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ABSTRACT

locculation is a widely used method for dewatering fine coal tailings. Flocs must resist

to the shear stresses during the following processes such as flotation, cyclone separation,
and pumping. Therefore, the strength of the flocs must be considered during flocculation. In
this study, the fine coal tailings were dewatered with an anionic flocculant (SNF-923) at vari-
ous dosages, and the floc size of the coal tailings was characterized using a laser diffraction
particle size analyzer with respect to time in order to determine the change in the floc size
and hence the floc strength. The results of this study clearly indicated that the determina-
tion of the floc size with a laser particle size analyzer could be a simple and good method to

observe the flocculation efficiency in terms of the floc strength.
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INTRODUCTION

Lignite coal, which has a large share in world coal
reserves, must be subjected to coal preparation
processes in coal washing plants due to its low calo-
rific value and high ash content. After these proces-
ses, the huge amount of tailings is produced from the
plants, and they must be dewatered before disposal.
For this purpose, flocculation is a widely preferred
method for solid-liquid separation of fine coal tai-
lings. In this method, long-chain polymers are used
to bind particles together to form bigger particles to
settle them easier and faster.

Flocculation process is affected by various para-
meters including solid ratio, pH, temperature, stirring
speed and time, molecular weight, chain length, char-
ge, and dosage of flocculant. In the flocculation process,
flocs with several physical characteristics such as size,
structure, and strength are formed depending on these
flocculation conditions. Different floc characteristics
are preferred for various processes. For example, strong
and high-density flocs are favorable in filtration, but not
in sedimentation processes. Therefore, it is extremely
important to characterize the flocs to optimize the floc-
culation processes [1-7].

For this reason, there have been various studies
on the investigation of floc size, density, structure, and
strength [8-13]. Different techniques were used for the
floc strength measurements such as image-based tech-

niques [14], computational fluid dynamics (CFD) [15],
shear stress [16, 17] sonication/capillary suction time
(CST) [18], and light scattering technique [3, 19, 20]. Par-
ticularly, floc strength is a very important floc property
because flocs are exposed to shear stresses in the floc-
culation. Therefore, the flocs must resist these stresses
in order not to break into smaller pieces [6, 13].

Floc strength is actually dependent upon the
strength and number of the inter-particle bonds betwe-
en the components of the floc. If the stress applied to a
floc is larger than the bonding strength within the floc,
it will break. Therefore, in this study, SNF-923 was cho-
sen as a typical commercial anionic flocculant to floc-
culate the coal tailings more effectively. During the floc-
culation experiments, the turbidity measurements were
also conducted. Furthermore, the size and strength of
the flocs were determined with respect to time emplo-
ying a laser diffraction particle size analyzer.

MATERIAL AND METHODS

The lignite coal tailing samples were taken from a
coal processing plant in Soma, Manisa, Turkey. The
maximum particle size of the samples was determi-
ned as 150 pm with 49.99 um average size. 70.6% of
the sample was under 38 pum. A commercial floccu-
lant (SNF-923 from SNF s.a.s, France) was used for
the flocculation studies at various dosages (50, 150,
and 300 g/t). The turbidity measurements were per-
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formed with AQUAfast II turbidimeter (Thermo Scienti-
fic, USA). A laser diffraction particle size analyzer (Mal-
vern Mastersizer 3000, UK) was employed for the floc
size measurements. Distilled water was used during in all
experiments all of the experiments.

In the flocculation experiments, the coal tailings were
stirred in a glass beaker with 250 mL volume at 200 rpm
stirring speed for 10 min using a magnetic stirrer. The ex-
periments were performed at 5% solid-in-pulp ratio and at
room temperature (23°C). Then, the suspension was trans-
ferred to a graduated cylinder followed by adding flocculant
at a specific dosage, and stirred for an additional 1 min at
the same speed. The suspension was left for settling, and
the settlement distance was recorded at each 1 min for first
10 min and at each 5 min for next 20 min. Meanwhile, the
turbidity measurements of the residual solution were per-
formed at the 10, 20, and 30* min.

For the floc size and strength measurements, 0.5 g coal
tailing in 50 mL distilled water was mixed at 500 rpm
with a magnetic stirrer. The flocculant at desired dosage
was added into the suspension during the mixing, and the
stirring was continued for an extra 2 min. A small amo-
unt of the flocs was taken with a wide-diameter pipette
(in order not to break the flocs) from the bottom of the
beaker to measure the floc size, and added to 1 L water.
The suspension was stirred gently again at 800 rpm with
an overhead stirrer in order to keep the flocs pending in
the suspension during the measurements. An embedded
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Figure 1. Schematic representation of the experimental setup for the
floc size measurements.

software was used to determine the size distribution of
the flocs. In addition, the floc size measurements were
carried out at different times for observing the change
in the floc size and hence floc strength. The schematic
representation of the experimental setup for the floc size
measurements is seen in Fig. 1.

