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Abstract. With the rapid development of highways and railways, series of traffic safety issues emerged because of mudstone
disintegration. To research on the mechanism and further guarantee the stability and safety of transportation infrastructure built
on or near mudstone formations, the mudstone disintegration test of mudstone was carried out based on mudstone and sandy
mudstone. The element types, cementation characteristics and pore characteristics of the tested specimens were studied by
means of Scanning Electron Microscopy (SEM), X-ray Diffraction (XRD) and Image Pro Plus (IPP). The disintegration index
of mudstone was approximately 1%, and even some specimens were difficult to be calculated, while the disintegration index of
sandy mudstone is approximately 8.7%. According to the results, the two mudstones belong to grade II and III disintegration
respectively, of which the sandy stone presents more extensive disintegration than mudstone. This phenomenon was
distinguished that, the clay minerals of mudstone are approximately 25% more abundant than those of sandy mudstone, and the
unit pore area is 20 pm? larger, which result in different microstructure and water absorption capacities. In the liquid phase, the
ions in the mudstone specimens were exchanged and combined with water molecules in the environment during the whole
disintegration process. This results in continuous spalling and fragmentation of clay minerals, the emergence of secondary

fractures, and the deepening of primary fractures.
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1. Introduction

Mudstone is a strongly consolidated rock formed by a
certain degree of epigenesis, such as extrusion, dehydration,
recrystallization, and cementation (Koralegedara and
Maynard 2017). Mudstones are widely distributed
throughout the world but cause many engineering problems
(Milroy et al. 2019).

Therefore, the physical and mechanical properties, water
absorption capacity and disintegration characteristics of
mudstone have been studied extensively.

The physical and mechanical properties of mudstone are
affected by many factors, such as mineral composition, clay
minerals percentage and porosity. Through the triaxial test
of mudstone soaked at different time, the influence of
different degree of water-rock interaction on the fracture
mechanical properties of mudstone was studied (Lian et al.
2020, Sargent et al. 2016). The experimental results show
that the fracture mechanical behavior of natural mudstone is
significantly affected by water-rock interaction, and its peak
load decreases with increasing soaking time. In some
studies, Scanning Electron Microscopy (SEM) and
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molecular dynamics simulation were studied and conclude
that water absorption and clay minerals’ expansion were the
main causes of disintegration in mudstone (Iyare et al.
2021, Dner et al. 2021, Gautam and Shakoor 2013). Aside
from the influence of water and clay minerals, the
temperature is another significant factor. Mechanical tests
based on varying temperature were conducted and the
stress-strain curve of mudstone revealed that the elastic
modulus and peak strength of mudstone first increased and
then decreased with increasing temperature (Sakai and
Nakano 2015).

More research focuses on the influence of the water
absorption of mudstone on its degradation characteristics.
The mudstone water absorption process includes
decelerating water absorption and constant water absorption
(Kévin et al. 2020). Some studies have used the Nuclear
Magnetic Resonance (NMR) tests to study the development
of cracks in mudstone after encountering water. It is
concluded that with increasing soaking time, the pore size
in the fractured mudstone becomes larger and eventually
penetrates, and the strength of the rock decreases
continuously (DeReuil ef al. 2019, Shakoor and Gautam
2015, Kim et al. 2018). Subsequently, liquid water
absorption experiments were carried out on mudstone
specimens of different lithologies under the condition of no
water pressure, and the function of water absorption over
time in the whole process was obtained (Meisels et al.
2015). Through X-ray diffraction (XRD), SEM and
Mercury Intrusion Porosimetry (MIP), the results show that
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Table 1 Main minerals of mudstone specimens

Clay minerals (%)

Specimen number Quartz (%)

Other Minerals (%)

