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To study the evolution of porosity in the process of filling slurry hydration, samples of tailing filling with different mixing ratios
and different curing ages were prepared, and the pore structure was tested by low-field nuclear magnetic resonance (LF-NMR).
According to the T2 spectrum distribution curve and T2 spectrum area of the filling slurry hydration process, the porosity and the
evolution of the pore distribution features of the filling samples were analysed. )e results showed that the higher the mass
concentration of the filling slurry, the slower the hydration reaction, the smaller the average size of the pores, the higher the
proportion occupied by harmful pores, and the lower the proportion occupied by multiharmful pores. )e smaller the cement-
sand ratio of the slurry, the higher the proportion occupied by harmful pores and the larger the aperture of the pores.)e porosity
of the filling slurry with the cement-sand ratio of 1 : 8 is the highest, and the hydration velocity of the filling slurry with the cement-
sand ratio of 1 : 3 is the fastest.

1. Introduction

)emechanical properties of a filling body are critical factors
ensuring the safe and efficient implementation of a filling
mining method [1]. )e filling slurry ratio and the micro-
structure characteristics of the filling are the main factors
that influence the mechanical properties of the filling [2, 3].
)erefore, studying the evolution of porosity in different
proportions of filling slurry is of great practical value to the
study of the stability of the filling body.

At present, research on the mechanical properties of
backfill mainly focuses on macroscopic mechanics and
optimization of proportioning; for example, Han et al. [4]
studied the optimization of the mass fraction of different
cementitious materials, the cement content, and the ratio of
artificial sand to tailings and analysed the fluidity of the
filling slurry and the strength of the filling. Fu et al. [5]
obtained a cement tailing cemented filling body made and
studied the relationships between the strength of the tailing
cemented filling body and the mass fraction, the cement-
sand ratio, and the age of the slurry solid content. Based on
the influence of the filling slurry microstructure on the

mechanical properties of filled bodies, many scholars carried
out intensive studies of the microstructure of filled bodies.
Ke et al. [6] examined the influence of tailing particle size on
the pore size distribution of the filling body by conducting
experiments, and the results showed that the influence of the
tailing grain size on the critical pore diameter decreases with
an increase in the curing time, and the tailing grain size
significantly affects the pore structure characteristics of the
filling body. Ouellet et al. [7] used a scanning electron
microscopy and image analysis (SEM-IA) method to re-
search the pore structure of different proportions of cement-
filled samples. Huang et al. [8] adopted phosphogypsum
slag-based binding materials which were prepared from
phosphogypsum, slag, cement clinker, and chemical acti-
vator. )e hardening and hydration properties and mech-
anism of phosphogypsum slag-based binder were analysed
by X-ray diffraction (XRD) and SEM. El-Hosiny [9] studied
the effect of adding superplasticizer on the hydration and
pore structure of slag cement slurry. Khalil [10] studied the
changes in the pore specific surface area and the total po-
rosity of cement pastes that contain different amounts of
silica fume that occur with an increase in hydration time.
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)e results show that, with the increase in hydration and the
amount of silica fume, the ratio of the surface area to the
total pore volume of wollastonite decreases. Xu et al. [11]
used nuclear magnetic resonance (NMR) technology to
study the pore size distribution and permeability of tailings
under different hydraulic gradients and analysed their
chemical composition and particle morphology by energy-
dispersive spectroscopy (EDS) and XRD. She [12] studied
the change in the cement slurry pore structure under
nondamaged and noninvasive conditions using NMR. Yu
and Chen [13] analysed the evolution of the pore structure of
concrete after curing for 28 days, deduced the differential
equation of mass and pore evolution, and established a new
model of pore evolution. Liu et al. [14] analysed the bleeding
rate and compressive strength of the tailing filling slurry and
studied the improvement mechanism of special additives on
the bleeding of slurry. )e microstructure of the solidified
body was analysed by SEM, EDS, and infrared spectroscopy
(IR). Koohestani et al. [15] used mercury intrusion poros-
imetry (MIP), SEM, and uniaxial compressive strength
testing to study the effect of maple wood sawdust addition on
the mechanical properties and microstructure of cemented
paste backfill (CPB). Studies have shown that the addition of
12.5% wood reduces the porosity and compactness of CPB
materials.

