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Cemented paste backfill (CPB) can effectively eliminate the risk of dam break in goaf and tailings pond which used tailings waste.
Deep cone thickener (DCT) is an efficient machine for the system of paste preparation, and the concentration of slurry at the
bottom is high and distributed unevenly, which will cause too much partial resistance and failure of thickener. Focusing on the
above problems, fluidization design was conducted by using the fluidization theory.,e delivery law of flocs was analyzed, and the
isobaric surface was obtained.,e equation of pressure and critical velocity of the ideal fluidized bed was acquired by analyzing the
relationship between pressure and critical velocity. Based on the characteristics of tailings and distribution of the bonding zone,
the arrangement, number, and working mode of spray nozzles were reformed. It is verified that the failure time of thickener
decreased from 14 hours to 1 hour and the range of concentration increased from 74%∼78% to 78%∼80%, which improved the
stability and reliability of DCT. ,e depth thickening mechanism is obtained, and the thickening method has been improved
which provides a theoretical basis for the effective preparation of paste.

1. Introduction

At present, mine tailings are often discharged into tailings
ponds for its cost efficiency and convenience, where solids
and liquids are separated by gravity [1, 2]. However, direct
disposal into tailings ponds cannot be widely used in the
modern era due to its intrinsic drawbacks [3]. To dispose of
mineral tailings in a technical, environmental, and eco-
nomical way, the cemented paste backfill (CPB) technology
is proposed and widely adopted [4–6]. CPB is a complex
material composed of multiscale materials produced with
dewatered tailings (70–85% solids by weight), hydraulic
binders (3–7% by dry paste weight), and water [1, 7–10].
CPB provides safe, green, and efficient technical guarantee
for underground goaf treatment and tailings disposal
[11, 12]. CPB may become the only scheme for safe and
green mining of deep resources. ,e fluidity, rheology, and
settling property are the important indexes that affect the
preparation of paste [13–15]. ,rough gravity and chemical

and mechanical action, the deep cone thickener can prepare
low-concentration tailings into high-concentration tailings
for paste filling. Dewatering plays an important role in the
thickening performance of tailings slurry [16]. Many
scholars have claimed that the dewatering of tailings can
reduce the costs of the facility, increase the mineral recovery,
and save water [17–19]. ,ickened tailing technology is
advantageous when used for the saving of water in mines
[20, 21].

,e ordinary thickener and filtration equipment have
been widely applied in China with dehydration and thick-
ening technology of unclassified tailings [22, 23], but it
cannot satisfy the requirement of high-concentration paste
preparation. Deep cone thicker (DCT) is the main equip-
ment of tailings dehydration and thickening for the prep-
aration. According to Jiao et al.’s experimental analysis, the
Box–Behnken design in RSM is an appropriate and powerful
approach for the optimization of flocculation and settling
parameters of nickel tailings slurry [24–26]. Jiao studied the
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shear effect through continuous thickening and computed
tomography (CT) scanning tests and revealed the shearing-
dewatering performance of the tailings bed [27].

,e underflow concentration can achieve 75%∼78%
under the condition of less than 30% of the feed concen-
tration. Failure of thickener happened easily for fluctuation
of the feeding quality, and too much partial resistance led to
overloading of mud scraping harrow. ,e influencing time
of a failure of thickener was more than 14 h [28], which
seriously affected the filling operation [29, 30]. ,e main
factor of failure of DCT is high partial concentration, leading
to exceeding torsional moment of equipment in the thick-
ener. If the thickener slurry can be homogeneous and flu-
idized, it will avoid the formation of filter cake at the bottom
of the equipment [31]. ,e above research provides a variety
of guidance for the development of tailings thickening, so
that tailings with different grading and quality standards can
get better underflow concentration through certain technical
means. However, for some materials, because of the too fast
thickening rate, it is easy to cause accidents such as rake
pressing, and the concentration discharge is not stable,
which seriously restricts the thickening effect.

In order to improve the homogenization of materials at
the cone bottom, based on the fluidized principle, it was
proposed that nozzles can be added at the bottom of the
harrow [32].,e nozzles could loosen tailings slurry by some
media and liquefy the tailings so that the system could restart
after harrow halted [33], which can reduce the processing
time and improve operational efficiency.

