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Abstract
This study modeled the relationship between Sludge Filtration Resistance
(SFR) and Capillary Suction Time (CST) using the data generated from different concentrations of CaCl2 for SFR and CST empirically using the Equation proposed by Christensen et al. (1993). The main purpose of conducting
CST and SRF tests at wastewater treatment plants is to save operating costs by
evaluating the optimal dose of the sludge conditioner, known as the dose of
coagulant that yields the minimal capillary suction time or resistance to filtration. In order to establish a relationship between the SFR with CST, there is a
relatively good correlation between CST and SFR. The results showed that the
values of CST decreased with increasing CaCl2 concentration, and a good dewaterability could be obtained at the CaCl2 dosage of 18 g with the corresponding CST of 5.52 s for 20 mm internal cylinder and 30.84 s for 14.5 mm
internal cylinder. The results of SFR tests shown decreased with an increase in
CaCl2 dosage. The optimal CaCl2 dosage was 18 g and the corresponding SFR
was 2.65 × 108 N∙s/m5. The results of this study for CST recommend larger
diameter cylinder to be used to test heavy sludge because the larger cylinder
significantly reduces the variability and the time taken to conduct the CST
tests.
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1. Introduction
There is a relationship between the sludge resistance filtration (SRF) and the rate
at which the water travels between the electrodes of the capillary suction time
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(CST) device for a wide range of different types of sludge [1]. Filtration as a mechanical method which is commonly applied for solid-liquid separation [2]
while improving sludge cake filterability is one of several ways to enhance biosludge dewaterability [3]. The standard CST test was first developed by [4]. The
components include an open stainless steel cylindrical column or funnel with a
Whatman filter paper at the base, multiple electrodes, which serve to sense the
movement of filtrate across the paper, and a timer. A sample of sludge is poured
into the column, and the filtrate is extracted by capillary suction through the
paper, so that a cake is formed on the filter. A better approach to model the filterability of sludge filtration systems was proposed based on adapting models
originally defined to describe the fouling of membranes, and corrected for the
rapid increase in the slope of t/V versus V when the filter becomes blocked with
particles and the flow rate of water slows down [5]. The importance of different
floc sizes and structures to explain the variability in the dewaterability of sludge
using CST tests was highlighted [1] [6]. Capillary suction time (CST) represents
the filterability and has many advantages, such as easy operation, it is far from
realistic since no pressure is applied and the easiness of removing moisture from
slurry and sludge in numerous environmental and industrial applications [7]. It
is clear from both theoretical and practical viewpoints, that one of the major
problems of the standard CST test, particularly when testing heavy sludges, is
that suspended particles accumulate on top of the paper by sedimentation. This
may lead to an overestimation of the cake resistance, since the primary theory of
the CST test does not take the effects of sedimentation into account [8] [9]. A
flow of bubbles could be introduced into the CSA apparatus to reduce sedimentation [10]. A constant current, induced by a stirrer within the sludge chamber,
may also reduce or prevent sedimentation, thereby improving the results of CST
tests [1]. A dilution method that reduces the salinity is known to affect the SRF
and consequently the CST [11]. The reason for using four different models was
that the slope of a regression line varies in magnitude depending on whether or
not intercepts are fitted, and whether or not the X and/or Y variables have been
transformed [12].
The importance of different floc sizes and structures to explain the variability
in the dewaterability of sludge using CST tests was highlighted [1] [6]. Sludge
filterability, which is a known function of SRF, was shown using mathematical
modelling to be estimable from CST values [13]. The reason for using four different models was suggested that the slope of a regression line varies in magnitude depending on whether or not intercepts are fitted, and whether or not the X
and/or Y variables have been transformed [12]. The results of the CST and SRF
tests are correlated meaning that the SRF value can be predicted from the CST
test results [14]. It was shown that in the case of electrodewatering, the achievable dewatering results were less dependent on the polyelectrolyte features or
sludge composition, and overall better. This suggests that electrodewatering is
not only very well suited to increase the cake dry matter content, but will also
guarantee a good dewatering performance, regardless of sludge and conditioning
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history [15]. Indicators such as sludge particle size distribution; CST, SRF and
supernatant filterability were monitored that are valuable tools to compare the
sludge filterability at different reactors under standardized conditions [16] [17].
Various studies have tried to investigate and model the relationship between
CST and SRF with the purpose of obtaining the averaged specific resistance of
filtration cake from the data generated by CST tests. A method was proposed
that allowed SRF to be calculated without the liquid invasion volume measurement using capillary suction apparatus [18]. A similar work by [19] resented a
newly developed model of CST apparatus able to determine specific cake resistances of both unflocculated and flocculated sludges. The capillary suction time
(CST) and the specific resistance to filtration (SRF) tests are both commonly
used to estimate sludge dewaterability. Both tests are known to be empirically
related but the SRF test is more difficult to execute, time consuming, and expensive than the CST test, and no specific device to measure SRF is available [5] [20]
[21] and differences in the apparatus and procedures used, e.g., the filter medium and the vacuum applied, have been found to cause variability in the results
of SRF tests reported by different workers [22] [23]. The most common application of CST and SRF tests, however, is to support industrial wastewater treatment processes. CST and SRF tests are applied routinely as support operations,
to determine the capacity of sludge to be dewatered, and to select the most appropriate mechanical drying processes [1] [5]. CST and SRF tests are also applied to support the choice of a conditioning process to improve sludge dewaterability [24].
This study is aimed at contributing towards the development of improved
measures of filterability and relates the results of SRF tests to the results of CST
tests in order to model the relationship between sludge filtration resistance and
capillary suction time.