)e aforementioned studies mainly used XRD and SEM
methods to study the pore structure of the filling body, or the
main studying object was cement concrete. However, studies
of the distribution and variation in the filling slurry pore
structure in a mine have rarely been conducted. Low-field
nuclear magnetic resonance (LF-NMR) is sensitive to water
in the pores of rock and soil, and the curves of transverse
relaxation time T2 obtained by LF-NMR were used to study
the pore size distribution and the characteristics of micro-
structural change. Compared with SEM, CT, and other
microscopic testing technologies [16], NMR has the ad-
vantages of simple operation, fast acquisition, and non-
destructive testing. )e disadvantage of NMR technology is
that paramagnetic substances have a greater impact on the
signal; for example, if a test sample contains more iron ions,
the test process will be disturbed and the reliability of the
results will be reduced. However, the mine filling slurry is
a weak magnetic substance. In a very low-field condition, the
few paramagnetic minerals within filling slurry cannot in-
fluence the measured results. Studies [11, 17–19] of pores
and fractures of porous materials have shown that NMR can
analyse the microstructural characteristics of porous ma-
terials. )erefore, in this paper, the microstructure and
properties of filled slurry samples were studied by using the
NMR technique, and the pore evolution of the samples
under different curing ages and different proportions was
analysed.

2. Materials and Methods

2.1. Materials. )e sample materials for filling included
cement, tailings, and water. )e tailings were treated by the
filter pressure, and they were taken from a mine in Guizhou,
China. )e cement used was P.C 32.5 cement from the

Fuhua cement plant in Changsha, China, and the water was
tap water from the city of Changsha. Sieve analyses were
applied to analyse the tailing particle size distribution, the
cement particle size distribution was tested by a laser particle
size analyser, and the chemical composition of tailings and
cement was measured by X-ray fluorescence (XRF). )e
cement fineness was represented by the specific surface area,
which was 968m2/g. )e particle size distribution and main
chemical composition are shown in Figure 1 and Table 1,
respectively.

2.2. Experimental Procedure

2.2.1. Experimental Scheme. )e concentration and sand
ratio are two key factors that influence the mechanical
properties of the filling body; therefore, the concentration
and sand ratio were selected as the indexes for the experi-
mental analysis. According to the particle size distribution of
the tailings and engineering experience, three groups of
experiments were conducted to analyse each factor: con-
centrations of 56%, 62%, and 68% when the cement-sand
ratio was 1 : 3 and cement-sand ratios of 1 : 3, 1 : 5, and 1 : 8
when themass concentration was 56%.)e result (calculated
by mass fraction) of the proportions of each sample is shown
in Table 2.

2.2.2. Experimental Equipment. )e microstructure tests for
the filling slurry were conducted by the AniMR-150 NMR
spectrometer manufactured by Suzhou NIUMAG Technol-
ogy Co., Ltd. During the testing process, the prefabricated
sample was placed at the centre of the RF coil, and a CPMG
pulse sequence test was carried out. )e CPMG test pa-
rameters were based on standard rock sample nuclear
magnetic resonance parameters’ laboratory measurement
specifications (SY/T 6490-2014), and the detailed parameters
are as follows: the value of the main frequency SF1 was
12MHz; the value of the centre frequency O1 was
532,665.7Hz; the value of sampling point TD was 55,816; and
the value of receiver bandwidth SW was 200KHz. )e value
of the start sampling time, RFD, was adjusted according to the
different sample signals. )e value of the interval time, TW,
was 3000ms. )e value of the analog gain, RG1, was 15. )e
value of the digital gain, DRG1, was 3. )e value of the ac-
cumulate sample, NS, was 32.)e value of the 90° pulse width,
P1, was 19 μs.)e value of the 180° pulse width, P2, was 34 μs.
)e value of the semi-echo time, DL1, was 0.130ms, and the
value of the echo number, NECH, was 1000.

