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In the process of large-scale urban construction, large amounts of waste slurry are produced. -e slurry has a high water content
and is difficult to precipitate naturally, resulting in low treatment efficiency. To improve the treatment efficiency of slurry, a variety
of inorganic and organic polymer flocculants were used to carry out flocculation settlement tests on the slurry. -e changes in the
slurry properties and the filtration dewatering effect after flocculation were tested. -e results show that the addition of flocculant
makes the slurry particles form aggregates, which leads to rapid precipitation of the slurry. -e use of an inorganic flocculant
significantly reduced the zeta potential of the slurry. Organic polymer flocculant, however, had little effect on the slurry potential,
but did cause the slurry to produce larger size aggregates, resulting in a better flocculation effect than inorganic flocculant.
Inorganic flocculants and organic flocculants can improve the pressure filtration dewatering performance of slurry. CPAM12
(cationic polyacrylamide, with a relative molecular weight of 12 million Daltons) had the best overall effect. -e formation of
aggregates after flocculation and the change in the nonuniformity coefficient (Cu) were the main cause of improvement of pressure
filtration dewatering performance of the slurry. When Cu decreases from 11.85 to 8.75, the time required for pressure filtration
stabilization is shortened by 70%. -e nonuniformity coefficient of flocculated slurry can be used to evaluate flocculants, de-
termine the optimal dosage, and predict the dewatering effect.

1. Introduction

Slurry is widely used in large-scale infrastructure con-
struction in China because of its excellent wall protection
and slag carrying characteristics, in addition to other ad-
vantages, such as its low cost and ready availability [1, 2].
However, large amounts of waste slurry are unavoidably
produced in the construction process. -e slurry has a high
water content, a very large volume, and a need to occupy a
large amount of land for settlement treatment. Long time of
settlement is often required. Only when the water content of
slurry drops to a specified level can subsequent treatment be
carried out (e.g., vacuum preloading [3]). -is not only
wastes a lot of land resources but also causes secondary

pollution to the environment. -erefore, the rapid separa-
tion of slurry and water has become a major challenge in the
engineering field.

Historically, geotextile bag method [4–6] and vacuum
filtration [7, 8] are commonly used for separation of slurry
and water. In geotextile bag dewatering, slurry is pumped
into a geotextile bag, and the weight of the slurry is used to
filter out water and retain soil particles in the geotextile bag.
In vacuum suction filtration dewatering, a vacuum suction
filter tube is installed in the slurry to accelerate the dew-
atering through negative pressure. -e biggest problem with
these two methods is that it is prone to blockage [7–12],
which leads to a reduction in the dewatering efficiency. To
address the problem of geotextile blockages, engineers and

Hindawi
Advances in Civil Engineering
Volume 2020, Article ID 2423071, 11 pages
https://doi.org/10.1155/2020/2423071

mailto:181604010055@hhu.edu.cn
https://orcid.org/0000-0002-7777-6486
https://orcid.org/0000-0001-6458-4867
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2020/2423071


technicians periodically apply pressure and suction to the
bottom slurry filter tube, which reduces the blockage, but
does not significantly increase the drainage efficiency [7, 13].
In the field of municipal sludge dewatering, mechanical
dewatering methods, such as the plate-frame filter press [14]
and belt filter press [15], are widely used. To improve the
dewatering efficiency, flocculants, such as polyacrylamide
[16] and polyaluminium chloride [17], are added to pretreat
the sludge, which can reduce the loss of fine particles [18]
and accelerate the dewatering time [19–22].

Currently, waste slurry treatment is guided by knowl-
edge from the sludge dewatering field. First, flocculant is
added to flocculate and concentrate the slurry, and then the
concentrated slurry is dewatered by mechanical pressure
filtration. In the process of slurry treatment, flocculant and
pressure filtration are a continuous and integrated process.
Flocculation changes the properties of slurry and further
affects its pressure filtration dewatering performance
[18–22].-erefore, the selection of flocculants and its dosage
are particularly important. However, most researchers only
select the flocculant and its dosage according to the effect of
slurry flocculation and settlement, ignoring its influence on
the pressure filtration dewatering performance of slurry
[23–25], which is not inclusive.