2. Fluidization Mechanism of Tailings in DCT

2.1. Mechanism of DCT Discharging Tailings. Tailings de-
posit at the bottom of the cone in the process of settle-
ment; meanwhile, water segregates from the tailings and
flows upon the tailings, and the obvious interface occurs
[34, 35]. ,e floc structure of ultrafine tailings is formed
under the action of flocculating agents, and the floc
structure realizes the overall settlement by the gravity.
Under the mechanical shear of the rake frame, the closed
water is released and the concentration is further in-
creased. At the beginning of discharging tailings, on the
one hand, tailings pore water moves down with solid
particles. On the other hand, it permeates through the
pore space net into tailings discharging spray nozzle [36].
,e motion water pressure P, which is imposed by water
on tailings, is invoked by the velocity difference between
the two-phase materials [37].

,erefore, during the tailings discharging process, the
flow of the sand body in the DCT will form a tailings
discharging funnel, as shown in Figure 1. ,e funnel de-
velops upward from the discharging spray nozzle [38].
When it expands to a certain height and arrives at the whole
section of DCT, we define the volume higher than the
section as unclassified tailings flow part, while the lower
volume is defined as the funnel part [39].,e tailings in two
sides of the funnel are consolidated by the tailings upon
them and form a bond zone with high concentration and a
certain strength. Because of the permeation of the water

flow, the oversaturated water in the C part permeates into
part B. Furthermore, the fluidization range is expanding
gradually.

2.2. Pressure Drop in the Fluidized Bed. With setting jet
nozzle in DCT, the fluidized medium is pumped to make the
granular tailings loose and fluidized. ,e nozzle is generally
arranged at the bottom of the thickener in the form of ring or
matrix arrangement. According to the change of bottom
pressure, high-concentration tailings are fluidized by
spraying high-pressure water or gas through nozzle. Under
ideal condition, the relationship between the pressure drop,
which resists the flow resistance, and the flow velocity is
shown in Figure 2.

When the flow velocity is low, the bed, which is com-
posed of a large number of inert particles, is stationary. ,e
fluid only flows through the particle pore space. In this
period, the tailings are fixed bed. With the velocity speeding
up, the turbulence capability enhances and the frictional
resistance increases, which generates when the fluid flows
through the bed, and the pressure drop rises correspond-
ingly, as shown in section AB of Figure 3. As the velocity
reaches an exact speed, the tailings step into the fluidized
phase [40].

During the period of the fluidized bed, the pressure drop
whose value is equal to net gravity in a unit area in the whole
bed is constant [3, 7, 41]. ,e CD section in Figure 2 shows
the relationship between Δp and U in that period. If the
fluidized bed velocity decreases, bed height and porous rate
reduce, respectively. ,e relationship of Δp-U returns along
the DC line. As it reaches point C, the solid particles contact
each other and become a motionless stable bed. If the ve-
locity continues to decrease, the variation of bed pressure
drop will no longer follow the broken line CBA but align
with the line CA. ,e velocity corresponding to point C is
called as critical fluidized velocity Umf, which defines the
minimum fluidized velocity.
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Figure 1: Flow part during deep cone thickener discharging
tailings.
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,e pressure drop in fluidized bed can be calculated by
the equation which fits the balance between the friction of
particles and fluid and its net gravity. With the flow velocity
speeding up, the bed height and porosity ε increase together,
but Δp stays the same. ,e pressure drop for the whole
fluidized bed is

Δpf � Hmf ρs − ρ(  1 − εmf g, (1)

where Δpf is the pressure drop in the fluidized bed, Pa; Hmf
is the height of the initial-fluidized bed; εmf is the porosity of
the initial-fluidized bed; ρs is the solid density of tailings; and
ρ is slurry density.

2.3. Critical Fluidized Velocity Umf. For fine particles, we
employ Carman–Kozeny formula to illustrate the rela-
tionship between the pressure drop and flow velocity in the
initial-fluidized point [41].

