. The solid content
of the cemented paste backfill was 72%, and the cement-
tailings ratios were 1:8, 1:10, and 1:20. Shirengou Iron Mine
has achieved 100% abandoned tailings recovery rate by
adopting the new procedure. Chu et al. [20] prepared
mine filling cementitious materials (MC) by mixing river
sediment, IP, and calcium carbide slag. The results showed
that the slump value was 160 mm and the 7 days uncon-
fined compressive strength was 2.8 MPa, which met the
requirements of mine filling. These existing studies con-
firmed the feasibility of preparing MC with iron tailings;
however, the defects of the prepared MC with a large
shrinkage rate and high preparation cost greatly limited
its wide application and development in engineering [21,22].

Under the action of activator, the DA underwent hydra-
tion reaction to generate calcium silicate hydrated (C–S–H)
and ettringite (AFt), which could effectively improve the
early strength of the cementitious materials and reduce
the water absorption and porosity of the materials [23–27].
Li et al. [28] modified the DA by the chemical activation
method, and the particle size distribution of the modified
DA was effectively optimized, and its water requirement
was significantly reduced. The 28 days strength of mortar
was equal to that of Portland cement when the content of
the DA was not less than 10%. Wang et al. [29] used the
activator to activate the pozzolanic activity of the DA to
prepare DA mortar and demonstrated that the 7 and 28
days compressive strengths of cementitious materials could
reach 20 and 22.3 MPa, respectively. These investigations
confirmed that the DA cementitious materials prepared
with appropriate activators could obtain favorable mechan-
ical properties. However, the use of alkaline activator would
increase the shrinkage of the cementitious material [30].

In recent years, scholars prepared cementitious mate-
rials by reasonably mixing discarded IP and DA, carried out
the corresponding research onmechanical properties [31–33],
and found that IP and DA could be used as cementing com-
ponents and reasonable mixing could improve the mechan-
ical properties of cementitious materials. However, these

limited investigations did not consider the effects of activators
but only produced cementing materials by partially substi-
tuting cement with mixed solid waste materials. In view of
the positive effect of the activator, Frasson and Rocha [34]
studied the performance of sodium carbonate (SC)-activated
slag materials and demonstrated that SC as an activator could
efficiently improve the mechanical properties and moder-
ately reduce the shrinkage rate of cementitious material.

To realize the reuse of industrial waste recourse and
reduce the preparation cost of the MC, the IDMC was pre-
pared with SC as an activator. The effects of IP content, DA
content, SC content, and mirabilite content on the mechan-
ical properties and setting time of the IDMC were experi-
mentally analyzed. The micro morphology and phase
compositions of hydration products were investigated.
This study attempts to address the recycling and utilization
of the IP and DA solid wastes. The cementitious properties
and early strength of IP mortar can be improved by the
incorporation of the DA, and the increased activator will
accelerate the early hydration reaction rate of the cemen-
titious materials, improve the early mechanical strength,
and simultaneously reduce the preparation costs, which
provides a newmethod for the preparation of MC. An over-
view of the different sections of this study is shown in
Figure 1.

2 Experimental scheme

2.1 Raw materials

Raw materials include IP, DA, slag powder, SC, mirabilite,
and water, as depicted in Figure 2. The chemical composi-
tions of IP, DA, and slag powder are listed in Tables 1–3,
respectively. For IP and DA, the high proportions of SiO2

and Al2O3 in the chemical composition indicate the cemen-
titious activity. The chemical composition of slag powder is
mainly SiO2, Al2O3, CaO, and MgO, which provides the fea-
sibility as cementitious components. Table 4 lists the mor-
phology and performance indexes of raw materials.

2.2 Experimental design

To analyze the effects of the IP content, DA content, SC
content, and mirabilite content on the mechanical proper-
ties and setting time of the IDMC, an orthogonal experi-
ment with four factors and three levels was designed, as
shown in Table 5. The IP content, DA content, SC content,
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and mirabilite content were factors A, B, C, and D, respec-
tively. The K1, K2, and K3 of factor A were 0, 20, and 40%,
respectively. The K1, K2, and K3 of factor B were 0, 5, and
10%, respectively. The K1, K2, and K3 of factor C were 0, 1,
and 2%, respectively. The K1, K2, and K3 of factor D were 0,
1, and 2%, respectively.

