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Influence of Mud Content in Sand and Gravel on Water Reducer in Concrete
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The mud content in sand and gravel suppresses the fluidity and water reducer effect of
concrete. To disclose the impacts of mud content on water reducer, this paper explores the
microscale interaction between three kinds of mud (i.e. montmorillonite, kaolin and illite) and
one water reducer (i.e. polycarboxylate superplasticizer), and tests the compressive strength
and porosity of cement mortar with each type of mud. In addition, an anti-mud agent was
prepared to enhance the dispersion effect of the water reducer. The results show that the
compressive strength of hardened cement mortar is negatively correlated with mud content.
The equilibrium zeta potential of two types of mud is higher than that of cement particles.
The optimal reaction conditions for the anti-mud agent are weak alkalinity, reaction
temperature of 70 <C, initiator dosage of 6 %, and reaction time of 5h. The research findings
provide new insights into the development and application of water reducer with anti-mud
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agent.

1. INTRODUCTION

Sand and gravel form the “skeleton” of concrete. The two
materials directly affect many mechanical parameters of
concrete, such as compressive strength and the elasticity
modulus [1, 2]. However, the sand and gravel resources in
China are quickly depleting. As a result, the quality of sand
and gravel used in concrete is often not up to standard. For
example, the mud content (>20 %) of unwashed sand and
gravel severely exceeds the limit, due to the high bulk porosity
(>45 %) of the two materials [3]. The high mud content has a
negative impact on concrete performance [4]. In fact, mud
inclusion is one of the top three threats to concrete
performance, alongside with syneresis cracking and bleeding
[5]. This threat can be solved by the addition of water reducer,
a popular additive to the concrete.

Water reducer can enhance the mechanical properties and
extend the service life of concrete [6-8]. The application range
of water reducer is rapidly expanding. Many water reducers
have been developed and applied to concrete. Their impacts
on the mechanics and microstructures of concrete have also
been explored. However, there is no report on the bonding
properties of water reducers and other components of concrete,
namely, sand, gravel and mud [9, 10].

The mud removal effect of water reducer depends on the
adsorption competition of mud powder and cement. After

being added to the concrete, the water reducer is absorbed on
the surface of mud powder with anionic groups. In many cases,
the mud power outperforms the cement in the adsorption
capacity and adsorption rate of water reducer [11]. Therefore,
it is very meaningful to study the effects of the mud in sand
and gravel on the performance of water-reducing agent.
Understanding the effects helps to improve the mechanical
strength and durability of concrete [12].

This paper probes into the effects of mud content in sand
and gravel on water reducer in concrete, and models the
microscale interaction between mud powder and water reducer.

2. MATERIALS AND METHODS
2.1 Test materials

According to the X-ray fluorescence (XRF) results (Table
1), the main test materials include three kinds of mud (i.e.
montmorillonite, kaolin and illite) and one water reducer (i.c.
polycarboxylate superplasticizer). The three kinds of mud
were mixed with sand and added to the concrete. The mud
content of concrete samples was controlled between 1 % and
10 % (mass percent). Tables 2 and 3 list the mix ratios of
cement mortar and concrete for the test, respectively.

Table 1. Test materials

Material Mean particle size Mass fraction (wt%)
SiO2  AOs  CaO  MgO FexOs NaxO KoO LOI
Cement 10.68 24.03 512 6196 2.08 2.56 0.04 0.82 3.39
Montmorillonite 5.60 68.80 17.86 1.07 4.46 3.33 2.84 087 0.77
Kaolin 4.98 5240 39.6 0.3 2.57 0.29 1.74  0.69 241
Ilite 6.89 5220 406 0.82 204 1.30 1.27 0.65 1.12
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Table 2. Mix ratio of cement mortar

Standard sand (g)

Cement (g)

Water (g) Water reducer (g)

1,350 450

225 1.0

Table 3. Mix ratio of test concrete

Cement (g) Limestone powder (g) Sand (g)

Gravel (g)

Fly ash (g) Water reducer (g) Water (g)

260 80 880

975 100 0.3% 200

2.2 Test methods

The mechanical strength of hardened cement mortar was
tested according to the Standard for Test Method of
Mechanical Properties on Ordinary Concrete (GB/T 50081-
2002). Three concrete samples (size:
150mm*150mm*150mm) were prepared with each type of
mud. The mean value of the three samples was obtained as the
final value for the concrete with the corresponding type of mud.
To characterize the apparent morphology of mud and cement,
mud powders and cement particles were attached to the
conducting resin, and their zeta potentials were measured by
an electrophoresis apparatus. In addition, the viscosity of the
cement mortar with different contents of each type of mud was
tested every 15min using an NDJ-5S digital rotational
viscometer.