-e present study investigated the treatment of engi-
neering waste slurry placed in the Nanjing Slurry Com-
prehensive Disposal Center. A flocculation settling test was
carried out using various inorganic and organic flocculants,
and the changes in the properties of the slurry after floc-
culation and the effect of pressure filtration dewatering, were
tested. From the basic properties of the flocculated slurry,
the reasons for the difference of flocculation effect of dif-
ferent flocculants and the potential mechanism of floccu-
lants affecting pressure filtration dewatering performance of
slurry are discussed. -rough the above discussions, a
flocculant selection method based on flocculation effect and
pressure filtration dewatering effect is attempted to find out.
-e results of the present study provide a reference for the
treatment of high-water-content engineering waste slurry.

2. Materials and Methods

2.1. Materials

2.1.1. Slurry. Waste slurry stored in the Nanjing Compre-
hensive Disposal Center was used in this investigation. -e
basic physical properties of the slurry were determined
according to the Standard of the Geotechnical Test Method
(GB/T 50123-1999) (see Table 1). -e water content of the
slurry was as high as 900% (water content is defined as the
ratio of water mass to the dry matter mass). -e particle size
distribution curve of the slurry was measured using a laser
particle size analyzer (Malvern Mastersizer 2000). Figure 1
shows grain size distribution of the slurry. It can be seen that
the slurry particle size is small, and the proportion of
particles smaller than 75 µm is as high as 86%.

2.1.2. Flocculants. Five kinds of flocculants were used in this
experiment. Two were inorganic and three were organic

polymers. -e inorganic flocculants used were ferric chlo-
ride (FeCl3) and polyaluminium chloride (PAC). -e or-
ganic polymer flocculants used were cationic polyacrylamide
with a relative molecular weight of 3 million (CPAM3),
cationic polyacrylamide with a relative molecular weight of
12 million (CPAM12), and anionic polyacrylamide with a
relative molecular weight of 12 million (APAM12). -e
flocculants should be used in the solution form. Suitable
hydrolysis concentrations and dosage ranges for the floc-
culants used in the present study were known from some
literatures [16, 17, 23–25]. -e hydrolysis concentration of
the flocculants used and the five dosages of each flocculant
are given in Table 2. -e solution concentration refers to the
mass concentration. -e dosage of flocculants added was
based on the dry weight of the soil in the slurry. For example,
0.1% refers to a flocculating solution prepared from 0.1 g
PAM that was added to 1000 g slurry with a water content of
900%.

2.2. Methods

2.2.1. Flocculation Settlement Test. 1200ml of slurry was put
into a beaker, stirred for 3 minutes at a speed of 200 r/min to
ensure uniformity. -en, the prepared flocculant solution
was added to the slurry, stirred for 1 minute at a speed of
100 r/min and then quickly poured into a measuring cyl-
inder until the 1000ml scale line was reached.-e slurry was
then allowed to settle naturally for 7 hours (Figure 2).

Recording the readings of the measuring cylinder every 5
minutes, the water content of slurry at a given time can be
estimated. -e calculation process is as follows.

Firstly, the solid particle mass (m0) of slurry in the beaker
before adding flocculant solution is calculated using the
following equation:

m0 �
V0ρ

1 + w0
, (1)

where V0 (1200ml) is the volume of the slurry sample in the
beaker, w0 (900%) is the initial water content of slurry, and ρ
(1030 kg/m3) is the density of the slurry sample in the beaker.