2.2.3. Experimental Steps. )e samples were prepared
according to Chinese national standards [20] and traditional
practices. )e detailed preparation process was as follows:
(1) the tailings were placed in an electrothermal constant-
temperature dryness box to dry for 24 h and then rolled with
the wood roller, which facilitates the sieving of the tailings; (2)
the rolled tailings were classified using a sieve with 0.5mm
aperture according to the particle size distribution of the
tailings, and then the sieved tailings were selected as samples;
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(3) the quantities of tailings, cement, and water calculated by
mass fraction were weighed by electronic balance with a de-
gree of precision of 0.01 g; (4) the prepared tailings, cement,
and water were placed into a stainless steel pot and mixed
evenly for 10min; (5) the mixed slurry was placed into
a plastic bottle, which was sealed and labelled; and (6) the
prepared samples were placed into a concrete curing box; the
curing temperature was 20°C, and the humidity was 99%.

At curing times of 1 h, 3 d, 7 d, 14 d, and 21 d, the samples
were taken out of the concrete curing box and subjected to
NMR testing to obtain their T2 distribution curves, and the
microstructure of the filling slurry was analysed. )e ex-
perimental system and process are shown in Figure 2.

2.2.4. Experimental Method. Pore-related properties of
filling slurry include the pore size, connectivity, open po-
rosities, specific surface area, and distribution of pores
[21, 22]. Characterization methods of pore properties in-
clude SEM, CT, mercury intrusion, and nitrogen/carbon
dioxide adsorption [23, 24].)e drawbacks of these methods
are slow data acquisition, inefficient testing, limited aperture

range, and damage to samples [25]. NMR is a non-
destructive, easy, and less time-consuming technology [26]
which covers the widest aperture range (Figure 3). It has
been applied in geological research, energy exploration,
polymer materials, agriculture, life sciences, and so on.

NMR is the phenomenon whereby resonant transition of
a nuclear core with a magnetic moment occurs due to
electromagnetic waves in a constant magnetic field; the
nuclear hydrogen atom in water molecules can generate an
NMR phenomenon. NMR tests the pore size distribution
inside the slurry by measuring the H protons in the pores of
the slurry. )e distribution curve of T2 and signal intensity
can be obtained with NMR tests. According to the principle
of NMR [27, 28], the relationship between the transverse
relaxation time T2 and the specific surface area of pores can
be described by the following equation:

1
T2

� ρ
S

V
. (1)

)e pore radius is proportional to the pore throat radius
[29], so (1) can be transformed into the following equation:
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FIGURE 1: (a) Curve of tailing particle size distribution. (b) Cumulative grain and particle size distribution curve of cement.

Table 1: )e chemical composition of the materials.

Materials SiO2 Cao MgO Al2O3 Fe2O3

Tailings 35.42 18.53 6.61 14.65 6.27
Cement 22.56 62.42 2.62 5.21 4.15

TABLE 2: Proportion calculation of experimental specimens.

Cement-sand ratio 1 : 3 1 : 3 1 : 3 Cement-sand ratio 1 : 3 1 : 5 1 : 8
Mass fraction of solid (%) 56 62 68 Mass fraction of solid (%) 56 56 56

Mass fraction (%)
Tailings 42 46.5 51

Mass fraction (%)
Tailings 42 46.67 49.78

Cement 14 15.5 17 Cement 14 9.33 6.22
Water 44 38 32 Water 44 44 44
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1
T2

� Fs
ρ
r
, (2)

where S is the surface area of the pore (cm2); ρ is the surface
relaxation strength (μm/ms); V is the pore volume; r is the
pore radius; and Fs is a geometrical factor (for the spherical
pores, Fs � 3; for the columnar pores, Fs � 2).

It can be concluded from (2) that the pore radius is in
direct proportion to T2: the smaller the T2 is, the smaller the
represented pore becomes, and the larger the pore is, the larger
the T2 becomes. )erefore, the relaxation time curve T2 of the
sample can be transformed into the pore size distribution
curve to obtain the pore size distribution of the filling slurry.
Wu [30] proposed standards for the influence of different pore
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sizes on the strength of concrete. According to the standards,
the pore size of filling slurry can be divided into four categories:
harmless pores (<20nm, no influence on strength), less harmful
pores (20nm–50nm, less influence on strength), harmful pores
(50nm–200nm, influence on strength), and multiharmful
pores (>200nm, great influence on strength).