Montmorillonite Ilite Chlorite Kaolinite
N-6 29 29 11 9 16
N-19 25 28 6 9 26
N-28 54 10 4 4 22
N-46 41 6 20 9 9 15
N-54 41 20 9 6 18
N-56 52 10 6 4 22
N-62 52 11 6 4 21

the main factor affecting the water absorption of mudstone
is not the clay mineral content, but the micropores.
Microstructural and morphological changes of mudstones
after water absorption were studied and analyzed through
XRD and SEM method based on microstructure,
deformation characteristics and energy analysis theories.
This research revealed the correlation clay mineral content,
pore area and water absorption and deformation of
mudstone (Feng et al. 2022). Through an experimental
study on the water absorption process of different hydro-
chemical solutions, the influence of different solution
properties on the law of water absorption of mudstone is
analyzed (Tang et al. 2014, Tang et al. 2015,). The order of
influence is pH value, main clay mineral type, compactness,
clay mineral content and solution ion concentration
(Gautam and Shakoor 2016, Tang et al. 2017).

In regard to the water absorption properties of
mudstone, it must be inseparable from its disintegration
deformation characteristics. It mainly includes the rule and
mechanism of disintegration, and the purpose is to reduce
the influence of the disintegration and deformation behavior
of mudstone on actual engineering. The disintegration and
softening of mudstone are the macroscopic reflection of the
internal structure and crack changes of mudstone (Arman et
al. 2021, Mori et al. 2018, Tang et al. 2018). The
disintegration characteristics of red-bed mudstone are most
affected by the sedimentary environment, and the
correlation between disintegration characteristics and fractal
characteristic parameters is relatively high (Selen et al
2019, Vu et al. 2019, Aksoy et al. 2019). The hydraulic
instability of red bed soft rock is mainly caused by illite.
There are also some experiments on red layered mudstone,
and the results show that weathering disintegration is
carried out from the surface to the interior under the action
of external forces, and the surface mudstone continues to
disintegrate and fall off (Pesce et al. 2020, Park ef al. 2016).
The disintegration is mainly concentrated within 10 cm
from the surface, and the disintegration rate is mainly
affected by the external ambient temperature and rainfall.

Influenced by the external environment, mudstone easily
shows the characteristics of water absorption disintegration
and strength decline, resulting in many engineering
problems, such as common slope landslides, roadbed
settlement, and mine collapse (Momeni et al. 2017). How
the microscopic level of mudstone changes in the process of
disintegration needs to be further studied. Therefore, this
paper mainly utilized mudstone and sandy mudstone as the

research objects for the characteristics of water-absorption
disintegration and the microscopic transformations
throughout the dry-wet cycle process. This paper was a
coupled research based on the disintegration test and micro
mechanism, in an effort to distinguish the main factors of
disintegration and provide theoretical basis for the
implementation of future research.

2 Materials and methods
2.1 Materials

In this study, a region in Xining, China, was as the main
study area. There is abundant groundwater, which has a
great impact on the engineering properties of rocks and
poses a great potential risk to the safety of nearby
construction (Dupontnivet et al. 2008). According to the
field survey, the mudstone outcrops in the study area
include the Cretaceous strata of Mesozoic and the
Neoproterozoic strata of Cenozoic (Chen et al. 2022).
Among them, the Neoproterozoic mudstone is the most
extensive. The structure of the Cretaceous mudstone is
stable, the structure of the Neoproterozoic mudstone is
poor, and the disintegration phenomenon is more obvious
after encountering water. In this study, both mudstones were
selected (Yin et al. 2017).

Specimens with relatively complete structures and good
overall shapes were selected for the test. Specimens were
taken in the experimental area and brought back to the
laboratory under seal. The specimens before water
absorption were dark gray, dark purplish red, compact
structure and obvious bedding. Retrieved specimens were
numbered according to formation and sampling order. The
specimen numbers were N-6, N-19, N-28, N-46, N-54, N-
56 and N-62. XRD was used to determine the
characteristics of the test pores, and the test results are
shown in Table 1. Other than high percentage of Quartz and
Clay minerals, different specimens contain varying
percentage of other minerals such as feldspar, calcite,
dolomite, siderite and zeolite, with the total proportion from
15% to 26%.