2.3 Specimen preparation and testing

First, the IP, DA, and slag powder were poured into a mixer
and mixed for 1 min at low speed to make the powder
uniformly compounded. Then, the appropriate amount of
water was poured and mixed at low speed for 2 min. After

IDMC

Introduction

Experimental scheme

Raw materials Experimental design
Specimen preparation 

and testing

Multi-index 
optimization analysis

Experimental result analysis
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Figure 1: An overview of the different sections.

Figure 2: Raw materials of the IDMC: (a) IP, (b) DA, (c) slag powder, (d) SC, and (e) mirabilite.
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the slurry was stable and uniform, SC, mirabilite, and the
remaining water were added and stirred at high speed for
3 min. Finally, the slurry was poured into a triple steel
mold with a size of 40 mm × 40mm × 160mm. After
marking, the samples were stored in the maintenance
room for standard curing at 20 ± 3°C and a relative
humidity of not less than 90%. The preparation process
of the IDMC is shown in Figure 3.

The initial setting time of the IDMC was tested following
the Chinese standard “Test methods for water requirement
of normal consistency, setting time and soundness of the
Portland cement” GB/T1346-2011 [35]. The 28 days compres-
sive and flexural tests were conducted according to the
Chinese standard GB/T17671-2021 [36]. YAW-200B testing
machine and DKZ-5000 testing machine were used to mea-
sure the compressive strength and flexural strength of the
samples, respectively, as shown in Figure 4. According to the
characteristics of the sample material, the flexural testing
machine was uniformly loaded at a loading rate of 50 ± 10 N/s
until the samples were broken. The compression testing
machine was uniformly loaded at a loading rate of 1.5 ±

0.125MPa/s until the samples failed. The load–displacement
curves of the samples for compressive and flexural tests are
shown in Figures 5 and 6, respectively. To investigate the
hydration mechanism of the IDMC, the D8ADVANCE X-ray
diffraction (XRD) and SU8220 scanning electron microscopy
(SEM) were employed to analyze the phase composition and
micromorphology of the IDMC at 28 days curing. Table 5 lists
the results of initial setting time, 28 days compressive
strength, and flexural strength of the samples.

Table 1: The chemical compositions of the IP (%)

SiO2 Al2O3 Fe2O3 CaO MgO P2O5 K2O Na2O MnO TiO2

61.63 16.22 11.09 6.35 2.86 0.62 0.32 0.29 0.28 0.17

Table 3: The chemical compositions of slag powder (%)

CaO SiO2 Al2O3 MgO S Na2O TiO2 K2O Fe2O3 MnO

38.06 35.06 17.12 6.20 1.33 1.32 1.07 0.93 0.32 0.30

Table 4: Main technical indexes of material

Material Main technical feature

IP Appearance: gray powder
Density: 2.73 g/cm3

Bulk density: 1,500 kg/m3

Specific surface area: 371–466 m2/g
Moisture content: 0.91
Particle size: 28.0–164.5 μm
Fineness modulus: 2.178

DA Appearance: light brown powder
Density: 2.76 g/cm3

Bulk density: 996 kg/m3

Specific surface area: 536 m2/g
Moisture content: 0.89
Particle size: 1.2–4.4 μm

Slag powder Appearance: white powder
Density: 2.65 g/cm3

Bulk density: 982 kg/m3

Specific surface area: 345–456 m2/g
Moisture content: 0.77
Particle size: 21.0–60 μm

SC Appearance: white powder
Density: 2.52 g/cm3

Specific surface area: 268 m2/g
Na2CO3 content: 99.5%
Melting point: 318°C
Water-solubility: 51 g (20°C)

Mirabilite Appearance: white crystalline powder
Density: 2.68 g/cm3

Specific surface area: 997 m2/g
Na2SO4·10H2O content: 98%
Melting point: 884°C
Water-solubility: 185 g (20°C)

Table 2: The chemical compositions of the DA (%)

SiO2 Al2O3 CaO SO3 MgO Fe2O3 Na2O Cl TiO2 I

36.23 23.36 17.56 10.24 6.86 1.62 1.32 1.29 0.98 0.54
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3 Experimental result analysis

3.1 Initial setting time

The impact of various factors on the initial setting time is
analyzed in this section. Figure 7 presents the initial setting
time of the IDMC at different influencing levels. Figure 8

analyzes the range and variance of the IDMC initial setting
time. Clearly, the influence degree of each factor on initial
setting time is as follows: D > A > C > B.