3. RESULTS AND DISCUSSION

3.1 Relationship between mud content and compressive
strength
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It is generally agreed that mud reduces the fluidity of
concrete. The previous research [13] has found that the
concrete with 3 % mud has a weak fluidity, which still meets
construction requirements; the concrete with >5 % mud suffers
a huge loss in 60min flow expansion; the concrete with >8 %
mud faces a sharp decline in mechanical performance.

Figure 1 shows the compressive strength-mud content curve
of hardened cement mortar with each type of mud. The
compressive strengths were measured on 3d, 7d and 28d,
respectively. It can be seen that the compressive strength of
hardened cement mortar always decreased with the growth in
mud content. The hardened cement mortar containing
montmorillonite witnessed the fastest decline in compressive
strength, followed by that containing kaolin and that
containing illite. The compressive strength of hardened
cement mortar plunged deeply, when the kaolin content
reached 5~6 %. This means the accumulation of kaolin greatly
weakens the mechanical properties of hardened cement mortar.
For the hardened cement mortar added with illite, the
compressive strength decreased less significantly than that
added with kaolin: the 28d compressive strength dropped by
less than 20 % at the illite content of 10 %.
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Figure 1. Compressive strength-mud content curves



3.2 Relationship between zeta potential and water reducer
concentration

The dispersion resistance of concrete is greatly affected by
the zeta potential of cement particles in the polycarboxylate
superplasticizer solution. In general, a large zeta potential
indicates a good dispersibility of the polycarboxylate
superplasticizer.

Figure 2 presents the zeta potential-water reducer
concentration curves of cement, kaolin and montmorillonite.
The zeta potentials were measured on the surface of cement
and mud particles. With the growing concentration of
polycarboxylate superplasticizer, the zeta potential on the
surface of cement particles continuously decreased before
reaching the equilibrium. For the two types of mud, the zeta
potential changed in a similar trend as cement, but reached
higher levels at the equilibrium state. Thus, the mud powders

have a higher absorbability for polycarboxylate
superplasticizer than cement particles.
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Figure 2. Zeta potential-water reducer concentration curves
3.3 Relationship between zeta potential and retention time
The dispersion resistance of concrete also depends on the

retention time of cement particles in the polycarboxylate
superplasticizer solution.
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Figure 3. Zeta potential-retention time curves
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Figure 3 gives the zeta potential-retention time curves of
cement, kaolin and montmorillonite. The zeta potentials were
also measured on the surface of cement and mud particles. The
zeta potentials of cement and mud particles all increased with
the elapse of time. By equilibrium potential, the materials can
be ranked as montmorillonite <kaolin < cement. In addition,
the two types of muds reached the equilibrium potentials faster
than cement.

3.4 Relationship between viscosity and retention time

Figure 4 displays the viscosity-retention time curves of pure
cement mortar, the cement mortar with 3 % montmorillonite,
and the cement mortar with 3 % kaolin. The viscosity of all the
three materials firstly decreased and then increased over the
time. At the same time point, the three materials can be ranked
as cement mortar, the cement mortar with 3 % kaolin and the
cement mortar with 3 % montmorillonite, in descending order
of viscosity.
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Figure 4. Viscosity-retention time curves
3.5 Effects of reaction conditions on anti-mud agent

All types of mud weaken the working performance of
polycarboxylate superplasticizer, but to varied degrees. To
mitigate the weakening effect, a mud-resistant polymer was
added to the concrete, forming a synthetic anti-mud agent with
polycarboxylate superplasticizer. The effectiveness of the
anti-mud agent may be influenced by reaction temperature,
initiator dosage, reaction time and pH.

Table 4. Influence of reaction temperature on anti-mud agent

Reaction temperature/°C _ Flow time through marsh cone/s

Mixing 5min  Mixing 60min
60 7.56 —
65 5.23 15.23
70 391 10.58
75 4.52 12.00
80 4.64 13.32

Table 4 sums up the influence of reaction temperature on
the performance of the anti-mud agent. According to the data
in the table, the mud-containing cement mortar flowed through



the marsh cone in the shortest time under 70 °C. This means
the synthetic anti-mud agent has the best dispersion effect at
70 °C.

