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Abstract: In order to accelerate the sedimentation of super-large-scale argillized ultrafine tailings with bad features such as low
settling velocity, muddy overflow water, and large flocculant dosage, a fly-ash-based magnetic coagulant (FAMC) was used in a
dynamic experimental device. To obtain the best possible combination of the impact factors (magnetic intensity, FAMC dosage,
flocculant dosage, and feed speed) for minimum overflow turbidity, a response surface methodology test coupled with a four-factor
five-level central composite design was conducted. The synergy mechanism of FAMC and flocculant was analyzed based on the
potential measurement and scanning electron microscopy. The results show that the flocculant dosage, overflow turbidity, and solid
content can be reduced by 50%, 90%, and 80%, while the handling capacity per unit and efficiency of backfill and dry stacking can
be promoted by 20%, 17%, and 13%, respectively, with a magnetic intensity of 0.3 T, FAMC dosage of 200 mL/t, flocculant dosage
of 30 g/t, and feed speed of 0.6 t/(m>h). Therefore, synergy of FAMC and flocculant has obvious efficiency in saving energy and
protecting the environment by allowing 70x10° t/a of argillized ultrafine tailings slurry to be disposed safely and efficiently with a
cost saving of more than 53x10° Yuan/a, which gives it great promise for use in domestic and foreign mines.

Key words: super-large-scale argillized ultrafine tailings; flocculation and sedimentation; fly-ash-based magnetic coagulant;
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1 Introduction

There is now a general consensus that backfill and
tailings dry stacking are ideal solutions for the safety of
mining goafs and dealing with serious tailings pollutions
on the surface [1,2]. As an important equipment of
backfill and tailings dry stacking, deep-cone thickener is
widely used to obtain high concentration underflow. By
adding flocculants or coagulants, the settling velocity of
fine tailings will be accelerated and the underflow
concentration can be improved to 50%—60% [3]. The
Sijiaying Iron Mine (Hebei Iron and Steel Group, China)
is the biggest iron mine in Asia and produces more
than 70x10°t of tailings slurry annually with a mass
concentration of 20%. Due to the low-grade ore, serious
argillation, and high oxidation, the super-large-scale
argillized ultrafine tailings slurry is full of negatively
charged slimes and ultrafine tailings (SUT). Like poles

repel, and repulsive interactions of different particles
lead to many problems such as low settling velocity and
handling capacity per unit (HCPU), high overflow
turbidity and solids content, and large flocculant dosage.

Flocculation and sedimentation of SUT include
complex physical and chemical reactions [4].
SELOMULYA et al [5] used 3D tomographic imaging to
predict the structure and permeability of flocculated
structures and sediments directly. BURGERA et al [6]
built a mathematical model for batch and continuous
thickening of flocculated suspensions in vessels with
varying cross-sections. FRANKS et al [7] conducted
continuous solid-liquid separations with temperature-
responsive flocculant N-isopropyl acrylamide, which
produced higher concentration underflow but lower
clarity overflow. ZHANG [8] designed a new test
device using microorganisms, degradable modified
polyacrylamide polymer flocculant st-PAM, and calcium
chloride to make full use of high-performance polymer
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agent in coal slurry treatment. These researches provide
an in-depth understanding of the flocculation and
sedimentation of ultrafine particles. Nevertheless,
advanced  materials like  temperature-responsive
flocculant are still at the laboratory test stage, and the use
of microorganisms in flocculation is a long-duration and
complex work, so their widespread use at large scale
cannot be afforded.