3. Results and Analysis

3.1. Effect of Concentration on Porosity Distribution in Filling
Slurry. According to the hydration reaction equation of
cement, when the concentration of filling slurry is in the
range of 56%–68%, the water consumed by hydration is
approximately 40% of the weight of the cement [31]. )e
remaining water will be left in the pore filling slurry, and
when the bleeding phenomenon is observed with the naked
eye, it means that the pore filling slurry has been fully
saturated. When the pores in the filling slurry are completely
saturated, the surface area and volume of each pore are
positively correlated with the value of the transverse re-
laxation time (T2) of NMR. )erefore, the T2 distribution
curve can be used to characterize the pore distribution
characteristics of the filling slurry.

)e size and number of the internal pores of the filling
slurry will change in the hydration process. Because studies
have not been conducted on the transverse relaxation rate ρ
of the filling slurry, accurate values cannot be obtained.
)erefore, only approximate values of the materials can be
referenced. As the mineral composition and material
composition of the filling slurry are similar to those of
concrete cement, the surface relaxation rate ρ in the liter-
ature [12] is assumed to be 12 nm/ms.

According to the relationship between the pore radius
and T2 in (2), the value of the pore geometry factor is 2 [29];
then, (2) can be simplified as

r � 24T2 × 10−9. (3)

According to (3), the T2 spectra can be transformed into
the pore size distribution curve. )e pore size distribution of
the filling slurries with mass concentrations of 56%, 62%,
and 68% is shown in Figure 4.

It can be seen from Figure 4 that the T2 distributions of the
filling slurries with different concentrationsmainly range from
0.1ms to 10ms, and the T2 distributions of filling slurries
quickly shift to the left side within 7 d, while they remain stable
after 7 d. )e result reveals that the hydration reaction is rapid
within the first 7 d.)is is because the hydration products that
are produced by cement particles reacting with water will turn
the macropores gradually into small pores. When the number
of small pores increases, the flowing water decreases. With
time, the bound water within the pores increases, and the
hydration slows down, so that there are few changes in the T2
distribution of filling slurry after 7 days.

According to the classification standard of pore sizes, the
T2 distribution curves of filling slurries with three different
mass concentrations were segmented, and variations in the
distribution ratios for different pore sizes with curing time
were then obtained. )ey are shown in Figure 5.

As can be seen from Figure 5, three groups of tailing
filling slurries with different mass concentrations are
dominated by less harmful pores and harmful pores in the
early stage. )ese two types of pores account for more than
80% of the volume of the total pores. In the later stage,
harmless pores and less harmful pores dominate, accounting
for approximately 90% of all the pores. After 3 d of curing,
the proportion of less harmful pores increased significantly,
while the proportion of harmful pores dropped significantly.
)is phenomenon indicates that harmful pores turned into
less harmful pores gradually, which indicates that the filling
slurry hydration reacted quickly within 3 d, and the pore size
became smaller. As the curing time increased, the pro-
portion of harmless pores increased gradually, the pro-
portion of harmful pores decreased continuously, and the
proportion of less harmful pores tended to remain stable at
approximately 70% after 3 d.

In addition, it can be seen from Figure 5 that the changes
in the proportion of pores with different pore diameters in
the filling slurries with three different concentrations were
small after 7 d, which means that the filling slurry hydration
reaction was basically stabilized after 7 d. Comparing the
pore size distribution statistics of three different concen-
trations of filling slurries with different curing times, the
change in mass concentration within one hour had little
effect on the pore size distribution of each filling slurry.
However, as the mass concentration increased, the growth
rate of harmless pores increased with curing time and the
reduction rate of harmful pores also increased. After 21 d,
the proportion of harmful pores in the filling slurry with the
mass concentration of 68% was close to 0. It should be noted
that as the mass concentration increased, the proportion of
less harmful pores changed in different directions as the
curing time increased. In the filling slurry with the mass
concentration of 56%, the proportion of less harmful pores
increased slowly, whereas it reduced gradually in the filling
slurry with the mass concentration of 68%, which indicates
that the greater the mass concentration, the smaller the
proportion of harmful and multiharmful pores, and that this
scenario is conducive to increasing the stability of the filling
body.