Mirabilite content D exerts the greatest influence on
the initial setting time. The initial setting time of the IDMC
decreased as the mirabilite content increased. This is
because the dissolution rate of the mirabilite is faster,

Table 5: Orthogonal experiment (L9(43))

Group A B C D Slag powder (%) Initial setting
time (min)

28 days compressive
strength (MPa)

28 days flexural
strength (MPa)

1 0 0 0 0 100 335 3.81 0.68
2 0 5 1 1 93 324 4.28 0.9
3 0 10 2 2 86 256 4.04 0.83
4 20 0 1 2 77 252 5.17 1.57
5 20 5 2 0 73 334 4.85 1.28
6 20 10 0 1 69 346 5.01 1.61
7 40 0 2 1 57 361 3.04 0.61
8 40 5 0 2 53 305 3.23 0.77
9 40 10 1 0 49 371 3.42 0.84

Iron tailing powder Desulfurization ash Slag powder

Stir for 1 min

Water

Stir for 2 min Stir for 2 min

Sodium carbonate Mirabilite Water

Steel mold

Curing

(20± 3)°C

Relative humidity ≥90%

Specimen

Cement consistency

setting test

Flexural

strength test

Compression

strength test

0

Figure 3: Preparation flowchart of the IDMC.
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and the depolymerized Ca2+ in the IDMC reacts with −
SO4

2 in
mirabilite to produce CaSO4 precipitation and a large
amount of Na+. The vitreous depolymerization of IP, slag
powder, and DA can be accelerated by forming an alkaline

environmental solution. Meanwhile, the hydration of tri-
calcium silicate (C3S) and tricalcium aluminate (C3A) can
also be accelerated, and some hydration products react
with NaSO4 in the mirabilite to generate AFt, which further
promotes the hydration reaction of the IDMC, resulting in a
shorter initial setting time of the IDMC. Comparatively, the
A, B, and C have a little impact on the initial setting time of
the IDMC. When the content of DA, SC, and IP is 0, 1, and
20%, respectively, the initial setting time of the IDMC is the
shortest. To reduce the initial setting time of the IDMC and
to improve its early strength, the mixing proportion of the
IDMC with the shortest initial setting time is AK2BK1CK2DK3.

3.2 Compressive strength

Figure 9 illustrates the 28 days compressive strength of the
IDMC at different influencing levels. Figure 10 analyzes the
variance and range of the 28 days compressive strength of
the IDMC. As can be seen from the figure, the influences of

Figure 4: Mechanical properties testing apparatus: (a) cement consistency setting tester, (b) compression testing machine, and (c) flexural strength
tester.
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Figure 5: Load–displacement curves of the samples for compression
tests.
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Figure 6: Load–displacement curves of the samples for flexural tests.
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Figure 7: The initial setting time at different levels.
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various factors on 28 days compressive strength are dif-
ferent from those of the aforementioned setting time, as
follows: A > C > B > D. The IP content shows the greatest
influence on the 28 days compressive strength of the IDMC.
Apparently, with the increase of the IP content, the 28 days
compressive strength of the IDMC increases and then

decreases. When the content of IP is 20%, the 28 days com-
pressive strength reaches the maximum. The IP plays the role
of aggregate filling, reducing porosity, and improving com-
pressive strength. However, the cementitious activity of IP is
much smaller than that of slag micro powder. With the
increase of the IP content, the C–S–H gels generated by the
hydration of slag powder are reduced. The IP particles cannot
be completely wrapped by C–S–H gels, and the internal com-
pactness of samples reduces, thereby decreasing 28 days com-
pressive strength. However, the 28 days compressive strength
of the IDMC is almost not affected by the B, C, and D. When
the contents of DA, SC, and mirabilite is 10, 1, and 2%, respec-
tively, the 28 days compressive strength is the largest. The
optimum mixing ratio for the samples to achieve maximum
compressive strength is AK2BK3CK2DK3.