Magnetic separation, which is widely used in
wastewater treatment and minerals separation, has shown
great advantages in low investment, small area occupied,
and short period of processing [9]. Magnetic seeds,
which are added and uniformly mixed with the slurry
previously, will adhere to the surface of diamagnetic
particles and make them paramagnetic, and then
sedimentation will be accelerated under the function of a
magnetic field [10]. Fly ash is a solid waste residue of
thermal power plants, with an annual output of 5x10° t
all over the world [11,12]. However, the current
recycling rate of fly ash is only 15%, and billion tons of
untreated fly ash may cause serious environmental
problems by polluting the water, atmosphere, soil, and
landscape through dust generation [13]. Meanwhile, fly
ash is rich in magnetic Fe;O4 [14], making it a rich
resource and low-cost magnetic seed. Due to its various
surface structures and potentially many chemically active
points, fly ash needs to be modified by acid leaching for
better contaction with SUT. Acid mine drainage (AMD),
which typically contains high concentrations of dissolved
heavy metals and low pH values, is an unavoidable
byproduct of iron mines [15]. Instead of discharging
AMD into public streams after a high investment and
time-consuming treatment, recycling of AMD as
acid-modified reagent for fly ash is economical and
environmentally friendly.

On the basis of the above discussion, in this study,
FAMC was prepared by leaching of fly ash in AMD. A
response surface methodology (RSM) test coupled with a
four-factor five-level central composite design (CCD)
was conducted to obtain the best possible combination of
the impact factors for minimum overflow turbidity. The
synergy mechanism of FAMC and flocculant was
analyzed based on zeta potential determination and
scanning electron microscopy (SEM).

2 Experimental

2.1 Materials

As a typical of Anshan-type hematite mine, the
tailings of Sijiaying have low loose density and high
porosity; and the other main physical properties are
shown in Table 1. The average particle size is only
19 pum, and more than 60% of the content is smaller than
20 pm, which is consistent with the composition

requirements of ultrafine tailings. Because of the
low-grade ore, serious argillation, and high oxidation, the
tailings contain several argillaceous minerals like quartz,
biotite, and chlorite. Various combinations of flocculants
and coagulants with different dosages added were tested,
while the overflow turbidity was still higher than
90 NTU. Table 2 presents the particle sizes (D) of SUT
in overflow. More than 70% of the SUT is smaller than
6.7 um and is covered by a strongly negatively charged
thick hydration shell that blocks contact with flocculant.
These ultrafine particles seem to have a stable colloform
texture that makes flocculation and sedimentation
difficult [16].

Table 1 Physical properties of tailings in Sijiaying

Content Content of
of <20 um/ >74 pm/ pH
(tm>) size/um ’ % %
3.09 1.40 19 55.66 63.02 89 7-8

. Loose Average .
Density/ . i Porosity/
_5. density/ particle
(tm™) 9

Table 2 Particle size of SUT in overflow

D/pm Content/%

D>47 4.10
47>D>36 1.30
36>D>26 3.05
26>D>18 5.20
18>D>6.7 14.55

D<6.7 71.8

Fly ash used in the study comes from the thermal
power station in Tangshan, China, and its chemical
composition is shown in Table 3. Because of abundant in
magnetic Fe;O,4 and active ingredient Al,O;, the fly ash is
a suitable magnetic seed with strong magnetism and
activity. However, the average particle size of the fly ash
is only 50 um, which is much bigger than that of the
tailings. Therefore, the fly ash needs to be ground for
better contact reaction and acid leached for potential
active excitation.

Table 3 Chemical composition of fly ash (mass fraction, %)
SlOz A1203 F8203 F8304 CaO MgO T102 NazO 503
46.85 2132 10.15 9.88 2.12 0.71 049 0.87 0.95

After being treated with sedimentation and
filtration, the pH of AMD was 3.5. Due to the fact that
the volume of AMD added to 1 t of tailings slurry for
acid-leaching is only 200 mL, therefore, the negative
effects of different concentrations of heavy metal ions
and other impurities can be neglected. FAMC used in
this study was prepared according to the following four
steps.
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1) Sieving

The impurities were eliminated and the fly ash was
ground finely before being sieved in a 0.075 mm sieve.

2) Magnetic separation

The undersized fly ash was separated by a
high-intensity magnetic separator for magnetic seeds,
and the rest was recycled for filling material.