-e quality (m1) of water in slurry in the beaker before
adding flocculant is calculated using the following equation:

m1 � m0w0. (2)

-e quality (m2) of flocculant can be calculated using the
following equation:

m2 � m0n1, (3)

where n1 is the dosage of flocculant (%).
-e quality (m3) of water needed to prepare flocculant

into solution is calculated using the following equation:

m3 �
m2 1 − n2( 

n2
, (4)

where n2 is the concentration of flocculant solution.
Because the quality of flocculant is very small, the effect

of flocculant volume on flocculant solution volume is
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neglected. -e flocculant solution volume V1 can be esti-
mated using the following equation:

V1 �
m3

ρ1
, (5)

where ρ1 (1000 kg/m3) is the water density.
-en, the quality (m4) of slurry solid particles in the

measuring cylinder and the quality (m5) of water in the
measuring cylinder can be estimated from (6) and (7),
respectively:

m4 �
m0

V0 + V1
V2, (6)

m5 �
m3 + m1

V0 + V1
V2, (7)

whereV2 (1000ml) is the volume of sample in the measuring
cylinder.

Finally, the water content (w) of the sediment can be
estimated using the following equation according to the
reading of the measuring.-e influence of a small amount of
solid particles remained in the liquid supernatant was
ignored:

w �
m5 − ρ1 V1 − hS( 

m4
, (8)

where h (cm) is the reading height and S (cm2) is the cross-
sectional area of the measuring cylinder.

After the flocculated slurry had settled for 1 h, 4 h, and
7 h, a small amount of supernatant was taken to measure the
suspended solid (SS) matter content. A laser particle size
analyzer and a zeta potentiometer were used to measure the
size of slurry aggregates and the zeta potential. To obtain
actual size data of the aggregates in the mud, the ultrasonic
system of the laser particle size was closed, and a series of
pump speed and sampling times were selected to optimize

Table 1: Basic properties of the slurry.

Water content (%) Density (kg/m3) Liquid limit (%) Plastic limit (%) Organic content (%)
900 1030 60 24 0.42
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Figure 1: Grain size distribution of the slurry.

Table 2: Flocculant types and dosage.

Flocculant Solution concentration (%) Dosage (%) Purity
FeCl3 10 0.8, 1.6, 2.4, 3.2, 4 Analytical pure
PAC 10 0.4, 0.8, 1.6, 2.4, 3.2 Analytical pure
CPAM3 0.3 0.1, 0.2, 0.3, 0.5, 0.7 Analytical pure
CPAM12 0.3 0.1, 0.2, 0.3, 0.5, 0.7 Analytical pure
APAM12 0.3 0.1, 0.2, 0.3, 0.5, 0.7 Analytical pure

Slurry
Add flocculant

Sediment

Liquid
supernatant

Before flocculating A�er flocculating

Figure 2: Schematic diagram of the flocculation settlement test.
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the measurement parameters [26].-e final pump speed was
1500 rpm and the sampling interval was 5 s in this study.
Under this experimental condition, it is reasonably assumed
that the slurry and water was mixed sufficiently with no air
bubbles and the break of flocculation in a short time period.
-us, the measured size of the aggregates could be used for
qualitative analyses [27].

2.2.2. Pressure Filtration Dewatering Test. -e slurry pres-
sure filter device shown in Figure 3 was used to simulate the
mechanical dewatering of the flocculated slurry. Me-
chanical dewatering uses an external force to drain the
water in the slurry from the pores. -e device consists of a
plexiglass column, a piston, a beaker, a data acquisition
device, and a pneumatic device. At the bottom of the or-
ganic glass column, gravel sand with a particle size of
2–5mm was installed as the permeable layer (mainly for
drainage) and was saturated by the reverse saturation
method so as to avoid affecting the measurement of the
mass of filtered water.-en, a layer of geotextile was laid on
the top as the filter medium and then flocculated slurry (the
flocculation time of slurry was 1 h, which is determined
according to existing slurry treatment process, the sample
loading quality was recorded, and the water content of
slurry was measured) was poured into the glass column.
-e piston was then installed and the flange was sealed,
pressure was applied to the organic glass column, and the
test was initiated. Pressure filtration lasted 2 h. A data
acquisition device which consists of only one balance was
used to record the quality (mt) of the filtered water during
of slurry pressure filtration.

