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One of the major improvement points in wastewater treatment processes is sludge treatment. The effectiveness of
existing sludge treatment processes is highly limited due to poor dewaterability and compressibility of sludge. In
this paper, a new sludge conditioning method was studied. The results show that combining NaCl and straw powder
with commercial flocculant significantly improves sludge dewaterability and reduces moisture content, while
increasing heat value. Adding NaCl in 0.25M dosage and 50% straw powder (dried and sieved to 0.125 —0.063 pm)
resulted in significant reduction of specific resistance to filtration and sludge moisture content. The results also
suggest that it would be possible to partially substitute the flocculant with less expensive conditioners, which could

potentially reduce the cost of sludge dewatering.
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INTRODUCTION

Sludge is an inevitable by-product produced as a
result of wastewater treatment processes. On average,
sludge takes up around only 1% of treated water [1].
However, sludge management can take up to 60% of
total operating costs of the wastewater treatment
plant[2]. The high cost of sludge treatment is mainly
due to its high water content (>92) and poor
dewaterability[3].

For the purpose of sludge dewatering, chemicals
such as calcium oxide, iron chloride, aluminum
chloride and polyacrylamide are used[4]. However,
these chemicals are expensive and reducing the need
for these chemicals is economically important.

The aforementioned chemicals significantly
reduce the moisture content of sludge and specific
restistance to filtration (SRF) by forming larger flocs.
However, a lot of the moisture is bound inside the
sludge flocs. Thus, disintegrating the flocs before
conditioning is key to enhancing sludge
dewaterability[5]. It is understood that NaCl sludge
condititoning is a cost-effective method of improving
sludge dewaterability, with the reported optimal NaCl
dosage of 0.25-0.30 mol/l[6, 7]. Furthermore, to
improve sludge filter cake compressibility and
mechanical strength some physical aids can be used.
Zhu et al. reported using rice husk powders as physical
conditioner, which lowered the moisture content of

sludge filter cake to 62.50% [4]. Using physical
conditioners can also increase the heat value of treated
sludge, which is important for further sludge treatment
i.e. incineration. Many physical conditioners such as
lime, gypsum, fly ash and rice husk have been used as
physical aids [8, 9, 10, 4]. However, currently there
are no reports on using straw as a physical conditioner
in sludge treatment.

The objective of this paper is to research the effect
of straw powders on sludge dewaterability as well as
researching the possibility of lowering the needed
dosage of commercial flocculant by introducing
alternative conditioners.

MATERIALS AND METHODS

Sewage sludge sample was collected from a local
wastewater ~ treatment  plant  in  Zivinice,
Bosnia&Herzegovina. Raw sludge was stored at 4°C
and restored to room temperature before tests. The pH
value of raw sludge was 7.16 with an initial moisture
content of 94.50%.

NaCl was purchased as an analytical reagent. The
flocculant was kindly donated by the wastewater
treatment plant in Zivinice. The flocculant solution
(10 g/l) was prepared and mixed on a jar test apparatus
5 minutes at 80 r/min immediately before tests. Straw
was collected from a local dairy cow farm. Prior to the
tests, the straw was dried at 105°C, ground in a ball
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mill and sieved to 0.125 — 0.063 um. Sludge filtration
was conducted using a vacuum pump with a Buchner
funnel at 600 mm Hg pressure.

SLUDGE CONDITIONING AND DEWATERING

The samples were as follows:

- Sample 1: Flocculant (10 g/l)

- Sample 2: Flocculant (10 g/lI)+ NaCl (0.25M)

- Sample 3: Flocculant (10 g/l) + NaCl (0.25M)
+ straw (50%)

- Sample 4: Flocculant (10 g/l) + straw (50%).

All chemicals and physical aids were added to 300
ml of sludge in a 800 ml beaker. The prepared
flocculant solution was added to the sludge (Sample 1)
and mixed on a jar test apparatus for 60 s at 250 r/min,
then 5 min at 80 r/min.

The samples containing NaCl (Sample 2 and
Sample 3) were mixed for 120 mins at 80 r/min prior
to adding the flocculant solution. In case of Sample 3,
50% wheat straw powder was added with NaCl and
thus mixed for 120 mins at 80 r/min prior to adding
the flocculant solution. After adding the flocculant,
samples containing NaCl and NaCl+wheat straw
powder were mixed for 60 s at 250 r/min, then 5 min
at 80 r/min.