3.3 Flexural strength

The 28 days flexural strength of the IDMC at different influ-
encing levels is shown in Figure 11. The range and variance
analysis of the 28 days flexural strength of the IDMC are
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Figure 9: The 28 days compressive strength at different levels.
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shown in Figure 12. The influence degree of various factors
on the 28 days flexural strength of the IDMC is as follows:
A > C > B > D. Similarly, with the increase of the IP content,
the 28 days flexural strength of the IDMC increases and then
decreases. When the content of the IP is 20%, the pozzolanic
activity and aggregate filling effect of the IP are fully devel-
oped. With the continuous increase of the IP content, the
free water content in the samples decreases, the bond
strength gradually reduces, and cracks occur in the samples
prematurely, resulting in a lower flexural strength. In con-
trast, the B, C, and D have little influence. According to the
analysis, the maximum 28 days flexural strength of the
IDMC is obtained when the content of DA is 10%, SC is 1%,
and mirabilite is 2%. The optimum mixing ratio for the
sample to reachmaximum flexural strength is AK2BK3CK2DK3.

3.4 Multi-index optimization analysis

Based on the results of the orthogonal tests, a multi-index
optimization analysis is performed to optimize the indexes

of the IDMC. According to the orthogonal test results of the
IDMC initial setting time, 28 days compressive strength,
and flexural strength, a three-layer structural model con-
sisting of indexes, factors, and levels is established, as
shown in Table 6. The influence weight of each factor level
on the test results is calculated by this model, and then the
optimal scheme of orthogonal test and the primary and
secondary order of influencing factors are determined. In
this study, m factors are assumed to be considered in the
orthogonal tests, each factor has n levels, and the average
value of the orthogonal test indexes at the jth level of factor
Ai is Kij.

If the test indexes are the smaller, the mechanical
properties are better, then let =K K1/ij ij, the matrix
M is established. On the basis of the index layer, let

= ∑ =T K1/i j

n

ij1 , where ∑ = Kj

n

ij1 is the sum of the arithmetic
mean of the test results of each level of an index, then
the factor matrix T is established. Set si as the range of Ai

levels, let = ∑ =S s s/i i i

m

i1 , the level matrix S is established. The
weight matrix =L MTS is established, and the total weight
matrix of multi-index evaluation is defined as the average

of the each index weight, = ⋅∑ =L L
m i

m

a

1

1 . The level corre-
sponding to the maximum value in each factor in the
matrix La is the best level of the factor.

Let the index layer matrix of the initial setting time of
the IDMC be M1, the factor layer matrix be T1, the hori-
zontal layer matrix be S1, and the weight matrix be L1, as
follows:
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Figure 11: The 28 days flexural strength at different levels.
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Figure 12: Range and variance analysis of 28 days flexural strength: (a) range analysis and (b) variance anlysis.

Table 6: Three-layer structure model

Index Initial
setting time

28 days compressive
strength

28 days flexural
strength

Factor A B C D
Level 0, 20, 40% 0, 5, 10% 0, 1, 2% 0, 1, 2%
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Establishing the above similar matrix, M2, T2, and S2
for 28 days compressive strength andM3, T3, and S3 for 28
days flexural strength of the IDMC, and the weight
matrices of the 28 days compressive strength and flex-
ural strength of the IDMC are obtained as L2 and L3, as
follows:

=
= [

]

L M T S

0.2481 0.3077 0.1984 0.0207 0.0213 0.0215

0.0430 0.0460 0.0425 0.0167 0.0170 0.0172 ,
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T

(5)

=
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]

L M T S

0.1637 0.3048 0.1514 0.0364 0.0375 0.0418

0.0556 0.0600 0.0496 0.0304 0.0340 0.0347 ,
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T
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=
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L
L L L
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a
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T
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T