Figure 5 shows the influence of initiator dosage on the
performance of the anti-mud agent. With the increase of
initiator dosage, the flow time of mud-containing cement
mortar decreased first and then increased, and minimized at
the initiator dosage of 6 %. Therefore, the mud-containing
cement mortar has the best fluidity at the initiator dosage of
6 %, making this dosage the optimal level for the anti-mud
agent.
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Figure 5. The relationship between flow time through marsh
cone and initiator dosage

Figure 6 displays the influence of reaction time on the
performance of the anti-mud agent. The mud-containing
cement mortar achieved the best fluidity when the reaction
proceeded for Sh. Further growth in reaction time suppressed
the fluidity of the mortar. This is because an excessively long
reaction will increase the molecular weight of the anti-mud
polymer, expanding the volume of the anti-mud agent.

Table 5 describes the influence of pH on the performance of
the anti-mud agent. As shown in the table, as the pH increased,
the mud-containing mortar took a longer time to flow through
the marsh cone, reflecting a decline in mortar fluidity. This
means the mud resistance weakens in an acidic environment.

Therefore, the anti-mud agent should be synthetized in a weak
alkaline environment.
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Figure 6. The relationship between flow time through marsh
cone and reaction time.

Table 5. The relationship between flow time through marsh

cone and pH
pH Flow time through marsh cone/s
Mixing Smin Mixing 60min
4 7.88 —
5 7.12 —
6 5.46 18.72
7 3.91 9.94
8 3.94 9.87
9 3.90 9.64

3.6 Effects of anti-mud agent on hardened cement mortar

The anti-mud agent could change the late-stage
performance of cement mortar, including compressive
strength and porosity. In this paper, the compressive strength
and porosity of cement mortar with each type of mud are
measured before and after using the anti-mud agent. The mix
ratios of the cement mortars are listed in Table 6. The
measured results are recorded in Tables 7 and 8.

Table 6. Mix ratio of cement mortar with each type of mud

Group code Dosage of cement mortar/g
Sand Cement Mud Water Water reducer Anti-mud agent
A 1,350 450 0 225 1.0 0
B 1,350 450 75 225 1.0 0
C 1,350 450 75 225 1.0 0.5

Note: Group A is the samples containing montmorillonite; Group B is the samples containing kaolin; Group C is the samples containing illite.

As shown in Figure 7, the three sample groups can be
ranked as Sample B > Sample C > Sample A by the original
porosity; after the anti-mud agent was added, all sample
groups saw a significant decline in porosity, but stayed ahead
of pure cement mortar in terms of 28d porosity. As shown in
Figure 8, all samples had greater compressive strength than
pure cement mortar on 3d. Moreover, the three sample groups
can be ranked as Sample A > Sample C > Sample B by 28d

compressive strength.

Table 7. Measured porosity curing age

Porosity /%
A B C
7d 1745 4242 25.58
28d 1371 30.74 20.04




Table 8. Measured compressive strength

Curing age _Compressive strength/MPa
A B C
3d 20.36 8.32 30.77
28d 59.11 4039  51.51
4. CONCLUSIONS

This paper studies the impacts of mud content in sand and
gravel on water reducer in concrete, and explores the
microscopic mechanism between mud powder and water
reducer. The main conclusions are as follows:

(1) The compressive strength of hardened cement mortar
always decreased with the growth in mud content. The
hardened cement mortar containing montmorillonite
witnessed the fastest decline in compressive strength, followed
by that containing kaolin and that containing illite.

(2) With the growing concentration of polycarboxylate
superplasticizer, the zeta potential on the surface of cement
particles continuously decreased before reaching the
equilibrium. For the two types of mud, the zeta potential
changed in a similar trend as cement, but reached higher levels
at the equilibrium state.

(3) The effectiveness of the anti-mud agent may be
influenced by reaction temperature, initiator dosage, reaction
time and pH. To maximize the dispersion effect, the anti-mud
agent should be synthesized under a weak alkaline
environment at the reaction temperature of 70 °C, the initiator
dosage of 6 %, and the reaction time of 5h.
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