-e water content (w2) of slurry at a given time in the
process of slurry pressure filtration was calculated using the
following equation:

w2 � w1 −
mt 1 + w1( 

m6
, (9)

where w1 is the water content of mud before filter pressing
(%), m6 is the quality of the slurry sample (g), and mt is the
balance reading of the filtered water quality at a given time
(g).

3. Results and Discussion of Flocculation
Settlement Test and Basic Properties of
Flocculated Slurry Test

3.1. Result of Flocculation Settlement Test. Five types of
flocculants were used to flocculate and settle the slurry. Each
flocculant was applied in five dosages (see Table 2). A total of
25 groups of tests were carried out. -e water content of the
sediment was calculated by measuring the cylinder reading,
and the water content curve of the sediment was drawn. -e
SS content in the supernatant at different times was mea-
sured at selected times and a SS curve was drawn. Figure 4 is
the change curve of slurry water content after adding
CPAM12. It can be seen that the flocculation settling speed
of slurry was greatly increased when the dosage of CPAM12
is added from 0.1% to 0.2%, and the water content of the

slurry decreased by about 360% at 5 minutes. When more
CPAM12 was added, the curve of the slurry water content
did not significantly change. Figure 5 shows the SS curve of
the slurry supernatant after adding CPAM12. It can be seen
that the SS of the slurry supernatant did not meet the
Standard for the Pollutant Discharge from Urban Sewage
Treatment Plant (GB 18918-2002) (50) when 0.1% of
CPAM12 was added. When the dosage of CPAM12 added
was increased to 0.2% or more, the slurry supernatant met
the discharge standard.-is also can be seen intuitively from
Figure 6. After considering the economic benefits, 0.2% was
chosen as the optimum dosage of CPAM12 to be added. An
identical approach was used to select the optimal dosage for
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Figure 3: Schematic diagram of the slurry filter press.
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Figure 4: Water content curves of sediment with time after adding
CPAM12.
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the other 4 flocculants. Table 3 shows the comparison results
of flocculant dosages.

Figure 7 shows the variation curve of water content of
the sediment with the 5 flocculants applied (using the op-
timum dosage). It can be seen that the natural settling speed
of the original mud was slow, and the water content of the
sediment was still as much as 600% after 7 hours. After
adding flocculant and allowing natural settlement for 7
hours, the water content of the sediment was about 100%–
200%, which is about 400%–500% lower than that of the
original slurry. -is shows that adding flocculant can sig-
nificantly increase the flocculation settlement rate of slurry
particles and rapidly reduce the water content of slurry.

After adding FeCl3 and PAC, the variation in water
content of the sediment was approximately the same, and the
water content of slurry after natural settlement for 7 h was
almost the same. After the addition of CPAM3, CPAM12,
and APAM12, the settling speed of slurry particles increased.

At 5 minutes, the water content of sediment was about 200%,
which is about 600∼700% lower than that produced by the
inorganic flocculants. However, the water content of the
slurry after 7 hours of flocculation was little different from
that when inorganic flocculants were used. In general, the
flocculation effect of organic macromolecule flocculants was
better than that of inorganic flocculants. Organic flocculants
can realize the rapid separation of slurry and water and
facilitate later treatment.

3.2. Analysis of Slurry Particle Size. -e distribution of slurry
aggregates after adding the five flocculants (optimum dos-
age) was measured using a laser particle size analyzer.
Figure 8 shows the aggregate frequency distribution of slurry
with the five flocculants and without a flocculant. It can be
seen that the aggregate frequency distribution curve of mud
aggregates after adding CPAM3, CPAM12, and APAM12
shifts to the left compared with that of mud without added
flocculant. -e aggregate content with a particle size of
greater than 100 micron in the mud after adding PAM is
clearly larger than that of the original mud. -e particle size
curve for the slurry with inorganic flocculants also shifted to
the left, but the range was smaller than that for the organic
polymer flocculant. -is shows that the flocculant ag-
glomerates the particles in the slurry, and the size of the
particles formed in the slurry after adding PAM is larger
than that for inorganic flocculant. -us, the flocculation
settling speed of the slurry after adding PAM is the fastest,
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Figure 5: -e change curve of SS in supernatant with time after
adding CPAM12.
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Figure 6: Photo of slurry settlement 1 h after the addition of
CPAM12.