3.2. Effect of theCement-SandRatio on thePoreDistributionof
Filling Slurry. )e T2 and pore size distributions of the
filling slurries with cement-sand ratios of 1 : 3, 1 : 5, and 1 : 8
are shown in Figure 6. )e T2 distributions of the filling
slurries contain one main peak and two subpeaks. )e
distributions of T2 of the slurries with cement-sand ratios
of 1 : 3 and 1 : 8 mainly ranged from 0.1ms to 10ms, whereas
the distribution of T2 of the slurry with the cement-sand
ratio of 1 : 5 mainly ranged from 0.1ms to 10ms. )is
phenomenon indicates that small-size pores were more
abundant in the filling slurries with cement-sand ratios of 1 : 3
and 1 : 8 than in the filling slurry with the cement-sand ratio of
1 : 5. As the curing time increased, the T2 distribution of the
filling slurries moved toward the left side.)ese curves moved
rapidly in the first 3 d and then slowed down from 3 to 7 d,
and the left shift became inconspicuous after 7 d. Moreover,
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when the cement-sand ratio decreased, the extent of the left
shift of the T2 distribution decreased gradually, which in-
dicates that the hydration reaction rates of the filling slurries
decreased gradually with an increase in curing time.

Additionally, the generated hydration products were fewer,
resulting in a decrease in pores, which were becoming smaller.
After 7 d, the hydration process of the filling slurry was almost
complete, and the greater the cement-sand ratio, the faster the
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Figure 4: )e T2 curve and pore size distributions of the filling slurries with different concentrations: (a) 56%, (b) 62%, and (c) 68%.
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hydration reaction. It can also be seen from Figure 6 that the
pore size of the filling slurries with cement-sand ratios of 1 : 3
and 1 : 5 was mainly dominated by less harmful pores and
harmful pores, whereas for the filling slurry with the cement-
sand ratio of 1 : 8, multiple harmful pores appeared in the
early stage and gradually disappeared after 3 d.

By counting the three groups of T2 distribution curves of
the filling slurries at different subsections, the changes in the
distribution of different pore ratios with changes in the
concentration and curing time can be seen in Figure 7.

As Figure 7 shows, in the early stage, the three groups of
tailing filling slurries mainly consisted of harmful pores,

whose volume accounted for more than 70% of the total pore
volume. In the later stage, the filling slurry with the cement-
sand ratio of 1 : 3 was dominated by harmless pores and less
harmful pores, and less harmful pores and harmful pores
were the dominant pores of the filling slurries with cement-
sand ratios of 1 : 5 and 1 : 8, accounting for more than 80% of
the total pore volume. As the curing time increased, the
increase in the proportion of less harmful pores and the
reduction in the proportion of harmful pores decreased,
which means that the harmful pores gradually turned into
less harmful pores. )e filling slurry with the cement-sand
ratio of 1 : 3 had the largest change within 3 d, but the change
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Figure 5: Pore size distributions of the filling slurries with different concentrations: (a) 56%, (b) 62%, and (c) 68%.
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gradually flattened after 3 d. However, the changes in the
filling slurries with cement-sand ratios of 1 : 5 and 1 : 8 were
small after 7 d, which indicates that the delay time of the
filling slurry hydration reaction increased as the cement-
sand ratio decreased.

Comparing the statistics of aperture classification for the
three kinds of filling slurries after different curing times, the
less harmful pores and harmful pores were mainly affected
by the cement-sand ratio within 1 h. )e smaller the cement-
sand ratio, the lower the proportion of less harmful pores and

2000

4000

6000

8000

10000

12000

14000

16000

18000

20000

H
ar

m
le

ss
po

re
 

Le
ss

 h
ar

m
fu

l
po

re

H
ar

m
fu

l
po

re
 

M
ul

tih
ar

m
fu

l
po

re

24000nm200nm50nm20nm2.4nm

T 2
 am

pl
itu

de

0

14 d
21 d

0.1 1 10 100 1000

1 h
3 d
7 d

T2 (ms)

(a)

14 d
21 d

0.1 1 10 100 1000

1 h
3 d
7 d

H
ar

m
le

ss
po

re
 

Le
ss

 h
ar

m
fu

l
po

re
H

ar
m

fu
l

po
re

 

M
ul

tih
ar

m
fu

l
po

re

24000nm200nm50nm20nm2.4nm

T 2
 am

pl
itu

de
T2 (ms)

4000

8000

12000

16000

20000

0

(b)

14 d
21 d

0.1 1 10 100 1000

4000

8000

12000

16000

20000

1 h
3 d
7 d

H
ar

m
le

ss
po

re
 

Le
ss

 h
ar

m
fu

l
po

re

H
ar

m
fu

l
po

re
 

M
ul

tih
ar

m
fu

l
po

re

24000nm200nm50nm20nm2.4nm

T 2
 am

pl
itu

de

T2 (ms)

0

(c)

Figure 6: T2 curves and pore size distributions of the filling slurries with different cement-sand ratios: (a) 1 : 3, (b) 1 : 5, and (c) 1 : 8.

