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Abstract. The coagulation treatmentwas applied to the synthetic peatwater using
Sesbania grandiflora seed. One of the factors to enhance coagulation is rapid and
slow mixing. Rapid mixing is crucial to promote the interaction of coagulant with
suspended particles and the formation of micro flocs.While slowmixing is crucial
to promote aggregation between microflocs. In this study, rapid mixing was varied
from 5 to 10 and 15 min during the coagulation process. Microscopic method
analysis was used to obtain the data using a camera and computer. Flocs formed
are captured by DinoCapture 2.0 software equipped with a Dino-Lite handheld
digital microscope resulting in microscopic images of the flocs. Afterward, direct
measurement of amagnified floc image is applied by using a calibrated scale on the
floc image, so a large number of floc sizes can be obtained. Image analysis results
from DinoCapture 2.0 showed that the longer duration of the rapid-mixing time,
the larger size of floc formed, but in contrast, the number of flocs decreased. The
optimum time for rapidmixingwas 5min and 30min for slowmixing, according to
the highest number of flocs formed, with the floc size spread evenly under 0.2 mm.
Rapid-mixing time of 5/30 min was applied to the coagulation of peat water so
that the floc could grow well and coagulation could be carried out optimally. This
is because a mixing time that is too short can reduce floc formation, but a very
long mixing time can cause floc breakage.

Keywords: coagulation · DinoCapture 2.0 · floc · peat water rapid and
slow-mixing · Sesbania grandiflora seed

1 Introduction

Coagulation is a water and wastewater treatment process that can reduce suspended
particles [1]. In the treatment water facilities, coagulation processes are followed by
flocculation and sedimentation [2]. The principle of coagulation is the destabilization
of suspended particles by reducing the repulsive forces between the particles by adding
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the coagulant. Destabilized particles then collide with each other to form a large size of
floc which easily precipitates [3, 4]. The effectiveness of coagulation depends on several
factors, for example, temperature, pH, coagulant type and dose, and mixing conditions.
Mixing is a crucial process in coagulation. There are two types of mixing include rapid
and slowmixing.Rapidmixing can promote the interaction of coagulantswith suspended
particles to form a micro floc, and slow mixing promotes the aggregation of micro floc
to form a large floc or macro floc [5, 6]. A very short mixing time can decrease the rate
of floc formation, whereas a considerably long mixing time can promote the breakdown
of floc formation [7].

Many researchers found that both rapid and slow mixing conditions in the coagu-
lation process significantly affect the size, strength, and structure of the floc. However,
these properties are not easy to characterize due to the irregularity of the floc size and
shape [8–11]. Various methods have been applied to characterize the floc properties (i.e.,
shape, size, and strength), such as light scattering, transmitted light using PDA 2000, and
individual particle sensors [12]. Recently, microscopy observation has been applied to
allow individual particles to be viewed, scrutinized, and analyzed at high magnification.
This method allowed the researcher to get a feel for the structure of each floc under
investigation and gave a better indication of floc shape and irregularity [12]. In addi-
tion, the method is relatively inexpensive compared to other methods. The combination
of microscopy and image analysis software has been widely used to characterize the
floc formation. A dino-Lite microscope can directly capture an object and measure the
dimensions of the actual size of gas bubbles in the electroflotation process using image
analysis, namely DinoCapture 2.0 software [13]. A video camera with an axioscop of
Zeiss optical microscope has been applied for capturing the floc formation by ferric
sulfate [14]. A digital imaging process with LabVIEW has been applied to measure the
development of floc particles in the coagulation process [15]. Also, a coagulation process
under the optimized conditions has been monitored by an in-situ microscope in conjunc-
tion with image analysis [16]. Those reports claimed that an easy-handle microscope
with image processing analysis is important to study the development of floc formation
during the coagulation process.

Therefore, in this study, a digital microscope is directly applied to observe floc
formation during the coagulation by Turi (Sesbania grandiflora) in the treatment of
peat water. Floc formation during the rapid and slow mixing process was captured by a
Dino-Lite microscope, and then directly the image was measured by DinoCapture 2.0
software.