RESULTS

In order to investigate the settling behavior of the coal
tailings, the flocculation tests were carried out with
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SNF-923 at different dosages (50, 150, and 300 g/t dosa-
ges), and the results are shown in Fig. 2. As seen from
Fig. 2a, while the change in the height of the sediment
bed of the coal tailing showed no change in the absence
of flocculant this is because of the electrical repulsion
forces between coal particles due to their zeta potentials.
With the addition of the flocculant, the flocculant mole-
cules begun to form bridges between the coal particles.
The results seen in Fig. 2a showed that the coal particles
settled more easily and faster in the presence of floccu-
lant. The results presented in Fig. 2 also revealed that the
particle settling velocity is dependent on the flocculant
dosage. For example, the sample treated with the 150 and
300 g/t flocculant dosages achieved a high settling rate
compared to that of 50 g/t flocculant dosage. Actually,
there was no specific difference between 150 g/t and 300
g/t which indicated that 150 g/t dosage was much enough
to settle down of the particles successfully. Even though
the same settling rate was obtained at both dosages, 150
g/t flocculant resulted in clearer water, which indicates
that the flocculation mechanism for anionic flocculant
incorporates an electrical charge attraction between the
flocculant and particles. An excessive flocculant adsorp-
tion on the particle surfaces caused repulsion of the par-
ticles therefore the turbidity of the suspension increased
at 300 g/t.

As known from literature, flocculation performance
depends on floc size distribution and floc structure [21]. For
this reason, the size distribution of flocs was determined
in the absence and the presence of the flocculant. The size
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Figure 2. (a) Change in sediment bed height and (b) turbidity of the
coal tailings at various flocculant dosages.
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Figure 3. Size distribution of the flocs at various (50, 150, and 300 g/t)
SNF-923 dosages at the end of 4 min stirring time.

distributions of the flocs produced with 50, 150, and 300 g/t
flocculant along with the unflocculated particles are shown
in Fig. 3. It is seen from Fig. 3 that the size of the flocs inc-
reased with an increase with the flocculant dosage, and the
floc size distribution shifted to bigger sizes. It is seen that
the size of the flocs formed at 50 g/t flocculant dosage was
smaller than the flocs formed at 150 and 300 g/t SNF-923.
This is because of the amount of the flocculant molecules
was not enough to bind more coal particles at 50 g/t dosage.
However, the change on the size of the flocs formed with
150 and 300 g/t SNF-923 was not much. Therefore, it is un-
derstood that the floc sizes could not be increased any more
due to some factors such as initial size and surface area of
the coal particles, ambient pH, the chemical structure of
the flocculant, and the shear stress generated on the flocs
during the measurement process even though, the floccu-
lant dosage increased up to 300 g/t. The results along with
the previous result clearly indicated that 150 g/t could be
chosen as an optimum flocculant dosage for the dewatering
of the coal tailings.

In general, floc strength increases with floc size [6].
Therefore, it can be said that 150 g/t SNF-923 is the opti-
mum flocculant dosage for the floc stability according to
the change in the floc size in time. The size distributions
of the flocs as a function of stirring time are shown in Fig. 4
which shows the average size (d50), as well as the d90, and
d10 size of the flocs produced with the flocculant at diffe-
rent dosages. These results showed that the flocs produced
at low flocculant dosage were not enough to produce larger
flocs. As seen from Fig. 4, as the dosage of flocculant inc-
reased, the d90, d50, and d10 of the flocs increased in all
cases. The size distributions of the flocs produced with the
flocculant show that there was no significant change in floc
size at 150 g/t and 300 g/t flocculant dosages because of the
static repulsion forces between the coal particles due to the
excessive use of flocculant. The increase of the flocculant
dosage to 300 g/t did not change the floc strength as well as
floc size. Therefore, it can be said that 150 g/t SNF-923 is the
optimum flocculant dosage for the floc stability according
to the change in the floc size in time.
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Figure 4. (a) d,, (b) 4., (c) d,, sizes in respect to stirring time at various
flocculant dosages.

Fig. 4 also shows that the flocs do not grow continuo-
usly as a function of time. On the contrary, they were weak
and broken during the measurements Most probably, they
reached a steady state size for a specific shear condition.
When the shear rate increases above a critical level, flocs
will break until a new steady state is reached. Therefore, the
aggregation rate is in a balance between the floc formation
and floc breakage. Accordingly, the stability of a flocculated
suspension is dependent upon the breakability of the flocs
22, 23].

CONCLUSION

The results of this study showed that the coal tailings co-
uld be flocculated considerably with the use of SNF-923.
Although the increase in the flocculant dosage showed
considerable effect on the settlement speed, the lowest
turbidity values obtained at 150 g/t SNF-923.

As known from literature, flocs can be broken by the
shear forces during the dewatering processes. Therefore, the
floc strength is crucial for a successful solid-liquid separati-
on. The change in the floc size in time at a given shear stress
is an important indicator of the floc strength.

The floc size measurements in respect to time indica-
ted that the floc strength at a constant shear stress depended
on the SNF-923 dosage and stirring time. The flocs formed
at 50 g/t were finer compared to 150 and 300 g/t SNF-923.
According to the stability of the flocs in stirring time 150
g/t SNF-923 seems the optimum flocculant dosage at these
conditions.