8 Advances in Civil Engineering



the higher the proportion of harmful pores within 1 h. As the
hydration proceeded, the increase in the harmless and less
harmful pores decreased as the cement-sand ratio decreased,
and the reduction in harmful pores decreased as the cement-
sand ratio decreased. When the curing time reached 21 d, the
filling slurry with the cement-sand ratio of 1 : 3 mainly
contained less harmful pores and harmless pores, with
harmful pores being the most dominant, whereas the filling
slurries with cement-sand ratios of 1 : 5 and 1 : 8 mainly
contained less harmful pores and harmful pores, with less
harmful pores being the most dominant. Furthermore, the
proportion of less harmful pores was approximately the same
as that of the harmful pores in the filling slurry with the

cement-sand ratio of 1 : 8. )is shows that the smaller the
cement-sand ratio, the larger the proportion of harmful pores,
which is not conducive to the stability of the filling body.

4. Discussion

4.1. T2 SpectrumArea Change. )e size of the T2 spectrum is
proportional to the amount of fluid contained in the sample,
which is related to the porosity of the sample.)eT2 spectrum
of filling slurry under different conditions directly reflects the
change in the pores in the filling slurry hydration process.

Figure 8 shows the T2 spectrum area of three kinds of
slurries with different mass concentrations and cement-sand
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Figure 7: Pore size distributions of the filling slurries with different cement-sand ratios: (a) 1 : 3, (b) 1 : 5, and (c) 1 : 8.
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ratios. It can be seen from Figure 8(a) that the T2 spectrum
area decreases gradually as the curing time increases, es-
pecially for the filling slurry with the mass concentration of
56%. For the three kinds of filling slurries with different mass
concentrations, the T2 concentration of the filling slurry with
the mass concentration of 62% is the largest, followed by that
of the filling slurry with the mass concentration of 68%, and
the smallest T2 concentration was observed in the filling
slurry with the mass concentration of 56%. )is indicates
that the T2 spectrum area does not increase with an increase
in concentration. )us, the mass concentration is not the
only factor that affects the porosity of the filling slurry.

In Figure 8(b), the T2 spectrum area of the three filling
slurries with different ratios of cement-sand gradually de-
creases with an increase in curing time, indicating that
curing time has an influence on the porosity of the filling
slurry. With the decrease in the cement-sand ratio, the
spectrum area gradually increases, indicating that the filling
slurry porosity will increase with a decrease in the cement-
sand ratio. With a decrease in the cement-sand ratio, the
change extent of the spectrum area reduced, which indicates
that the hydration rate of the slurry with the cement-sand
ratio of 1 : 3 is the fastest, whereas that of the filling slurry
with the cement-sand ratio of 1 : 8 is the slowest, leading to
different porosity change results.

4.2. Effect of Filling Slurry Hydration on Pore Structure.
)e main components of tailing slurry are cement, tailings,
and water. Changes in the hydration reaction of cement,
tailings, and water, resulting in the formation of water
compounds and leading to a change in porosity, are pri-
marily responsible for changes in the pore structure of the
tailing slurry. )erefore, from the perspective of hydration

reactions, the mechanism of the pore structure evolution of
tailing slurry is discussed:

(1) )e hydration reaction in the filling slurry of tailings
mainly includes the hydration of tricalcium silicate,
dicalcium silicate, tricalcium aluminate, and iron-
based solid solutions [32]. )e hydration process of
tricalcium silicate hydrate and dicalcium silicate
hydrate has a decisive influence on the composition
of the hydrate and the structure of filling slurry [33].
)e hydration reaction equations of tricalcium sili-
cate and dicalcium silicate hydration are as follows:

3Cao · SiO2 + nH2O

� xCaO · SiO2 · yH2O +(3−x)Ca(OH)2
(4)

2Cao · SiO2 + nH2O
� xCaO · SiO2 · yH2O +(2−x)Ca(OH)2

(5)