Based on the data presented in Table 1, it is evident that
Cretaceous mudstone in Xining exhibits a substantial
content of clay minerals. This notable presence of clay
minerals raises the possibility of influencing the water



Disintegration process and micro mechanism of mudstone under dry-wet cycles 11

(@ Flatsheet mudstone

(b) Clastic granular mudstone

Fig. 1 SEM images of mudstone specimens

absorption characteristics of the specimens under
investigation. The water absorption properties of mudstone
are intricately linked to its structural composition. In light
of this, our study delves into a detailed analysis of the
microstructure of the mudstone specimens, focusing
specifically on two key aspects: Unit type and Pore
characteristics, in effort to provide a comprehensive
understanding of how the microstructural features,
particularly unit type and pore characteristics, contribute to
the water absorption behavior of the mudstone specimens.

2.1.1 Unit type

The material basis of the microstructure of the mudstone
is mainly the clay thin layer structure formed by the clay
mineral particles in a certain arrangement, or the clay thin
layers are stacked together into a thin layer stacking
structure. These thin layers have strong properties of water
absorption expansion and water loss shrinkage. SEM was
applied to observe the mudstone specimen, and the SEM
images are shown in Fig. 1.

From the analysis of SEM images, the mudstone
specimens are divided into two main categories according
to the characteristics of the wunits: flat stratified
stromatolites are the main units, as shown in Fig. 1(a),
which belong to mudstone. The second is mudstone
dominated by clastic grain units, as shown in Fig. 1(b),
which belongs to sandy mudstone (Chen et al. 2013).
According to SEM image analysis, N-6, N-19, N-46 and N-
54 are mudstones, while N-28, N-56 and N-62 are sandy
mudstones.

2.1.2 Pore characteristics

Pore refers to the space in rock that is not filled by
clastic particles, cementing materials or other materials.
Pore structure refers to the geometric shape, size
distribution characteristics and connection relations of pores
and throats in rock. Table 2 shows the pore characteristics
measured with MIP for some representative specimens.

In Table 2, N-46 and N-54 belong to mudstone, while N-
56 and N-62 belong to sandy mudstone. It can be concluded
from the table that the plane porosity of mudstone in the
Xining area is between 0.07% and 0.3%, and the plane
porosity is low. This is because the mudstone in Xining,
China, is buried deeply, and the pores are squeezed under

Table 2 Pore structure parameters of specimens

ot ST AP Gy oo
N-46 0.10 1.94 3.98 1.15
N-54 0.07 2.48 1.65 1.13
N-56 0.20 2.77 1.78 1.10
N-62 0.30 2.04 1.59 1.09

the action of gravity. The plane porosities of mudstone N-46
and N-54 are obviously smaller than those of mudstone N-
56 and N-62, which is related to the microstructure. There
are more clastic grain units in sandy mudstone, which is
also related to its formation environment. The formation
environment of sandy mudstone is relatively unstable,
which leads to this difference.

2.2 Disintegration test

The mudstone disintegration test can be divided into two
simultaneous parts: specimen disintegration and surface
detection. The disintegration test shall be performed as follows.
First, the quality of the specimens in the dry state was weighed.
Before the dry-wet cycles, the mudstone specimens were first
put into a cylindrical sieve cylinder of a TX255/NBJSY - 1
disintegrating test apparatus. The sieve cylinder with the
specimens was put into the water tank and injected with
distilled water at 20°C + 2°C. The soaking water level should
be approximately 20 mm below the axis of rotation. The sieve
barrel was rotated at a speed of 20 r/min for 10 min, and then
placed in an oven at 105°C - 110°C for 24 h drying. They were
cooled to room temperature and weighed. The above is one
cycle, and a total of five cycles would be carried out (Luo et al.
2021).

The steps of specimen surface observation during the
disintegration process are as follows. The specimens were
put into the beaker immersed with water, and the electron
microscope was adjusted vertically to capture the whole
picture of the specimen accurately. Automatic
photographing was set every 10 min. The phenomenon of
disintegration was detected and recorded throughout the
whole disintegration test.