2. Materials and Method
Capillary Suction Time (CST) Apparatus
There are different ways to characterize the filterability of sludges. Compactibility as a new method to investigate the dewaterability of biological sludges and
the results of the study revealed that the compactibility, in terms of solid content
of compacted sludge, should be measured together with SRF and CST to find the
most proper dewatering method for the sludges [25]. The SRF can be used for
measurement of the relative dewatering quality of sludges from various wastewater
treatment plants, provided the text is conducted in a consistent manner [22].
Capillary Suction Time (CST) and Specific Resistance to Filtration (SRF) measurements for the organic activated sludge conditioned with fly ash and polymer
[26]. CST was reported as the dependent (predicted) variable and SRF, sludge
solid content, and sludge viscosity as the independent (predictor) variables) [27].
A relationship was proposed between the CST and the SRF settings based on
SRF theory with a moderate positive correlation between log CST values and log
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values of the filtrate viscosity and SRF based on theoretical approach [28]. A relatively good correlation was reported between normalized CST and SRF (R2 =
0.9450) and concluded that it is not necessary to use both CST and SRF at the
same time to estimate the sludge dewaterability [29]. The normalized CST is
feasible because of its affordability, simple equipment, and measurement procedure. There is a relationship between the capillary suction time and specific resistance to filtration [27]:

CST = C1 × SRF × µ f × w + C2 × µ f

(1)

where C1 and C2 are coefficients related to CST, µ f is the viscosity of the
filtrate and w is the solid content in unit volume of filtrate.
Standard CST apparatus was not available; hence the procedure described below was followed to fabricate the apparatus used for this study from the work
done by [30].
Plate Fabrication
1) Two Perspex plates of sizes 150 mm × 200 mm × 5 mm were cut for the
upper and lower plates respectively.
2) 3 mm diameter holes were drilled at the four edges to pass the clamping
bolts.
3) Centre of the upper plate was located.
4) Using a pair of divider and with the point located in 3 above as reference
point circle equal in diameter to the external diameter of the test cylinder was
drawn on the upper plate.
5) Concentric circles were drawn round the first circle with the same reference
point used in 4 above by increasing the diameter by 10 mm respectively until the
plate surface is covered in order to measure the distance of the wet front advances.
6) A hole was drilled on the upper plate with a help of a drilling machine and
with the point located in 3 above as centre.
7) Using a drilling machine the diameter of the hole in 6 above was increased
to the external diameter of the test cylinder so that it can be passed to rest directly on the filter paper.
8) The same procedures from 3 to 7 were followed to make upper plates for
the different test cylinders used for the study. The CST experimental setup is
shown below (Plate 1).
Cylinder Fabrication
Two surgical syringes of internal and external diameters (14.5 mm, 15.1 mm)
and (20 mm, 21.1 mm) were used for fabrication of the test cylinders. The closed
end of the cylinder was cut off to make cylinder open at both ends.
Capillary Suction Time Paper
Whatman 1: Cat No 1001 - 125 was used for the CST test with a diameter of
12.5 cm.
Synthetic Sludge Sample
Calcium chloride (CaCl2) at various concentrations ranging from 10 - 18 g
DOI: 10.4236/jep.2018.92007
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Plate 1. CST experimental setup (left) and CST experimental setup during filtration
(right).