In addition, the tailings and cement contained
a small amount of MgO, and MgO also had a slow
chemical reaction with water [34–36]:

MgO + H2O � Mg(OH)2 (6)

)e hydration of tricalcium silicate hydrate was
similar to the hydration of dicalcium silicate, but the
hydration reaction of dicalcium silicate was slower,
and less Ca(OH)2 was generated [37]. Figure 5 shows
that the T2 spectrum area changes in filled slurries
within 3 d with mass concentrations of 56% and 62%
were more obvious than that in the filling slurry with
68% mass concentration; that is, the filling slurries
withmass concentrations of 56% and 62%weremore
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Figure 8: (a) )e T2 spectrum area of three kinds of filling slurries with different concentrations and curing periods. (b) )e T2 spectrum
area of three kinds of filling slurries with different cement-sand ratios and curing periods.
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rapidly hydrated. It is likely that as the concentration
increased, the hydration reaction gradually changed
from the hydration of tricalcium silicate to the hy-
dration of dicalcium silicate, so that the slurry with
the mass concentration of 68% had a slower hy-
dration rate than the slurries with mass concentra-
tions of 56% and 62%. )us, the T2 spectrum of the
filling slurry with the mass concentration of 68%
changed slightly.
From the reaction equation of MgO, it can be seen
that the higher the mass concentration of the slurry,
the more the MgO content in the filling slurry, so
MgO has the fastest chemical reaction, and more
MgO crystals were produced. )erefore, the T2
distribution curve of the slurry with the mass con-
centration of 68% was closer to the left side.

(2) With the decrease in the cement-sand ratio, the left
moving speed of the T2 curve gradually reduced; that
is, the hydration process gradually became slower.
Compared with the pore-level statistics of the three
different cement-sand ratios, as the degree of hy-
dration increased, the smaller the ratio of cement-
sand became, the slower the increasing speed of the
harmless pores and less harmful pores was. )is may
be because, with a reduction in the cement-sand ratio,
the hydration reaction gradually proceeded toward
the hydration reaction of dicalcium silicate. When the
cement-sand ratio was 1 : 3, the hydration reaction
was dominated by the hydration of tricalcium silicate.
When the cement-sand ratio was 1 : 8, the hydration
reaction was dominated by the hydration of dicalcium
silicate. In addition, the Ca(OH)2 crystals produced by
the hydration reaction of tribasic calcium silicate were
smaller than those generated by the hydration re-
action of dicalcium silicate. )erefore, the change in
the harmless pores and less harmful pores was small.

(3) )e pore size distribution of the filling slurry varied
greatly in the early stage, mainly owing to the pore
size being dominated by harmful pores and the high
fluidity of the internal pore water, which increased
the rate of the hydration reaction. As the hydration
process progressed, the harmful pores were gradually
transformed into less harmful pores and harmless
pores, and the size of the less harmful pores and
harmless pores reduced, thus binding the flow of
internal pore water and slowing down the hydration
reaction rate. As a result, the pore size distribution in
the later stage changed less.

5. Conclusions

(1) )e higher the mass concentration of the filling
slurry, the smaller the pore size of the filling slurry
and the smaller the change in the T2 spectrum area,
which indicates that the hydration reaction rate is
slower. At the same time, the higher the mass
concentration, the higher the proportion of harmless
pores and less harmful pores. Furthermore, the

spectrum area of the filling slurry with the mass
concentration of 62% is the largest.

(2) )e larger the cement-sand ratio of the filling slurry, the
smaller the pore size of the filling slurry.)e smaller the
cement-sand ratio, the higher the proportion of harmful
pores in the filling slurry. )e T2 spectral area of the
filling slurry with the cement-sand ratio of 1 : 8 is the
largest, indicating the porosity of the filling slurry with
the cement-sand ratio of 1 : 8 is the largest. With
a decrease in the cement-sand ratio, the proportion of
harmless pores and less harmful pores decreases and the
proportion of harmful pores increases.

(3) )e reaction rate of the filling slurry is fast in the first
3 d, and the pore distribution changes, but it tends to
become stable after 7 d. From the perspective of the
proportion of harmful pores and the multiharmful
pores, it can be analysed that the higher the con-
centration of the filling slurry and the greater the
value of the cement-sand ratio, the higher the
compressive strength of the tailing filling slurry.
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