In this study, the disintegration index I; is used to
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(h) 4 h 20 min

(i) 6 h 50 min (j) 2 d (Final state)

Fig. 2 Disintegration process of N-56

b) 10 min

(H1h

(g) 1 h 30 min

quantify the disintegration process of mudstone specimens.
The I; is defined as the percentage of the mass of the
specimen with grain size greater than 2 mm in the total
mass of the original specimen after two dry-wet cycles
(ASTM D4644-08). The specific formula is Eq. (1)

, =%x100% (1

In this formula, M ,-; is the total mass of the part of the
mudstone specimen larger than 2 mm after two dry-wet
cycles and M is the total mass of the mudstone specimen.

3. Results and discussion
3.1 Disintegration test of mudstone

In the disintegration experiment, the disintegration
characteristics of mudstone specimens N-6, N-19, N-28, N-
46 and N-56 are more regular and representative. The
following is mainly to analyze the disintegration
characteristics of these specimens. Among them, N-6, N-19
and N-46 belong to mudstone, and N-28 and N-56 belong to
sandy mudstone. The disintegration process of each
specimen is as follows.

The initial color of rock specimen N-6 is earthen yellow,
and there are some darker parts on the side. As shown in

(h) 2 h 30 min

b
d) 40 min

d) 30 min

(i) 4 h 20 min
Fig. 3 Disintegration process of N-19

(j) 2 d (Final state)

Fig. 2, powder on the surface of the specimen will fall off
after water is added. Twenty minutes later, fine cracks
appeared and gradually extended in the following time. An
hour later, collapse appeared around the specimen, and the
side cracks gradually became dense. After 1 h 30 min,
several slender and connected cracks were formed on the
surface of the specimen, expanding continuously. When the
cracks deepen to a certain extent, the specimen collapses
into several pieces. After 6 h, the variations of rock
specimen become very slow and basically tends to be
stable.

The initial color of the N-19 rock specimen is gray, and
the surface is smooth with fine cracks on the surface and
sides. As shown in Fig. 3, a slender crack appeared after the
specimen was immersed in water for 10 min. Within 1 h,
the cracks gradually widened and deepened, and many new
irregular cracks appeared. After 1 h, the specimen began to
collapse from the edge to the center and gradually became
broken.

The initial color of rock specimen N-46 was earthen
yellow, and its surface was relatively smooth. According to
Fig. 4, powder fell off at the edge of the rock specimen and
bubbles were generated when water was added. A long and
wide crack appeared on the surface of the rock specimen
accompanied by large bubbles. In a very short time, the
crack extended to the edge, and a large amount of material
fell directly along the crack to the bottom of the beaker.
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(a) 0 h (Start state)

b}
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(a) 0 h (Start state)

(f) 1 h 30 min

(g) 2 h 30 min

After 30 min, several deep, staggered cracks appeared in
the specimen, dividing it into chunks. As the experiment
continued, more fine fractures appeared in the rock
specimens, the primary fractures deepened, and the block
edges tended to collapse. Within 5-10 minutes, the rock
specimen became more fragmented, and its integrity was
almost destroyed. After a while the lower right block split
and fell. The rock specimen basically had no obvious
variation after 2 h 30 min, indicating that the expansion of
N-46 specimen was completed in a short time, and the
fracture development and block collapse speed were very
fast.

The initial color of rock specimen N-28 was brownish
gray, and the surface was smooth and filled with many fine
debris particles. According to Fig. 5, when water was
added, a small part of the specimen dissolved first, and the
edge of the rock specimen presented circular dissolution
traces. The specimen then dissolved and fell from the edge
of the specimen, and when the fissure deepened enough, the
pieces with the edges removed fell to the bottom of the
beaker. As time passed, the expansion changes continued
and the rock specimen developed two broad and deep main
fractures, which were accompanied by the collapse of small
fragments along the edges. In the process of expansion, the
relative integrity of the rock specimen was maintained to a
certain extent, and finally tended to be stable.