was used as a conditioner and mixed with 2 g of Borax, 2 g of Polyanionic Cellulose (PAC) and Carboxyl Methyl Cellulose (CMC) before filtration. The components were dissolved in a 320 ml of distilled water.
Data Reading System
Due to unavailability of computerized data acquisition system, a stop watch
was used to take the readings as the filtrate moved across the filter paper and
timing started when the wet front of the filtrate reached the starting point from
the cylinder centre.

3. Results and Discussion
Relationship between SFR with CST
The results of CST test produced from the time required for the wet front to
reach each of the ten concentric circles were regressed on the distance between
the ten concentric circles shown in Figure 1 & Figure 2 for 20 mm and 14.5 mm
internal cylinders.
In order to establish a relationship between SFR with CST, data generated
from different concentrations of CaCl2 at the first filtrate were used for SFR and
CST for the first concentric circle to be in line with the range of CaCl2 using the
Equation proposed by [27] where they showed that there is a relationship between the capillary suction time and specific resistance to filtration. The equation is given below:
CST = C1 × SRF × µ f × w + C2 × µ f
where C1 and C2 are coefficients related to CST, µ f is the viscosity of the
filtrate and w is the solid content in unit volume of filtrate.
Comparing this to the Equation of a straight line

=
Y mx + c .

(2)

For a graph of CST against SFR:
From the graph

Slope = c1 × w × µ f
c1 =
=
c1
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w× µ f

(3)
(4)

15.876
15.876
=
= 152.793
w × µ f 6.02 × 0.01726
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Figure 1. Plot of CST against the distance between external diameters for 20 mm using 10
g of CaCl2.

Figure 2. Plot of CST against the distance between external diameters for 14.5 mm using
10 g of CaCl2.

Intercept= c2 × µ f
c2 =

Intercept −37.129
=
= −2.1516 .
0.01726
µf

(5)
(6)

The data used in Section 3. Results and Discussion show the relationship between CST and SFR based on the range of coagulant (CaCl2) for 10 g, 12 g, 14 g,
16 g and 18 g in order to evaluate the optimal dose of the sludge conditioner,
which is the dose of coagulant that produces the minimal CST and SFR. It was
found that CST decreases with increase between the circles for 15.1 mm and 21.1
mm external diameter cylinder. The change in the internal diameters of cylinders 14.5 mm and 20 mm reduced the slope of the graphs showing consistent increase in flow rate with increase in the cylinder diameter.

4. Conclusion
This study modeled the relationship between Sludge Filtration Resistance (SFR)
and Capillary Suction Time (CST) using the data generated from different concentrations of CaCl2 for SFR and CST empirically using the Equation proposed
DOI: 10.4236/jep.2018.92007
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Figure 3. Plot of CST with SFR versus concentration of CaCl2 for 20 mm internal cylinder.

Figure 4. Plot of CST with SFR versus concentration of CaCl2 for 14.5 mm internal cylinder.

by [27]. The main purpose of conducting CST and SRF tests at wastewater
treatment plants is to save operating costs by evaluating the optimal dose of the
sludge conditioner, known as the dose of coagulant that yields the minimal capillary suction time or resistance to filtration. It was found that Figure 1 & Figure 2 gave a linear relationship, showing a relatively good correlation for CST.
Figure 3 & Figure 4 showed that the values of CST decreased with increasing
CaCl2 concentration, and a good dewaterability could be obtained at the CaCl2
dosage of 18 g with the corresponding CST of 5.52 s for 20 mm internal cylinder
and 30.84 s for 14.5 mm internal cylinder. The results of SFR tests shown in
Figure 3 & Figure 4 decreased with an increase in CaCl2 dosage. The optimal
CaCl2 dosage was 18 g and the corresponding SFR was 2.65 × 108 N∙s/m5. The
results of this study for CST recommend larger diameter cylinder to be used to
test heavy sludge because the larger cylinder significantly reduces the variability
and the time taken to conduct the CST tests.
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