3) Grinding

The magnetic seeds were further ground to a size of
less than 5 um by a high-speed vibrating ball mill.

4) Acid leaching

The ground magnetic seeds were acid-leached to
achieve a specific proportion (g asn/Vamp=1/2 g/mL),
and then the acid-modified slurry was stirred for about
30 min to complete the full reaction.

2.2 Experimental apparatus

A self-made magnet coil was used to obtain a
continuously adjustable magnetic intensity by controlling
a DC electrical source. The magnetic intensity was
measured by a Gauss meter (BST, China). A 2100Q
turbidimeter (Hach, America) was used to measure the
overflow turbidity, a JS94W zeta potential meter (Zykx,
China) was used for the zeta potential test, and a S3500
laser particle analyzer (Microtrac, America) was used for
particle size analysis.

The flocculation and sedimentation experiments
were conducted in a further improved dynamic
experimental device. Four peristaltic pumps were added
to pump the tailings slurry, FAMC solution, flocculant
solution, and underflow slurry, respectively. A feed
trough at the top was designed to simulate the uniformly
tangential type of feeding of the deep-cone thickener.
The rake rod and harrow frame were designed to sample
the overflow water and underflow slurry conveniently.
The schematic diagram and working photograph are
shown in Fig. 1.

Applications of the dynamic experimental device
were as follows.

Electrical machine

(@)

T —».—Overtlo
Feeding inlet vertiow

Feed trough |}

Rake rod

+

Axis of
rotation

P

Harrow
" frame

- Underflow

Pedestal*l*

1977

1) Tailings slurry was mixed with FAMC uniformly
using an electric mixer in a 50 L mixing barrel. The
mixed slurry was pumped to the feeding inlet with a
concentration meter controlling the concentration.

2) Polyacrylamide (PAM) was selected as the
flocculant after various combination tests. The PAM
solution was configured in advance and then pumped
into the feed trough in two different positions. Then, the
DC electrical source was switched on and suitable
magnetic intensity was provided by a self-made magnet
coil.

3) The rotor was designed to guide the flow and
extrude the pore water between tailings. The slow
rotation speed (3—5 r/min) was controlled by a reduction
motor.

2.3 Impact factors and evaluation index

In the synergy of FAMC and flocculant, the most
important factors affecting the flocculation and
sedimentation of tailings are the magnetic intensity,
FAMC dosage, tailings concentration, feed speed, pH
value, temperature, and PAM dosage [17,18]. Considering
that Sijiaying produces more than 70x10° t of tailings
slurry annually with a mass concentration of 20%, either
attenuation or concentration is a huge project requiring
heavy investment, the same as the adjustment of
temperature. Besides, the tailings are neutral to slightly
alkaline, which is suitable for PAM and FAMC working.

The most common evaluation indexes are the
settling velocity, HCPU, underflow concentration,
overflow turbidity, solids content, and so on. Considering
that the tailings slurry in deep-cone thickener is in a
relatively static state because of the supply and discharge
balance, it is difficult to detect the settling velocity and
HCPU with high accuracy. In addition, the solids content
in overflow is about 5 g/L, which is much smaller than
the underflow slurry density (about 2 kg/L), so it is also
difficult to detect the underflow concentration and solids
content in overflow accurately.

Fig. 1 Dynamic experimental device: (a) Schematic diagram; (b) Working photograph
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In summary, the magnetic intensity, FAMC dosage,
feed speed, and PAM dosage were taken as impact
factors, and the overflow turbidity was selected as the
evaluation index.