The rock specimen N-56 had an initial color of earthen

(h) 50 min
Fig. 4 Disintegration process of N-46

(h) 3 h 20 min

(i) 2 h 30 min

(j) 2 d (Final state)

(i) 4 h 30 min
Fig. 5 Disintegration process of N-28

yellow, with many scratches on its surface and filling with
clastic particles. According to Fig. 6, when water was added
to the specimen expands, part of the powder at the edge of
the rock specimen began to fall off, and there were traces of
dissolution on the surface. Then, cracks of varying width
appeared at the edges of the specimen surface, with
prominent denudation-like marks at the edges and wider
cracks at the sides. Along the edge of the existing fracture,
some fragments began to peel, accompanied by bubbles,
and there were similar pulverization marks on the side of
the rock specimen. In approximately 40 minutes, the side of
the rock specimen had become very broken, and the cracks
on the surface widened and deepened. At approximately 1 h
40 min, the rock specimen as a whole had been broken.
Some of the blocks that had been ripped off by the cracks
had fallen to the bottom of the beaker, and the rock
specimen was almost incomplete. The expansion of the rock
specimen was completed in a relatively short time.
Obviously, the disintegration characteristics of
mudstone and sandy mudstone are different. Mudstone
specimens generally exhibit cracks on the surface after
being immersed in water for 10 min, cracks continue to
extend, and new irregular cracks appear as the
disintegration experiment proceeds. After 2-4 h, as the crack
develops, the pattern will collapse from all sides to the
center and break into small pieces. The modes of collapse
of sandy mudstones are quite different. When sandy



14 Ji Chen, Ruyu Huang, Xinyu Luo, Xin Liao and Qiang Tang

() 1 h 30 min " (2)2h 30 min

Table 4 Rock disintegration types and characteristics

(h) 3 h 20 min
Fig. 6 Disintegration process of N-56

(i) 4 h 30 min (j) 2 d (Final state)

Disintegration

classification Type of disintegration

Disintegration characteristics

| Mud-like

I Broken gap mud,
broken lump mud

Crushed rock chips,

crushed rock pieces

\Y} Integral block

Immersion in water instantly and violently disintegrates into earthy spills.
Immersed in water into flocculent, powder crumbling, disintegrated material is
granular, flaky broken gap or broken pieces.

Submerged in water into a block crumbling collapse or flake cracking,
disintegrated material is broken rock flakes or broken rock-like.

Hard, non-disintegrating rock when immersed in water.

Table 3 Disintegration index of mudstone

Specimen type Specimen number 14 (%) Average lq (%)

N-6 0.1
Mudstone N-19 0.1 0.1
N-46 —_—
N-28 9.7
Sandy 8.7
mudstone N-62 7.7

mudstone is immersed in water, water quickly seeps into the
rock mass and bubbles are expelled. Within 1 h, the
specimen expands continuously, cracks appear at the edges,
and then gradually dissolves from the outside to the inside.

The air inside the specimen is squeezed inward and
compressed with the entry of external water. The increase in
air pressure in the specimen results in the gradual
disintegration of minerals along the weakest plane of the
structure (Arman et al. 2021, Ferraz et al. 2019).

From the actual observation, it can be concluded that the
whole process of flooding disintegration of mudstone can
be divided into three stages. In the first stage, after contact
with water, surface particles adsorb water molecules, and
the water film thickens. The soluble material dissolves and
the structural connections on the rock surface are locally
broken and disintegrate into small pieces. In the second
stage, under the further action of water, microcracks
develop to depth. With the disintegration of the clastic
particles, the small pieces fall apart. The third stage is the
dissolution of granular cements.

3.2 Disintegration index

Four specimens are taken from mudstone and sandy

mudstone to calculate their I respectively. After two wet-dry
cycles, the specimens were sieved with a 2 mm aperture sieve.
The mass of particles larger than 2 mm was recorded and I,
was calculated. The test results are shown in Table 3.