Table 3: Optimum dosage of flocculants.

Flocculant Optimum dosage (%)
FeCl3 1.6
PAC 0.8
CPAM3 0.3
CPAM12 0.2
APAM12 0.3
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Figure 7: Water content curve of sediment using different
flocculants.
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followed by the slurry with inorganic flocculant and original
slurry. -ese changes in the settling rate are consistent with
the water content change curve for the sediments (Figure 7).
It can therefore be concluded that the agglomeration of
slurry particles by flocculants is the reason for the rapid
flocculation and settling of slurry, and the larger the ag-
gregate size is, the faster the settling speed is.

3.3. Analysis of Slurry Zeta Potential. -e zeta potential is an
important index that measures the stability of colloids and
reflects the ability of colloidal particles to repel or attract
each other. -e zeta potential of the slurry with flocculant
was measured using a laser particle size analyzer. Figure 9
shows the zeta potential curve for the slurry with flocculant.
It can be seen that the addition of flocculant caused the
slurry zeta potential to change. After adding APAM12 (with
a negative charge after hydrolysis), the zeta potential of
slurry (generally taken as an absolute value) shows an up-
ward trend, while after adding the other 4 flocculants (with a
positive charge after hydrolysis), the zeta potential of slurry
shows a downward trend. -is indicates that flocculant
cations after hydrolysis can repulse cations attracted by
negative charges on the surface of soil particles, thus
compressing the double layer and reducing the zeta po-
tential. -e smaller the zeta potential is, the smaller the
repulsion force between particles is and the easier it is to
aggregate into clusters [28]. After adding inorganic floc-
culant, the zeta potential of slurry decreased significantly.
-is decrease was the main cause of the flocculation set-
tlement of the slurry.

When compared with inorganic flocculants, organic
macromolecule flocculants had less influence on the zeta
potential of the slurry, and even APAM12 increased the
slurry’s zeta potential. -erefore, the ability of particles to
aggregate when organic flocculant is added is weak. How-
ever, after adding PAM, the size of aggregates produced by
the slurry is generally larger than that after adding inorganic

flocculants (Figure 8). Compared with the reduction in zeta
potential, adsorption bridging [29] (see Figure 10) of organic
polymer flocculants can more easily agglomerate slurry and
play a dominant role in promoting flocculation and set-
tlement of slurry. -is explains why the flocculation effect of
organic polymer flocculant is better than that of inorganic
flocculant.

4. Results and Discussion of Pressure Filtration
Dewatering Test

4.1. Effect of Different Flocculants on Dewatering Performance
of Slurry. Slurry with the different flocculants (optimal
dosage) was dewatered by pressure filtration with the device
depicted in Figure 3. -e pressure was 0.8MPa. If slurry
without flocculant is included, a total of 6 groups of ex-
periments were carried out. -e water content of slurry at
different times was determined from the quality of the fil-
tered water, and a water content curve for the slurry was
drawn (Figure 11). Table 4 provides the specific values used
in Figure 11. It can be seen that when no flocculant is added,
it takes a long time (∼100 minutes) for slurry pressure fil-
tration to reach stability (water content no longer changes
with time), and the final water content of the mud cake was
39.1%. When dosed with flocculant, the time required to
achieve stability and the final water content of the mud cake
are reduced (Table 4). -e results show that all five floc-
culants can improve the pressure filtration dewatering
performance of slurry.