2.4 Experimental design

RSM is an important branch of the experimental
design used in the development of new processes and
optimization of their performance [19]. Through
reasonable and effective experimental design, the

Table 4 Working ranges of impact factors

relationships between impact factors and evaluation
indexes were analyzed, and the optimum condition is
found. To obtain the best possible combination of the
four independent impact factors (X;, magnetic intensity,
0-0.6 T; X,, FAMC dosage, 0—400 mL/t; X;, PAM
dosage, 0—60 g/t; X,, feed speed, 0.2-1.0 t/(mz-h) for
minimum overflow turbidity, an RSM test coupled with a
four-factor five-level CCD was conducted using Design
Expert 8.0.5b. The working ranges of impact factors are
shown in Table 4. The experimental design consisted of

Level coded

Symbol Process parameter Notation > = 0 1 "y

1 Magnetic intensity/T Xi 0 0.15 0.30 0.45 0.60

2 FAMC dosage/(mL-t ") X 0 100 200 300 400

3 PAM dosage/(g-t™") X; 0 15 30 45 60

4 Feed speed/(t'm >-h ") X, 0.2 0.4 0.6 0.8 1.0

Table 5 Design of experiments and responses
e e e PG e Rl T

1 Factorial 0.15 100 15 0.4 37.9
2 Factorial 0.45 100 15 0.4 21.1
3 Factorial 0.15 300 15 0.4 42.4
4 Factorial 0.45 300 15 0.4 31.0
5 Factorial 0.15 100 45 0.4 18.7
6 Factorial 0.45 100 45 0.4 132
7 Factorial 0.15 300 45 0.4 22.7
8 Factorial 0.45 300 45 0.4 16.3
9 Factorial 0.15 100 15 0.8 94.5
10 Factorial 0.45 100 15 0.8 79.4
11 Factorial 0.15 300 15 0.8 81.8
12 Factorial 0.45 300 15 0.8 52.8
13 Factorial 0.15 100 45 0.8 57.9
14 Factorial 0.45 100 45 0.8 41.7
15 Factorial 0.15 300 45 0.8 37.2
16 Factorial 0.45 300 45 0.8 11.4
17 Axial 0.00 200 30 0.6 90.3
18 Axial 0.60 200 30 0.6 13.7
19 Axial 0.30 0 30 0.6 943
20 Axial 0.30 400 30 0.6 32.0
21 Axial 0.30 200 0 0.6 156
22 Axial 0.30 200 60 0.6 10.1
23 Axial 0.30 200 30 0.2 9.80
24 Axial 0.30 200 30 1.0 119
25 Center 0.30 200 30 0.6 10.6
26 Center 0.30 200 30 0.6 9.89
27 Center 0.30 200 30 0.6 10.1
28 Center 0.30 200 30 0.6 10.3
29 Center 0.30 200 30 0.6 9.71
30 Center 0.30 200 30 0.6 9.43




Shuai LI, et al/Trans. Nonferrous Met. Soc. China 26(2016) 1975-1984 1979

30 runs, which are listed in Table 5. A flowchart
summarizing the whole experimental program is
displayed in Fig. 2.

3 Results and analysis

3.1 Experimental design analysis

Various mathematical models were introduced to
obtain the regression equations. The model summary
statistics (Table 6) were determined to select the best
model, that is, the model that exhibits the highest R%,
adjusted R*, predicted R* and F values, and the lowest
p-values when compared with those of the other
models [20]. Thus, the quadratic model was selected for
further analysis, and the obtained second-order
polynomial equations is given below:

Y=137.28-191.13X,-0.19X,-3.97X5—27.30X4—

0.08X,.X5+0.51.X,X3-95.83.X,.X,—0.0008.X,.X5—
0.35X,X,-2.01.X3X,+285.87.X;%+0.0009.X,°+0.06 X3 >+
283.30X,>

A diagnostic plot of predicted versus actual values
(Fig. 3) was created to evaluate the model suitability and
accuracy. The data points on the plot lie reasonably close
to a straight line, which indicates an adequate agreement
between the real data and the data obtained from the
model [21]. Pareto analysis of variance (ANOVA) was
employed to evaluate the statistical significance of
the regression equation, and the results are presented
in Table 7. The model F value of 4.68 implies that the

model is significant and there is only 0.26% chance that
a large model F value could occur due to noise. Values of
“Prob>F" less than 0.0500 indicate that the model terms
are significant, and Xi, X3, Xy, X%, and X,” are significant
model terms in this case. These results indicate that the
developed mathematics is good enough to represent the
relationship between impact factors and evaluation
index [22].