2 Materials and Methods

A. Preparation of Synthetic Peat Water

Synthetic peat water was treated by a coagulation process. A stock solution of
1000 mg/L of humic acid was prepared by dissolving 1 g of humic acid and 4 g of
NaOH in 1 L of deionized water [17]. The solution was then filtered through a 0.45
μm of 47 mm membrane cellulose nitrate filter (Mdi Advanced Microdevices Pvt. Ltd,
India) prior to storage in the darkroom at ambient temperature. The working solution of
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Fig. 1. Schematic diagram of capturing the floc image.

500 mg/L of humic acid was prepared by diluting a calculated amount of stock solution
with deionized water. Also, metal-humic acid complexes are used in the coagulation
experiments. Peat water with 100 mg/L iron (Fe) was prepared by diluting 0.05 g of
Fe(NO3)3.9H2O in a working solution. The pH 5 was then adjusted either by 0.1 M HCl
or 0.1 M NaOH.

B. Effect of Time on Rapid and Slow Mixing in the Coagulation Process

Sesbania grandiflora of 1 g seed powder (i.e., 250 mesh/0.062 mm diameter) was
added to synthetic peat water. The mixture was then rapid mixing (i.e., 5, 10, and 15
min) and continued with slow mixing for 30 min. The sample was then transferred into
the Imhoff cone to precipitate for 24 h. The concentrated floc was put into a petri dish
using a wide-mouthed pipette to prevent damaging the floc before dilution by 1:5 ratio to
ensure an adequate particle distribution for microscopy observation [14]. These aqueous
suspensions are preferred to prevent the flocs from falling on each other or agglomeration
during the sample preparation. After the optimum rapid mixing time was obtained, the
process was continued by varied slow mixing times (i.e.15, 20, 25, and 30 min). The
floc image was then captured by DinoCapture 2.0 software.

C. Floc Imaging and Analysis

The floc formation was captured by a digital microscope (AF4515-FIT Dino-Lite
Edge, Anmo Electronics Corporation, Taiwan) with the resulting image resolution of
1280 × 1204 (1.3 Mp). The magnification was adjusted from 40–80× by the distance
between the microscope (AF4515-FIT Dino-Lite Edge, Anmo Electronics Corporation,
Taiwan), and the object was 2–5 cm. The microscope was connected to a notebook via
USB 2.0 for image capture and focus adjustment. Captured image was calibrated by
a scale in the calibration target sheet to obtain the actual floc size. Figure 1 shows a
schematic diagram of capturing floc images with a digital microscope.



Effect of Rapid-Mixing Duration on Floc Growth 43

Table 1. Proximate Analysis of Sesbania grandiflora Seed

Parameter (%)

Water Ash Protein Lipid Carbohydrate

9 .6
3.8
30.8
2.8

53

3 Results and Discussion

A. Characterization of Turi (Sesbania grandiflora) as Natural Coagulant

Since chemical coagulants produce by-products that are harmful to the environment,
the existence of alternative natural coagulants is used as an environmentally friendly tech-
nology [18]. However, natural coagulants have to contain proteins or polysaccharides
with some functional groups that can promote adsorption, polymer bridging, and charge
neutralization during the coagulation-flocculation process [1]. Table 1 shows the prox-
imate analysis of the Sesbania grandiflora seed. In this regard, the seed had a protein
content of as much as 30.8% and carbohydrate as much as 53%. In the coagulation-
flocculation process, protein acts as polyelectrolytes that can release an opposite charge
of a colloidal particle in water like a chemical [19]. Additionally, the polysaccharide is
able to bind microflocs into larger aggregates with a faster deposition process due to the
interaction between electrons π and OH- groups [20].

The 3276 cm−1 peak indicates the presence of O-H of the polysaccharide group [21],
while the peak of 2923 cm−1 indicates a stretching of OH groups to the methyl group
(C-OH). Wavenumber 1744 cm−1 indicates a C=O group of carboxylic acid, whereas
1536 cm−1 indicates an N-H of the protein group, and 1051 cm−1 indicates a C-O group
[22] (Fig. 2).

The presence of OH, C=O, and C-O functional groups enabled the protein to be an
efficient polyelectrolyte [23].