As seen from the data in Table 3, the disintegration
resistance of mudstones generally deviated. According to
the disintegration type and characteristics of mudstone, it
can be divided into four disintegration grades I, II, III and
IV. Grade I represent the weakest disintegration resistance,

and grade IV represents the strongest disintegration
resistance (Gautam and Shakoor 2017). The specific
classification method is shown in Table 4.

From the calculation results and observation, it can be
concluded that mudstone mainly belongs to grade III
disintegration, and the disintegration type is broken rock.
Sandy mudstone mainly belongs to grade II disintegration,
the disintegration type is lump mud, and the disintegration
speed is faster than mudstone (Chen ef al. 2020).

3.3 Micro mechanisms of mudstone disintegration

3.3.1 Effects of clay minerals

Since the content of clay minerals tends to affect the
water absorption of rocks, the difference in disintegration
between specimens may also be related to it. Fig. 7 shows
the clay mineral content and I; of several classic
disintegrating specimens.

As shown in Fig. 7, N-6, N-19 and N-46 are mudstones,
while N-28 and N-56 are sandy mudstones. The results
show that the content of clay minerals in mudstone is
generally 25% higher than that in sandy mudstone, and the
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Fig. 8 SEM image of mudstone and sandy mudstone before and after water absorption (Feng et al. 2022)

1, of the corresponding mudstone is also 8.7% lower than
that in sandy mudstone. The difference in clay content is
indeed the cause of the difference in disintegration
characteristics of mudstone. The mudstones with high clay
mineral contents in Xining, China, are mainly stratified
units (Nakano and Sakai 2016).

When water enters, a large number of cracks develop in
the mudstone, causing the mudstone to collapse into blocks.
The content of clay minerals in sandy mudstone is low, and
the unit types are mostly clastic. After water enters the
pores, most particles dissolve into the water due to the
presence of clastic particle units, and eventually disintegrate

into mud (Chen et al. 2018).

Fig. 8 shows SEM images of mudstone and sandy
mudstone before and after water absorption, respectively
(Feng et al. 2022). As shown in Fig. 9, after mudstone
absorbs water, its overall structure changes from dense to
lose, pore size increases, the number of pores increases, and
the clay minerals change into a state of layer separation.
Sandy mudstone is relatively complete in structure and the
volume of clay minerals expands (Kim et al. 2018). The
physical changes of mudstone specimens after water
absorption during the experiment can be divided into two
parts. On the one hand, the vacancy in the pore and pore
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Fig. 10 Changes in concentration of cations in aqueous
solution

boundary will cause the pore to become larger. On the other
hand, with the expansion of mineral volume, pores and
fissures are gradually squeezed, resulting in the reduction of
fissures and pores between mudstone minerals. With the
expansion of schistose minerals, the water absorbing film
thickens. This leads to an increase in spacing, resulting in
separation between layers, which in turn destroys the entire
structure (Waroszewski ef al. 2015).

3.3.2 Effect of pore structure

The effect of pore structure on disintegration is also
important. Image Pro Plus (IPP) image analysis software
was used to study the pore characteristics of mudstone
specimen pairs. Fig. 9 shows the pore areas of several
observed specimens. The larger the pore area is, the
stronger the disintegration of mudstone. When the pore area
is large, water will enter the pore rapidly in a short time,
causing a large amount of soluble salt to dissolve. The air in
the rock is squeezed into internal compression, and the
internal air pressure increases rapidly, leading to the
fracture of minerals along the most vulnerable structural
plane. Then the mudstone directly disintegrates into mud.