3.2 Effect of magnetic intensity and FAMC dosage

For a PAM dosage of 30 g/t and a feed speed of
0.6 t/(m*h), the response surface plot and contour plot of
magnetic intensity and FAMC dosage are shown in
Fig. 4. We defined X; and X, as zero as there was no
effect of magnetic field when the overflow turbidity was
set at a high value of 100 NTU. This proves that
flocculation and sedimentation of SUT under the action
of a single flocculant are difficult. When magnetization
was applied, SUT settled quickly, leading to a rapid
decline in overflow turbidity. The peak occurred at X as
0.3 T and X; as 200 mL/t, when the turbidity declined by
92% to 10 NTU. The turbidity rose gradually while X;
and X, continued to increase.

3.3 Effect of magnetic intensity and PAM dosage

For a FAMC dosage of 200 mL/t and a feed speed
of 0.6 t/(m>h), the response surface plot and contour plot
of magnetic intensity and PAM dosage are shown in
Fig. 5. We defined Xj; as zero as there was no effect of
the flocculant when the overflow turbidity was set at a

(1 I Sieving 3) } Grinding
Fly ash I:> Magnetic seeds I:D Magnetic coagulant
2 Magnetic 4 Acid
2) ‘ separation @ 1 leaching Flocculant
Impact factors: [ Il> Dynamic experimental device
Magnetic intensity X ’ ESM o
FAMC dosage X, Optlmlzatlon‘
PAM dosage X;
Feed speed X, N/
Evaluation index: Overflow turbidity ¥
Fig. 2 Flowchart of whole experimental program
Table 6 Model summary statistics
Source SD R Adjusted R Predicted R? Press Remark
Linear 26.873991 0.5813975 0.5144211 0.413913 25279.273 -
2F1 29.438121 0.6182568 0.4173394 0.318084 29412.598 -
Quadratic 23.135156 0.8138626 0.6401344 —0.072063 46240.537 Suggested
Cubic 21.324556 0.9262001 0.6942577 -9.624268 458248.99 Aliased

SD—Standard deviation; 2FI—2 function interaction
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200

150

100 -

50

Predicted turbidity Y/NTU

0 50 100 150 200

Actual turbidity Y/NTU
Fig. 3 Plot of actual versus predicted turbidity

Table 7 Analysis of variance of central composite design

Source of Sum of Degree of Mean F
variation squares freedom square value

Model 35103.758 14  2507.4113 4.6846883 0.0026
X 3252.6817 1 3252.68176.0771043 0.0262
X5 1558.4817 1 1558.48172.9117684 0.1085
X5 10991.04 1 10991.04 20.534963 0.0004
Xy 92748017 1 9274.801717.328452 0.0008
XiX; 22.5625 1 22.5625 0.0421543 0.8401
X1X 21.16 1 21.16  0.039534 0.8451
X1Xy 132.25 1 132.25 0.2470875 0.6263
Xo X5 22.5625 1 22.5625 0.0421543 0.8401
XoXy  781.2025 1 781.2025 1.4595492 0.2457
XXy 610.09 1 610.09 1.1398535 0.3026
X2 1134.7665 1 1134.7665 2.1201259 0.1660
X5 2331.4482 1 2331.44824.3559301 0.0544
X7 55264785 1 5526.478510.325322 0.0058
X7 2492.1768 1 2492.1768 4.6562252 0.0476

Prob>F

Residual 8028.5318 15 535.23545
Lack of fit 8027.6508 10 802.76508 4556.2466 < 0.0001
Pure error 0.88095 5 0.17619

Total 43132.289 29

high value of 156 NTU, which proves that FAMC has no
effects on flocculation of SUT without flocculant. When
PAM was added, SUT settled quickly under the synergy
of FAMC and flocculant, leading to a rapid decline in
overflow turbidity. The peak occurred at X;as 0.3 T and
X; as 30 g/t, when the turbidity declined by 93% to
10 NTU. If PAM was constantly added, the costs rose
quickly while the decrease of turbidity was
inconspicuous.