When compared with the slurry without flocculant, the
time required for slurry pressure filtration to reach stability
was decreased by 15 minutes, 30 minutes, and 45 minutes
after adding CPAM3, APAM12, and CPAM12, respectively.
-e final water content of the mud cake was reduced by
10.8%, 11%, and 11.2%, respectively. -e addition of
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Figure 8: Aggregate frequency distribution of slurry without
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CPAM12 resulted in the largest reduction in the time re-
quired for slurry pressure filtration to reach stability, and the
final water content of the mud cake was reduced the most.
-is shows that, of the selected PAMs, CPAM12 is the best at
improving the dewatering performance of slurry.

When compared with the slurry without flocculant, the
time required for slurry pressure filtration to reach stability
was decreased by 70 minutes and 50 minutes after adding
FeCl3 and PAC, respectively, and the final water content of
the mud cake was reduced by 7.5% and 8.7%, respectively.
FeCl3 can improve the dewatering performance of slurry
better than PAC. After adding inorganic flocculant, the time
needed to stabilize the slurry filter press is lower than that
after adding CPAM12, although the water content of the
mud cake is slightly higher. In general, although inorganic
flocculants have a relatively poor flocculation and settlement
effect, they can significantly improve the pressure filtration
dewatering performance of the slurry. Finally, considering
the flocculation settlement effect of slurry, CPAM12 is

considered to be the best to improve slurry treatment effi-
ciency in this study.

4.2. Influence of Different Pressures on Dewatering Effect of
Slurry. CPAM12 had better flocculation and dewatering
effect in the present study and was selected to investigate the
effect of different pressures on the dewatering performance
of slurry. -e dosage used was 0.2%. Figure 12 shows the
curve of the time required for the slurry to reach stability
after adding CPAM12 under different pressures, and the
change in the final water content of the mud cake. It can be
seen that the time to reach stability and the final water
content of the mud cake, decreased as the pressure was
increased. -us, increasing the pressure can improve the
dewatering effect of the slurry. When the pressure was in-
creased from 0.4MPa to 0.8MPa, the time required for
slurry pressure filtration to reach stability and the final water
content of the mud cake, showed a large decrease. When the
pressure was increased from 0.8MPa to 1.2MPa, the final
water content of the mud cake was reduced by only 0.6%,
and the time required for slurry pressure filtration to reach
stability remained unchanged. -is shows that a pressure of
0.8MPa is essentially sufficient to maximize the effect of
slurry filtration and that increasing the pressure will not
significantly improve slurry filtration.

4.3. Effect of Slurry Particle Size onDewatering Performance of
Slurry. CPAM12 was selected to study the effect of slurry
particle size on the dewatering performance of the slurry. As
can be seen in Figure 4, when different dosages of CPAM12
were added, differences in the water content curve of the
slurry resulted, indicating that the sizes of the aggregates
produced in the slurry were also different. A laser particle
size analyzer was used to measure the particle size of the
slurry after adding different dosages of CPAM12, and a
particle size distribution curve was obtained (see Figure 13).
It can be seen that, with the increase of CPAM12 dosage, the
particle size distribution curve of the slurry shifts to the left
when compared with the original slurry. To characterize the
aggregate size, D10, D30, and D60 (Dx refers to the particle
size that the x% particle size in the slurry was less than this
value) were presented in Table 5.When the flocculant dosage
was increased, D10, D30, and D60 increased. However,
when the dosage was increased tomore than 0.3%, the curves
were only slightly changed from the 0.3% dose curve.

-e water content of the slurry after the addition of
different dosages of CPAM12 and 1 h of flocculation was
adjusted to 190% by adding water, so as to avoid the possible
influence of different initial water contents of slurry on the

Flocculant molecule Slurry particles Aggregate

Figure 10: Illustration of the function of flocculant adsorption bridging (adapted from [29]).
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Table 4: Results of pressure filtration test.