ΔPf �
5 1 − εmf 

2

ε3mf

S
2
0μHmfUmf, (2)

where S0 is the particles specific surface area; u is fluid
viscosity; and Umf is the critical fluidized velocity.

εm � 1 − Cvm, (3)

Cvm �
1

1 + 1/Cwm(  − 1(  ρf/ρs  
, (4)

where Cvm is volume concentration; Cum is the weight
concentration; and ρf is the density of fluidized bed. ,us,
we can figure out Cum and Cvm after the process parameters
are designed. Also, the critical fluidized velocity can be
computed with the following equation:

Umf �
g ρs − ρf 

5S20μ
ε3mf

1 − εmf

. (5)

3. Fluidization Reform of DCT

3.1. Fluidization Arrangement and Parameters of Spray
Nozzles. Tailings in Huize mine are finer with the average
particle size of 75.6 μm and the porosity of 36.4%. ,e
percentages of particle size of tailings less than 20 μm and
74 μm are 40% and 73.3%, respectively. ,e distribution
range of tailings grading is wide when the coefficient of
uniformity Cu> 5, and tailings exhibit good gradation and a
high compaction rate when the curvature coefficient
Cc� 1–3. ,ese tailings are well graded given that their Cu
and Cc values are 17.6 and 1.3, respectively. ,us, these
tailings benefit the paste preparation process. ,e tailings
produced in Huize lead-zinc mine have certain cohesiveness
and certain accumulation strength, which is easy to cause
accidents of pressure rake and uneven concentration during
tailings release. ,e particle size continuity of unclassified
tailings is better, with a larger distribution range and uni-
form distribution, as shown in Figure 3.

In the process of using DCT to discharge slurry, the
dehydration of tailings in the bonding zone will form a
bonding zone on the lateral wall of the cone [38]. ,e
bonding zone constitutes the funnel pipe for the discharging
slurry with certain stacking strength, which is the main
reason for the failure of thickener, uneven concentration of
slurry, and other accidents. Near the central axis, the liquid
level of the discharging funnel is lower, while the liquid level
far from the central axis does not change, which causes the
side surface of the discharging funnel to form the obvious
hyperbolic shape. ,e spray nozzles are arranged along the
side surface of the bonding zone, appearing inverted pyr-
amid gradient, because the side surface of the funnel is the
surface of a hyperbolic revolving body, as shown in Figure 4.
In order to form a uniform disturbed zone, it is considered
that nozzles are arranged on stirring harrow.

,e function of nozzle is to provide high-energy and
high-speed fluid, form fluidization zone, reduce high-
concentration tailings, and make them uniform. High-
pressure water can not only disperse the agglomerated
tailings but also provide water and reduce the system
concentration. High-pressure gas only plays a role of

lgUlgUmf

lgΔP

A A′

B C D

Figure 2: ,e relationship between Δp and U in the ideal fluidized
bed.
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Figure 3: ,e particle size distribution of unclassified tailings.
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dispersion and does not change the average concentration of
the whole system.

3.2. Fluidization Parameters. In the ideal state, the larger the
range of fluidization zone, the better the overall mobility of
sand bodies and the more stable the system operation
[42–44]. In the practical application, the maximum value of
the solid bed height of the sand body was designed as 7m.
According to the law of bed expansion, the height of the
fluidized bed is

Hf �
1 − ε0( H0

1 − εf 
, (6)

where H0 is the height of a fixed bed, m; Hf is the height of
the fluidized bed, m; ε0 is the porosity of fixed bed; and εf is
the porosity of fluidized bed.

Conduction of extreme settlement tests of tailings slurry
shows the maximum concentration of tailings slurry was
82%, which was employed as the concentration of the fixed
bed, and the corresponding porosity was 39.7%. According
to the actual operation of the deep cone, when the

concentration was 76%, the fluidity of the slurry was the best,
so the fluidized bed concentration was determined as 76%
and the corresponding porosity was 46.0%. According to
formula (6), the height of the deep cone fluidized bed was
7.8m, and according to formulas 1–6, the working pressure
of nozzle was 0.432MPa. Combining the rated discharge
capacity and the volume concentration of the fixed bed, the
nozzle flow rate was calculated as 5.86m3/h.