B. Effect of Mixing Time on the Flocculation-Coagulation Process

1) Measurement of floc size

Floc obtained was captured by digital microscope Dino-Lite, which was occupied
with DinoCapture 2.0 software. As shown in Fig. 3, the floc particle has irregularity in
shape (not circle nor spheric). However, according to the British standardized measure-
ment, comparison between particles is only carried out if the particle is in the form of a
circle or sphere shape. Based on that problem, Dharmarajah and Cleasby (1986) use the
equivalent diameter in order to define the floc as a sphere or circle [12]. Furthermore,
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Fig. 2. FTIR spectra of Sesbania grandiflora seed.

Fig. 3. The image of the floc captured by a digital microscope

when the term “floc size” is mentioned in many research, it refers to equivalent diameter.
Therefore, in this study, floc size was served in equivalent diameter [24]. The equivalent
diameter can be obtained from “Eq. 1” [24].

dec =
√
4Ap

π

Equation 1. Equivalent diameter formula

(1)

Where dec is the equivalent diameter (mm), Ap is the projected area (mm2), and π

is 3,14. The projected area can be obtained using the “lasso” tool that is prepackaged
in Dino-Capture 2.0 software. As we trace, the projected area (mm2) of the selection
outline was obtained, as seen in Fig. 4.
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Fig. 4. Measurement of floc projected area using the “lasso” tool in DinoCapture 2.0 software

2) Effect of mixing time on the floc size distribution

Figure 5a, b, and c show the flocs formed during the rapid mixing times of 5, 10, and
15 min respectively. In general, flocs have an open structure with irregular branching.
Flocs also havevarious conditions. Someof themhave a single state, formclusters/groups
with other flocs or form aggregations with other flocs. This finding was also presented
in research conducted by [16]. Figure 5a shows the flocs formed at 5 min of rapid
mixing. The flocs are denser and have a more closed structure compared to the other
flocs (Figs. 5 b and c). In addition, there are small floc fragments around the larger floc.
The floc fragments will agglomerate again, resulting in a high settling index and low
turbidity. Based on the shape of the flocs produced, the floc formed during 5 min of
rapid mixing follows a charge neutralization mechanism [25, 26]. Figure 5b shows the
flocs formed at 10 min of rapid mixing. The flocs had a larger size (0.27 mm in average
diameter) and a more open structure compared to the flocs formed at 5 min of rapid
mixing. Figure 5c shows the flocs formed at 15 min of rapid mixing. Floc has the largest
diameter (0.32 mm) and a more open structure because it has many branches. Floc like
this is more difficult to break, but if it is broken, it will be irreversible. So that it cannot
re-agglomerate with other flocs, and produces a low settling index, then increases the
turbidity value [27]. It can be concluded that the longer the rapid mixing time, the larger
the floc size and the decreased number of flocs. This happens because the floc formed
during a short rapid mixing time will have a more closed shape which does not allow
aggregation. Whereas at a longer rapid mixing time, the floc has a more open shape so
that it can form aggregations with other flocs and produce larger flocs [9].

Figure 5d shows the size distribution of flocs at rapid mixing variation. The flocs
formed in the Turi seed coagulation process were dominated by flocs with a diameter of
<0.2 mm. In more detail, during rapid mixing times of 5, 10, and 15min the average floc
diameter was 0.11 mm, 0.27 mm, and 0.32 mm, respectively, with the number of flocs
being 1204, 795, and 507. As the mixing time increases, the floc diameter increases.



46 R. S. Putra and F. Fitria

Fig. 5. Measurement of floc size using microscopy method under various rapid mixing times.
Floc formed in 5 min (a), 10 min (b), 15 min of rapid mixing time (c), and distribution of floc size
by different of rapid mixing time (d).

Fig. 6. Measurement of floc size usingmicroscopymethod under various slowmixing times. Floc
formed in 15 min (a), 20 min (b), 25 min of slow mixing time (c), and distribution of floc size by
different of slow mixing time (d).

However, the number of flocs decreased. This occurs because large flocs capture small
flocs to form aggregates with larger diameters [16, 28].