Flocculant
Time required for pressure
filtration to reach stability

(min)

Final water content
of mud cake (%)

— 100 39.1
CPAM3 85 28.3
APAM12 70 28.1
CPAM12 55 27.9
PAC 50 30.4
FeCl3 30 31.6
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dewatering performance of slurry. -e device depicted in
Figure 3 was used to test the effect of slurry pressure fil-
tration. -e pressure was 0.8MPa. A water content change
curve was compiled (Figure 14). It can be seen that when the

dosage is 0.1%, it takes a long time (85minutes) for the slurry
pressure filtration to reach stability. When the dosage was
increased to 0.2%, the time required for the slurry to reach
pressure filtration stability was 55 minutes. -is is signifi-
cantly shorter than that for the 0.1% dosage, and the water
content was also reduced. When the dosage was 0.3%, the
time required for the slurry pressure filtration to reach
stability was 50 minutes, only 5 minutes less than that of
0.2% dosage, and the water content was little changed from
the 0.2% dosage. Further increases in dosage did not cause
significant reductions in the time required for the slurry
pressure filtration to reach stability and in the final water
content of the mud cake.

To further explore the relationship between particle size
and the dewatering performance of slurry, variation curves
for stability time and the nonuniformity coefficient of slurry
pressure filtration were compiled (Figure 15). It can be seen
that, with the increase in flocculant dosage, the nonuni-
formity coefficient decreases gradually, as does the time
required for pressure filtration to reach stability. In soil
mechanics, the larger the nonuniformity coefficient of soil
particle is, the better the particle gradation is. -e soil
contains sufficient small particles to fill the pore spaces
formed by large particles, and the soil is easily compacted.
Conversely, soil with a small nonuniformity coefficient is not
easily compacted. In the present study, the time required for
the stabilization of slurry pressure filtration decreased with
the decrease in slurry particle size distribution, which in-
dicates that the behavior of the high water content slurry can
be explained in terms of the nonuniformity coefficient. -e
larger the nonuniformity coefficient is, the easier it is for the
fine particles in the slurry to fill the pore spaces formed by
large particles. -is reduces the pore size of the slurry
particles and blocks the drainage channels, thereby reducing
the drainage rate. At the macroscopic level, it takes a long
time for slurry filtration to reach stability.
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Figure 12: Effects of changing pressure on the time required for
slurry filtration to reach stability and the final water content of the
mud cake, after adding CPAM12.
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Figure 13: Grain size distribution of the slurry with different
dosages of CPAM12.

Table 5: Summarized measurements of slurry aggregate size after
adding different dosages of CPAM12.

Dosage of CPAM12 (%) d10 (μm) d30 (μm) d60 (μm) Cu

0 2.21 7.72 26.2 11.85
0.1 4.4 16.8 50.5 11.48
0.2 8.85 29.3 89.5 10.11
0.3 13.32 46.5 127.1 9.54
0.5 14.41 51.3 134.2 9.31
0.7 15.1 53.2 138.1 9.14
Note. Cu � (d60/d10) is the nonuniformity coefficient used to evaluate the
gradation of soil particles.
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Figure 14: Water content change curve of slurry pressure filtration
with different CPAM12 dosages.
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Compared with the organic polymer flocculant, the
inorganic flocculant can make the slurry form aggregates
with smaller particle size and the flocculation settling effect is
poor, but inorganic flocculants can significantly improve the
pressure filtration dewatering performance of the slurry
(Table 4). CPAM3, CPAM12, and APAM12 can all make the
slurry flocculate and settle rapidly, but only CPAM12 can
significantly improve the dewatering performance of the
slurry (Table 4). To determine whether these differences are
related to the gradation of the slurry particle after floccu-
lation, the distribution of aggregates in the slurry after
adding inorganic and organic flocculants at the optimum
dosage was measured (see Table 6). -e results were com-
bined with data from Table 4, and the variation curves of the
nonuniformity coefficient and the time required for the
stability of the slurry after adding different flocculants were
compiled (Figure 16). It can be seen that the time required
for pressure filtration stabilization decreased with the de-
crease in the nonuniformity coefficient. -e addition of the
inorganic flocculant FeCl3 resulted in the lowest nonuni-
formity coefficient for the slurry. -e addition of PAC
resulted in the second-lowest nonuniformity coefficient.
After the addition of CPAM12, the nonuniformity coeffi-
cient of the slurry is lower than that of the slurry after the
addition of CPAM3 and APAM12. -is also shows that
flocculants improve the pressure filtration dewatering per-
formance of slurry by making the particle size distribution
more uniform, and the smaller the nonuniformity coefficient
is, the better the pressure filtration dewatering performance
of the slurry is.