(7)

From the aforementioned matrix calculations, it is
clear that the main order of the factors affecting the
index values of the orthogonal tests is A > D > C > B.
The factors AK2, BK3, CK2, and DK3 have the greatest
weights; thus, the optimal proportion of the IDMC is
determined as AK2BK3CK2DK3. The contents of IP, DA, SC,
mirabilite, and slag powder are 20, 10, 1, 2, and 67%,
respectively. According to the proportions of the IDMC,
the initial setting time is 270 min, and the 28 days
compressive strength and flexural strength of the IDMC
are 5.97 and 1.87 MPa, which meets the mine filling
requirements.

4 Micro structure analysis of
the IDMC

4.1 XRD analysis

Figure 13 shows the XRD diagram of the IDMC at different
influencing levels. As shown in Figure 13(a), when the con-
tent of the IP is 20%, the intensity of characteristic peak of
Ca(OH)2 and AFt are the highest. The IP contains a lot of
active SiO2 and Al2O3. In the alkaline environment, Ca(OH)2
reacts with the active material to produce C–S–H gels and
AFt. According to the XRD semi-quantitative analysis, when
the IP content is 20%, the mass fraction of SiO2 in the matrix
of the IDMC is the smallest. Compared with the sample with
40% content of the IP, themass fraction of SiO2 in the sample
with 20% IP content is decreased by 5.8%, and the cementi-
tious activity of the IP is fully stimulated.

As shown in Figure 13(b), as the DA content increases,
the intensity of AFt characteristic peak gradually increases,
and the intensity of Ca(OH)2 characteristic peak gradually
decreases. In the alkaline solution, the chemical bonds of
Si–O and Al–O break to form Ca2+, [SiO4]4−, and [AlO4]5−

ionic groups. [SiO4]4− and [AlO4]5− further hydrate to form
C–S–H gels and hydrated calcium silicoaluminate. Mean-
while, the diffusion rate of −

SO4

2 accelerates and it reacts with
Ca(OH)2 to generate AFt. According to the XRD semi-quanti-
tative analysis, with the increase of the DA content, the mass
fraction of SiO2 in the matrix of the IDMC shows a downward
trend. When the content of DA is 0, 5, and 10%, the mass
fraction of SiO2 is 80.3, 77.1, and 76.7%, respectively. As the
DA content increases, the pozzolanic effect strengthens gra-
dually, and the hydration degree of the IDMC is enhanced.

Figure 13(c) shows that with the increase in the SC
content, the intensity of CaCO3 and Ca(OH)2 characteristic
peaks increases gradually, and the intensity of the AFt
characteristic peak increases and then decreases. The SC
is easily soluble in water and hydrolyzes in the aqueous
solution to produce HCO3− and OH−, increasing the PH
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value of the solution. In the alkaline environment, the vitr-
eous depolymerization of the IP and DA is accelerated, and
AFt and C–S–H gels are further generated. Ca2+ generated
during vitreous depolymerization reacts with −

CO3

2 to form
CaCO3 precipitation, which increases the intensity of CaCO3

characteristic peak. With the increase of SC, the CaCO3 pre-
cipitation is adsorbed on the surface of the silica gels, slowing
down the hydration reaction. Through the XRD semi-quanti-
tative analysis, with the addition of the SC content, the mass
fraction of SiO2 in the matrix of the IDMC decreases and then
increases. Compared with a 0% content of the SC, the mass
fraction of SiO2 decreases by 1.2% at 1% SC, and the cementi-
tious activity of the IP and DA is fully stimulated at 1%.

According to Figure 13(d), with the increase of the mir-
abilite content, the intensity of the AFt characteristic peak
gradually increases, and the intensity of Ca(OH)2 charac-
teristic peak gradually decreases. In the early stages of
hydration, mirabilite can effectively improve the ionic
strength in the liquid phase. −

SO4

2 reacts with Ca2+, Al3+,
and OH− dissolved in the cementitious components to
form AFt, which accelerates the setting and hardening of
the IDMC. Through the XRD semi-quantitative analysis, as
mirabilite content increases, the mass fraction of SiO2 in
the matrix of the IDMC shows a downward trend. When

the content of the mirabilite is 0, 1, and 2%, the mass frac-
tion of SiO2 is 78.3, 75.6, and 74.0%, respectively. The hydra-
tion degree of the IP and DA is improved by increasing the
mirabilite content.