Figure 6a, b, and c show the flocs formed during the slow mixing times of 15,
20, 25, and 30 min respectively. In general, flocs have an open structure with irregular
branching. Flocs also have various conditions. Some of them have a single state, form
clusters/groups with other flocs or form aggregations with other flocs. This finding was
also presented in research conducted by [16]. Figure 6 a shows the flocs formed at slow
mixing for 15 min. It can be seen that the flocs are denser than the other flocs (Fig. 6 b
and c). Floc also has a structure that is not very open because it only has a few branches.
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In addition, there are fragments of small flocs around the large flocs. The floc fragments
will agglomerate again, resulting in a high settling index and low turbidity [25, 26].
Based on the shape of the flocs obtained, the flocs formed at a slow mixing time of 15
min following the charge neutralization mechanism [25, 26]. Figure 6 b shows the flocs
formed after 20 min of slow mixing. It can be seen that the floc has a larger diameter
(0.31mmon average) compared to the floc formed at 15min of slowmixing (0.29mmon
average). In addition, the floc also has a more open shape because it has more branches.
Figure 6c shows the flocs formed after 25 min of slowmixing. It can be seen that the floc
has the largest diameter with an average size of 0.37 mm. In addition, flocs also have a
more open shape because they have more branches.

Figure 6d shows the flocs formed after 30 min of slow mixing. A floc with a smaller
diameter (0.11mm)was produced compared to the floc formed at slowmixing for 25min
(0.37 mm). This occurs because the floc is broken due to the breaking of chemical bonds
[27, 29]. In addition, the floc also becomes denser (high flocculation index). This finding
was also presented by Peng and Williams [30], who stated that when the maximum floc
diameter size has been reached, a decrease will follow it in floc diameter size [28]. In
addition, it was also found that the small flocs formed would become denser with a
higher flocculation index.

Figure 6 e shows the size distribution of the flocs formed at various slow mixing
times. The flocs formed in the Turi seed coagulation process were dominated by flocs
with a diameter of <0.2 mm. In more detail, the smallest floc diameter with an average
size of 0.29 mm was found in 15 min of slow mixing with a total of 1509 flocs. Then
the average floc diameter became larger with a size of 0.31 mm in 20 min of slow
mixing with the total floc was 1497. The average diameter of the floc was the largest,
with a size of 0.37 mm at a slow mixing time of 25 min with a total floc of 1400. As
the slow mixing time increased, the floc diameter increased. However, the number of
flocs decreased. This occurs because large-diameter flocs capture small-diameter flocs
to form aggregates with larger diameters [16, 19]. However, the average floc diameter
then decreased to 0.11 mm at slow mixing for 30 min with a total of 1204 flocs because
large flocs broke due to the breaking of chemical bonds [27, 29]. Based on the floc size
distribution, the optimum slowmixing time is 30 min. This finding is in accordance with
other studies that found that the optimal duration of slow stirring is not only the time to
form the largest average floc size but longer because larger flocs have smaller fractional
dimensions and therefore settling index is low [31–33].

It can be concluded that the mixing time is directly proportional to the size of the floc
diameter. However, it is inversely proportional to the number of flocs. As themixing time
increases, the average diameter of the flocs increases, and the number of flocs decreases.
During rapid mixing times of 5, 10, and 15 min, the average floc diameter was 0.11 mm,
0.27 mm, and 0.32 mm, respectively, with the number of flocs being 1204, 795, and 507,
respectively. At the slow mixing times of 15, 20, 25, and 30 min, the average diameter
size of flocs was 0.29 mm, 0.31 mm, 0.37 mm, and 0.11 mm, respectively, with the
number of flocs being 1509, 1497, 1400, 1204. As the mixing time increases, the size
of the floc diameter increases. However, the number of flocs decreased. This occurs
because small-diameter flocs are captured by large-diameter flocs to form aggregates
with larger diameters [16, 19].
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4 Conclusion

Themicroscopymethod evaluated the effect of mixing time, both rapid and slowmixing.
In this study, the microscopy method was carried out by counting the size and the total
of floc using a digital microscope, namely Dino-Lite, which specifically uses the lasso
tool prepackaged from the Dino-Lite manufacturer. Then, the floc size distribution was
produced tomonitor the effect ofmixing time. The result shows that 5min is the optimum
time for rapid mixing, and 30 min is the optimum time for slow mixing.
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