3.4 Effect of PAM dosage and feed speed
For a magnetic intensity of 0.3 T and a FAMC

dosage of 200 mL/t, the response surface plot and
contour plot of PAM dosage and feed speed are shown in
Fig. 6. When the feed speed was below 0.5 t/(m?h), the
synergy of FAMC and flocculant was in a surplus
condition, SUT settled quickly with a PAM dosage of
30 g/t, and the turbidity was below 10 NTU. When the
feed speed exceeded 0.7 t/(m*h), the synergy of FAMC
and flocculant was insufficient, and the overflow
turbidity remained at more than 30 NTU although a large
PAM dosage was added.

(a)

120 If‘Tr_T
100 1
5 80
Z 60
b% T ;::::‘;i:‘:;:;&::::.::4;;5:%3
E." 40 - R SRR IR LA,
3 20 1
ol T
g o1
g —
400 : : —0.60
F, 300 00— 0.45
AMc 200 55~ 15 030 g Xt
e

400

300

200

FAMC dosage X,/(mL-t™")

100

0.30 0.45 0.60
Magnetic intensity X,/T

Fig. 4 Plots between magnetic intensity and FAMC dosage:

(a) Response surface plot; (b) Contour plot

4 Mechanism and application

4.1 Synergy mechanism of FAMC and flocculant

With the progress of science and technology, better
precision of potential measurements and SEM, X-ray
diffraction and infrared spectra have been used to
analyze the synergistic mechanism of FAMC and
flocculant [23].

Being covered with strong negative charges, SUT
will attract polarity water molecules nearby and form
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thick hydration shells that blocks contact with PAM.
Unlike traditional flocculants and coagulants, FAMC is
rich in ground magnetic Fe;04 and cations (Fe'* and
ATI*"). As we can see from Fig. 7, strong negative charges
are neutralized by Fe’" and AI’*, which will lead to
weaker repulsive interactions, thinner hydration shells
and lower zeta potentials. As evidence, zeta potential of
the overflow water before and after magnetization are

341 and 22.6 mV, respectively. Besides, ground

LA
10 0"&

077
%
0est0,

KL

(AL 7
LA
orng i

L7HALT
A LA

Turbidity ¥/NTU
o

0.45

Magnet©

0.60

0.30 T
015 " cnsity X

1981

magnetic seeds will attach to the surface of SUT
uniformly, changing the particles from diamagnetic to
paramagnetic. The paramagnetic particles can be
magnetized into magnetic dipoles quickly by a magnetic
field; then they undergo mutual attraction, gather,
captured by PAM, and settle rapidly. According to the
microstructures of flocs, the average particle size of flocs
with PAM and FAMC added is about 380 um, which is
twice of the PAM flocs’. However, excessive magnetic

60

PAM dosage X;/(g+t™)

g

0.15 030 045
Magnetic intensity X;/T

0.60

Fig. 5 Plots between magnetic intensity and PAM dosage: (a) Response surface plot; (b) Contour plot
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Fig. 7 Synergy mechanism of FAMC and flocculant
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intensity and FAMC dosage will make the magnetic
Fe;0, settle too quickly to achieve a full contact reaction
with SUT.

In view of energy, magnetic field provides
continuous activation energy for flocculation and
sedimentation of SUT. Physical and chemical reactions
of flocculant molecules are sped up because the thermal
motion of the magnetized water molecules increases and
the viscosity decreases [24]. Comparison of SEM images
between normal backfilling and magnetized backfilling
with 10000x magnification after samples were kept in
the laboratory for 28 d is shown in Fig. 8. Magnetized
backfilling is more intact in structure and homogeneous
in grain composition, which means that the
sedimentation of SUT is more complete under the
synergy of FAMC and flocculant.