Because flocculants can agglomerate slurry particles into
aggregates and change their gradation, flocculants can im-
prove the dewatering performance of slurry. In addition, the
different dosages can also affect the nonuniformity coeffi-
cient of slurry. Flocculant and dosage can therefore be se-
lected by testing the nonuniformity coefficient of the
flocculated slurry.-is will enable the dewatering effect to be
predicted and thereby improve the slurry treatment
efficiency.

5. Concluding Remarks and Future Research

In this study, a flocculation settling test on waste slurry was
carried out using various inorganic and organic flocculants,
and the changes in the properties of the slurry after floc-
culation and the effect of pressure filtration dewatering were
tested. Ultimately, the influence of the change of the basic
properties of the slurry on flocculation settlement and
pressure filtration of the slurry was analyzed. -is study has
yielded the following conclusions:

(1) -e addition of flocculant makes the slurry particles
form aggregates, which led to rapid precipitation of
the slurry. Inorganic flocculants significantly re-
duced the zeta potential value of the slurry. Although
organic macromolecule flocculants had little effect
on the zeta potential, they can produce larger size
aggregates, thereby resulting in a better flocculation
effect than inorganic flocculants.

(2) Inorganic and organic flocculants can improve the
dewatering performance of slurry. Of the flocculants
for pressure filtration dewatering test, PAC, FeCl3,
and CPAM12 gave the better results. Considering the
flocculation settlement effect of slurry, CPAM12 is

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
40

60

80

100

120

140

Ti
m

e (
m

in
)

Dosage of CPAM12 (%)

8

9

10

11

12

C u

Time
Cu

Figure 15: Change curves of the time required for pressure fil-
tration to reach stability and of the nonuniformity coefficient for
different dosages of CPAM12.

Table 6: Summary of measurements of slurry aggregate size after
adding different flocculants.

Flocculant Dosage (%) d10 (μm) d60 (μm) Cu

— — 2.21 26.2 11.85
CPAM3 0.3 11.5 131.1 11.4
APAM12 0.3 4.8 51.9 10.81
CPAM12 0.2 8.85 89.5 10.11
PAC 0.8 3.3 31.2 9.45
FeCl3 1.6 3.8 33.4 8.78
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Figure 16: Change curve of the time required for pressure filtration
to reach stability and of the nonuniformity coefficient for different
flocculation treatments (original refers to slurry without adding
flocculant).
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considered to be the best to improve slurry treatment
efficiency. With increased pressure, the dewatering
effect on the slurry gradually improves, until it
reaches a certain value. Subsequently, increases in
pressure do not lead to further improvements in the
dewatering of the slurry.

(3) Different flocculants and different dosages change
the nonuniformity coefficient of the slurry. Change
in the nonuniformity coefficient is the main cause of
improvement of pressure filtration dewatering per-
formance of the slurry. -rough testing the non-
uniformity coefficient of flocculated slurry, the
optimal flocculant can be selected and the optimum
dosage can be determined. -is allows the dew-
atering effect to be predicted, thereby improving the
slurry treatment efficiency.

(4) In the future, a microscopic test, such as test on the
pore characteristics of the mud cake, is needed to be
performed to further verify the mechanism of floc-
culants improving the dewatering performance of
slurry.
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