3.3. System Reform and Application Effect. Under the dis-
turbance of the rake frame, the floc structure is broken, the
closed water is released, and an upward migration channel is
formed. ,e water content is reduced and the tailings
concentration is further increased. ,e reform focus was the
arrangement and number of spray nozzles. ,e vertical axis
of DCT and harrow rotated in a clockwise direction, as
shown in Figure 5. ,e nozzles were arranged at the front of
the mud scraping plate, fixed on the inner side of the scraper
and connected with the air supply pipe. ,e two wings were,
respectively, installed on 6 nozzles, a total of 12. ,e metal
pipe used for gas supply was fixed on the large harrow frame
and rotated along with nozzles and harrow frame.

Vertical axis

Harrow frame Nozzle

Bonding zone

Side surface of 
bonding zone

Figure 4: Simple view of the arrangement of spray nozzles.

Nozzles
Clockwise rotation

Figure 5: Transformation in the middle of the system and rotation direction of the vertical axis.
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,e specific arrangement of the nozzles is shown in
Figure 6. ,e nozzles were fixed on the inner side of the
scraping plate and connected with an air supply pipe. And
their direction, between which and the horizontal plane was
45°, was parallel to the scraping plate.

When a failure of the deep cone thickener occurs, open the
underflow pump to discharge the high-concentration slurry at
the bottom of the cone. After the slurry level fell to the conical
part, open the nozzle device. At this time, the torque of the
scraper was observed to become smaller (generally decreased
from about 60% to about 30%) and there were bubbles in the
overflow area in the upper part of the cone. Compressing air

for about half an hour, the system was restarted and the mud
scraping harrow was normally operated. Figure 7 shows the
change of the deep cone torque observed by the DCS control
room after opening the nozzle device.

,rough the above method, the failure time of thickener
was decreased from 14 hours to 1 hour, greatly improving
the work efficiency. Meanwhile, the high-pressure process
made the particles uniform and easy to control in the cone.
,e underflow concentration was generally maintained at
around 78%, in line with the requirements of paste prep-
aration. Technical parameter statistics before and after re-
form are shown in Table 1.
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Figure 6: Arrangement plan of spray nozzles.
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Figure 7: ,e variation of torque by time.

Table 1: Technical parameter statistics before and after the reform.

Item Failure time of
thickener (h)

,e concentration of slurry at the
bottom (%) Remarks

Before
reform 14 74–79 ,e concentration was not uniform and the fluctuation

range was bigger.
After
reform 1 78–80 ,e concentration was more uniform and stable at about

78%.
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4. Conclusions

,rough the study of the motion state of unclassified tailings
in the DCT, the movement discipline of tailings was ana-
lyzed. By fluidization theory, fluidization design was con-
ducted for the deep cone system in Huize mine. Field
operation shows that fluidization design decreased the
failure time of the thickener from 14 hours to 1 hour,
improved the stability of the deep cone thickener, and
provided reference values for similar mines.
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I. D. Šutalo, “Raking in gravity thickeners,” International
Journal of Mineral Processing, vol. 86, no. 1–4, pp. 114–130,
2008.

[42] C. Hui, H. Wang, A. Wu, and Y. Wang, “Application and
revamping of deep cone thickener on a mine in harbin,”Metal
Mine, vol. 44, no. 5, pp. 158–161, 2015.

[43] A. S. Atkins, A. Barkhordarian, R. N. Singh, and A. H. Zadeh,
“Pumpability of coal mine tailings for underground disposal
and for regional support,”Advances in Mining Science and
Technology, vol. 2, pp. 401–414, Elsevier, Amsterdam,
Netherlands, 1987.

[44] M. Rahimi, A. A. Abdollahzadeh, and B. Rezai, “Dynamic
simulation of tailing thickener at the Tabas coal washing plant
using the phenomenological model,” International Journal of
Mineral Processing, vol. 154, pp. 35–40, 2016.

Advances in Materials Science and Engineering 7