4.2 Application effects

According to tests, the

repeated

optimal

Fig. 8 Comparison of SEM ima

magnetizing  conditions  for  flocculation  and
sedimentation of SUT in Sijiaying are a slurry mass
concentration of 20%, magnetic intensity of 0.3 T,
FAMC dosage of 200 mL/t, PAM dosage of 30 g/t, and
feed speed of 0.6 t/(m*h). A comparison of the main
parameter indexes before and after the use of FAMC can
be seen in Table 8. Under the synergy of FAMC and
flocculant, the PAM dosage, overflow turbidity, and solid
content can be reduced by 50%, 90%, and 80%,
respectively, while HCPU and the efficiency of backfill
and dry stacking can be promoted by 20%, 17%, and
13%, respectively.

The wuse of FAMC is economical and
environmentally friendly. Firstly, it can reduce costs by
53 million Yuan per year (see Fig. 9), while the PAM
dosage can be reduced by more than 2100 t/a, which will
save 63 million Yuan. Besides, more than 14000 t of
AMD and 70000 t of fly ash are used annually for
preparing the FAMC instead of polluting the

Table 8 Comparison of main parameter indexes before and after use of FAMC

Parameter HCPU/ PAM dosage/ Turbidity/ SCOW/ Backfill/ Dry stacking/
index (tm >h™h (gt NTU 1076 (m*h™") (kt-d™")
PAM only 0.5 60 95 1500 180 22
FAMC and PAM 0.6 30 10 300 210 25

Total Savings: 71

Saving of beneficiation reagent: 3

Aviodance of wastewater treatment: 5

Fig. 9 Economic evaluation of use of FAMC (Unit: million Yuan)

Purchase of equipment: 10

Management and operation costs: 3
C———



Shuai LI, et al/Trans. Nonferrous Met. Soc. China 26(2016) 1975-1984

environment. The overflow water can be used for
beneficiation without treatment, which will save the
costs of wastewater treatment and reduce the
beneficiation reagent dosage at the same time. In
addition, the efficiency of backfill and dry stacking can
be promoted, reducing the consumption of electricity and
energy for equipment effectively.

5 Conclusions

1) AMD and fly ash were used for preparing the
FAMC instead of polluting the environment. An
automatically controlled dynamic experimental device
was designed to simulate the sedimentation mechanism
of deep-cone thickener to the greatest extent. RSM test
was conducted to obtain the best possible combination of
the impact factors for minimum overflow turbidity, and
the synergy mechanism of FAMC and flocculant was
analyzed.

2) FAMC had no effect on flocculation of SUT
without flocculant. Under the synergy of FAMC and
flocculant, the turbidity declined rapidly as the magnetic
intensity and FAMC dosage increased. However,
excessive magnetic intensity and FAMC dosage made
the magnetic Fe;0, settle too quickly to achieve a full
contact reaction with SUT.

3) By adding FAMC, the strong negative charges
are neutralized by Fe'" and AI’", leading to the zeta
potential falls from 34.1 to 22.6 mV. Ground magnetic
seeds attach to the surface of SUT uniformly, changing
them from diamagnetic to paramagnetic, and they then
undergo mutual attraction, gather, are caught by PAM,
and settle rapidly.

4) The optimal magnetizing conditions are a
magnetic intensity of 0.3 T, FAMC of 200 mL/t, PAM
dosage of 30 g/t, and feed speed of 0.6 t/(m*h), at which
the PAM dosage, overflow turbidity, and solid content
can be reduced by 50%, 90%, and 80% while the HCPU
and the efficiency of backfill and dry stacking can be
promoted by 20%, 17%, and 13%, respectively.
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