4.2 SEM analysis

The micro morphology of the IDMC under different IP con-
tents is shown in Figure 14. Compared with the 0% content
of IP, the cementite matrix is mainly occupied by C–S–H
gels, and the interface structure is denser when the IP
content is 20%. When the content of IP is 40%, the slurry
structure is relatively loose, the size of the interface hole is
large and the distribution is uneven. The interfacial bond
strength of the slurry is 20% > 0% > 40%.

Figure 15 depicts the micro morphology of the IDMC
under different DA contents. When the content of DA is 0%,
the interface structure is uneven, and the unhydrated slag
particles are closely embedded in the hydration products.
When the content of DA is 10%, the interface structure is
relatively smooth without obvious protrusion, and a large
amount of C–S–H gels and AFt are generated. The interfa-
cial bond strength of the slurry is 10% > 5% > 0%.

Figure 13: XRD analysis under the influence of various factors: (a) IP content, (b) DA content, (c) SC content, and (d) mirabilite content.
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Figure 16 shows the micro morphology of the IDMC at
various SC contents. When the content of SC is 0%, there
are a large amount of non-hydrated cementitious compo-
nents in the interface, fewer hydration products, and a
quite loose interface structure. When the content of SC is
1%, a large amount of C–S–H gels and AFt are formed, and
the interface structure is relatively tight. When the content
of SC is 2%, the hydration products are relatively few, the
crystal size of AFt is small, the interface structure is loose,
and the number of pores is large. The interfacial bond
strength of the slurry is 1% > 2% > 0%.

The micro morphology of the IDMC under different
mirabilite contents is shown in Figure 17. When the content
of mirabilite is 0%, C–S–H gels and columnar AFt are the
main hydration products. The interface structure is dense,
and no obvious cracks are observed. When the content of
mirabilite is 1%, needle-like AFt is generated and filled in
the pores between cementitious material particles. Mean-
while, a small amount of amorphous C–S–H gels on the sur-
face of slag. When the content of mirabilite is 2%, a large
amount of dense C–S–H gels are produced. Needle-like AFt
crystals grow further in number and size, cross-filling larger
pores and forming a compact mesh structure. The interfacial
bond strength of the slurry is 1% > 2% > 0%.

5 Conclusions

This article presents the effects of IP content, DA content,
SC content, and mirabilite content on mechanical proper-
ties and setting time of the IDMC. The micro morphology
and phase composition of the hydration products are
revealed. The following conclusions can be drawn.
1) The mirabilite content exerts the greatest influence on

the initial setting time of the IDMC, and the addition of
mirabilite can significantly reduce the initial time. As mir-
abilite content increases from 0 to 1% and 2%, the initial
setting time of the IDMC is reduced by 0.87 and 21.83%,
respectively. This is due to the fact that the increase of
the mirabilite increases the hydration of IP and DA.

2) The IP content shows the greatest influence on 28 days
compressive strength and flexural strength of the IDMC.
With the increase of IP content, the 28 days compressive
strength and flexural strength increase and then decrease.
As the IP content increases from 0 to 20%, the compressive
strength and flexural strength of the IDMC are increased
by 24.01 and 86.25%, respectively. As the IP content
increases from 20 to 40%, the compressive strength
and flexural strength of IDMC are decreased by 35.53
and 50.34%, respectively.

3) According to the microscopic analysis, with the increase
of the DA content, the pozzolanic effect is enhanced gra-
dually, and the hydration degree of the IDMC is pro-
moted. The SC hydrolyzes and generates −

HCO3 and
OH−, which provides an alkaline environment for the
hydration reaction of the IDMC.

4) Based on multi-index optimization analysis, the optimum
mix proportion of the IDMC is determined as the content
of IP is 20%, DA is 10%, SC is 1%, mirabilite is 2%, and slag
powder is 67%.
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