Overall, the results obtained from this study indicated
that it was possible to determine the flocculation efficiency
in terms of floc size as well as floc strength. And, this can
be considered as a simple and effective method in order to
characterize the flocs during the dewatering of the mineral
processing tailings.

ACKNOWLEDGEMENTS

This work was supported by Scientific Research Projects

217

O. Ozdemir et al. / Hittite ] Sci Eng, 2018, 5 (3) 215-218



O. Ozdemir et al. / Hittite ] Sci Eng, 2018, 5 (3) 215-218

Coordination Unit of Istanbul University. Project num-
ber 48866.

This paper presents an extended work of a conference
paper which was presented in ISME 2017.

REFERENCES

1. Johnson, SB, Franks, GV, Scales, PJ, Boger, DV, Healy, TW.
Surface chemistry-rheology relationships in concentrated
mineral suspensions. International Journal of Mineral
Processing 58 (2000) 267-304.

2. Oner, B. Konya-Illgin komurunun polimerik flokulasyonu, in:
Mining Engineering Department, Selcuk University, Konya,
Turkey, 2011.

3. Alam, N, Ozdemir, O, Hampton, MA, Nguyen, AV. Dewatering
of coal plant tailings: Flocculation followed by filtration. Fuel
90 (2011) 26-35.

4, Sabah, E, Erkan, ZE. Interaction mechanism of flocculants
with coal waste slurry. Fuel 85 (2006) 350-359.

5. Parekh, BK. Dewatering of fine coal and refuse slurries—
problems and possibilities. Procedia Earth and Planetary
Science 1 (2009) 621-626.

6. Jarvis, P, Jefferson, B, Gregory, J, Parsons, SA. A review
of floc strength and breakage. Water Res 39 (2005) 3121~
3137.

7. Gungoren, C, Baktarhan, Y, Kursun, I, Ozkan, SG, Ozdemir, O.
Determination of floc size and strength of fine coal tailings
using laser diffraction technique, in: (Eds.). International
Symposium on Mining and Environment. Paper presented at
Bodrum, Turkey, UCTEA, Chamber of Mining Engineers of
Turkey, pp. 609-616, 2017.

8. Harif, T, Adin, A. Size and structure evolution of kaolin-
AI(OH)3 flocs in the electroflocculation process: A study
using static light scattering. Water Res 45 (2011) 6195-
6206.

9. He, W, Nan, J, Li, H, Li, S. Characteristic analysis on
temporal evolution of floc size and structure in low-shear
flow. Water Res 46 (2012) 509-520.

10.  Slavik, I, Muller, S, Mokosch, R, Azongbilla, JA, Uhl, W.
Impact of shear stress and pH changes on floc size and
removal of dissolved organic matter (DOM). Water Res 46
(2012) 6543-6553.

218

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Nasser, MS. Characterization of floc size and effective floc
density of industrial papermaking suspensions. Separation
and Purification Technology 122 (2014) 495-505.

Cao, B, Gao, B, Wang, M, Sun, X, Wang, J. Floc properties of
polyaluminum ferric chloride in water treatment: The effect
of Al/Fe molar ratio and basicity. J Colloid Interface Sci 458
(2015) 247-254.

Franks, GV, Yates, PD, Lambert, NWA, Jameson, GJ.
Aggregate size and density after shearing, implications for
dewatering fine tailings with hydrocyclones. International
Journal of Mineral Processing 77 (2005) 46-52.

Wang, B, Shui, Y, He, M, Liu, P. Comparison of flocs
characteristics using before and after composite coagulants
under different coagulation mechanisms. Biochemical
Engineering Journal 121 (2017) 107-117.

Bridgeman, J, Jefferson, B, Parsons, S. Assessing floc
strength using cfd to improve organics removal. Chemical
Engineering Research and Design 86 (2008) 941-950.
Yuan, Y, Farnood, RR. Strength and breakage of activated
sludge flocs. Powder Technology 199 (2010) 111-119.
Hermawan, M, Bushell, GC, Craig, VSJ, Teoh, WY, Amal, R.
Floc strength characterization technique. An insight into
silica aggregation. Langmuir 20 (2004) 6450-6457.

Hall, T. Sonication for the study of floc strength and
reflocculation of activated sludge. Environmental
Technology Letters 2 (1981) 579-588.

Sung, S-S, Ju, S-P, Hsu, C, Mujumdar, AS, Lee, D-J. Floc
strength evaluation at alternative shearing with presence of
natural organic matters. Drying Technology 26 (2008) 996-
1001.

Wang, Y, Li, X, Wu, C, Zhao, Y, Gao, BY, Yue, Q. The role
of sodium alginate in improving floc size and strength and
the subsequent effects on ultrafiltration membrane fouling.
Environ Technol 35 (2014) 10-17.

Hogg, R. Flocculation and dewatering. International Journal
of Mineral Processing 58 223-236.

Spicer, PT, Pratsinis, SE. Shear-—induced flocculation:
The evolution of floc structure and the shape of the size
distribution at steady state. Water Research 30 (1996)
1049-1056.

Biggs, CA, Lant, PA. Activated sludge flocculation: On-line
determination of floc size and the effect of shear. Water
Research 34 (2000) 2542-2550.