C W ® _] Particle surface

0 .- R Hydrated layer
o S~ boundary

Vi J - ®" oV . =) Negative charge

Water molecule

® Hydrated cation

Fig. 11 Hydration reaction on the kaolinite particle
surface (Zeng et al. 2021)

3.3.3 Disintegration mechanism

The disintegration test results show that the
disintegration process of sandy mudstone is rapid and
intense, and specimen N-56 is the most representative
specimens. The chemical change of the N-56 specimen was
studied by extracting the solution during disintegration. Its
ionic composition was measured at regular intervals, and
the experimental results are shown in Fig. 10. In this part,
the ionic composition was analyzed through Atomic
Absorption Spectroscopy (AAS) method.

The contents of Na and Ca ions in aqueous solutions of
mudstone are higher. Except for Na and K ions, the
concentrations of Al, Ca and Mg ions did not change
significantly. Ion exchange occurred on the mudstone
surface within 1 hour, and the ion solubility fluctuated in a
small range. The mudstone structure is relatively intact at
this time. After 1 hour, a large amount of soluble salt
dissolved, the concentration of Na and K ions increased,
and the structure of mudstone was damaged. The results are
consistent with the mudstone disintegration test, so the
disintegration of mudstone is related to the loss of salt
inside the rock.

Table 1 shows that the mudstone is also rich in kaolinite
minerals. Kaolinite is mainly connected by oxygen—oxygen
bonds to its microscopic units. When a mudstone specimen
is immersed in water, water molecules can easily enter the
specimen through the primary cracks. The oxygen—oxygen
bond, which is inherently less stable, will break. As shown
in Fig. 11, aluminum ions (AI*") in the structural unit often
exchange with some low-valence cations (Mg?" etc.),
resulting in many negative charges on the surface of the
structural unit. The cations in the water are then adsorbed to
the surface and become hydrated cations (H;O"). When the
hydrated cation slowly infiltrates between the structural unit
and the hydrated layer, the distance between the layers and
the thickness will increase, and then the spectator particles
will expand. Because the inside and outside sides of the
specimen cannot absorb water at the same time, it will lead
to uneven expansion of the particle surface. This may result
in tensile stress on the surface, causing further damage to
the already fractured rock surface (Chen et al. 2019). Part
of the chemical reaction equation is as follows.

K, [AISi,0,](K-Feldspar)+H,0 — K* +KAL[(Si,Al),0,, J[OH], (lllite) (2)

Na,[AlSi,0,](Na-Feldspar) + H,0 — Na* +2NaAl, [(Si,Al),0,, JJOH], (Montmorillonite) (3)
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Al,[Si,0,, J[OH], (Kaolinite) +H,0+CO, — AI** +H,Si0, +HCO; (4)

KAL[(Si,Al),0,, J[OH], (Illite)}+H,0+CO, —» K* +AF** +H,8i0,+HCO; (5)

4. Conclusions

This paper takes mudstone in the Xining area as the
research object. They are divided into two types based on
the microstructure, and then the disintegration process of
several typical specimens is observed. Finally, the
disintegration mechanism is analyzed from three aspects:
clay minerals, ion exchange and energy transformation. The
main conclusions are as follows.

* In the disintegration test, the two kinds of mudstones both
collapse quickly in the early stage and tend to be stable in
the later stage. The mudstone cracks in approximately ten
minutes and develops over the next hour, creating new
irregular cracks and finally breaking into blocks. The main
disintegration of sandy mudstone is mud, disintegration is
dissolved from the surroundings while producing bubbles,
and disintegration is basically completed in approximately 1
h.

* The clay content of mudstone is approximately 25%
higher than that of sandy mudstone, and the pore area is
approximately 20 um? larger than that of sandy mudstone.
These two factors affect the microstructure of the mudstone
and are negatively correlated with disintegration, making
the disintegration rate of the sandy mudstone slightly faster.
* By analyzing the variation trend of the chemical
composition of the water solution in the disintegration test,
it is concluded that the ions in the mudstone specimen are
exchanged and combined with each other by water
molecules in the environment during the whole
disintegration process. These chemical changes lead to the
continuous spalling and splitting of clay minerals in the two
mudstone specimens, the emergence of secondary fractures,
and the deepening of primary fractures until disintegration.
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