Sample 4 was prepared as follows: 50% straw
powder was added to 300 ml sudge in a 800 ml beaker
and mixed for 120 mins at 80 r/min. Then, the
flocculant solution was added and the sludge was
mixed for 60 s at 250 r/min, then 5 min at 80 r/min.

100 ml of each sample was filtered after mixing in
a Buchner funnel with blue ribbon filter paper. The
filtrate volume was recorded every 30 s for 4 min.
Then, time to filter (TTF) was recorded as the time
needed to collect 50 ml of filtrate.

ANALYTICAL METHODS

The effectiveness of sludge conditioning was
measured in terms of moisture content, specific
resistance to filtration (SRF) and net solids yield (Yn).
Moisture content of sludge filter cake as well as
moisture content of conditioned sludge before
filtration was determined on a KERN moisture
analyser.

The SRF of sludge was determined using the
methods described by Coakley and Jones [11]. SRF is
calculated by Eq (1),

SRF =2 ”“:l—ib (1)

where p is pressure (g/cm?, A is filtration area (cm?),
b is the slope calculated from the plot t/V vs. V

(s/cm®), w is filtrate viscosity (P) and c is solids content
(g/ml).

The Yn of sludge was calculated as described by
Rehbun et al. [12]. Yn was calculated by Eq (2),
Cc
Yn=F (2255)" @
where p is pressure (g/cm?3), ¢ is solids content (g/ml),
p is filtrate viscosity (P), SRF is calculated from Eq.
(1) and F is a correctional factor calculated from Eg.

©F

T ss original+SS conditioner
where SSoriginai 1S the original sludge solids (g/l) and
SSconditioner 1S the conditioner solids (g/1).

SS original
®)

Heat value and chloride and mercury contents of
samples were also determined on an IKA calorimeter
and Metronohm titrator.

RESULTS AND DISCUSSION

Sewage sludge was conditioned by single and
combined processes described in section 2. and were
as follows: flocculant conditioning with flocculant
dosage of 10 g/l and 6 min total reaction time;
flocculant-NaCl conditioning with a dosage of 10 g/l
flocculant and 0.25M NaCl and 126 min reaction time
total; flocculant-NaCl-straw powder conditioning
with a dosage of 10 g/l flocculant, 0.25M NaCl and
50% powder straw (0.125 — 0.063 pum) and reaction
time 126 min total; flocculant-straw powder
conditioning with a dosage of 10 g/l flocculant and
50% powder straw (0.125 —0.063 pm) with a reaction
time of 126 min total.

The effectiveness of different conditioning
methods in terms of SRF and moisture content is
shown in Table 1, Figure 1. and Figure 2. shows the
change of Yn with different conditioners. The SRF of
raw sludge was 5.34 x 10 s?g with a moisture
content of 94.50%. Adding the flocculant decreased
the SRF of sludge significantly to 3.59 x 10%° s%/g, the
moisture content dropped to 86.21% and the Yn was
7.49x10* glem?. The flocculant-NaCl sample
displayed a further decreased SRF of 3.14 x 10 s%/g,
84.91% moisture content and the Yn increased to 3.63
x 102 g/cm?s. In the flocculant-NaCl-straw powder
conditioned sample the SRF was further reduced to
2.43 x 10 s?/g, the moisture content dropped to
79.87% and Yn further increased to 2.16 x 10 g/cm?s.
In the flocculant-straw powder conditioned sample the
SRF was 2.73 x 10'° s?/g, 83.78% moisture content
and the Yn was 2.18 x 107 g/cm?s.
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Fig 1. Effectiveness of different conditioning methods on SRF
and moisture content of sludge
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Fig 2. Effect of different conditioners on Yn of sludge.
Heat value of sludge samples conditioned with
different conditioners was also considered. Heat

values are presented in Table 2. Chloride and mercury
contents in all samples were <0.1 and <0.54

respectively, meeting the requirements for
incineration.
Table 1. SRF, Yn and moisture content of conditioned sludge
Sample SRF  Yn(x10® Moisture
(x10°  g/cm?s) content
s%g) (%)
1. Flocculant 35.90 0.75 86.21
2. Flocculant + | 31.40 3.63 84.91
NaCl
3. Flocculant + | 24.30 2.16 79.87
NaCl + SP
4. Flocculant + SP 27.30 2.18 83.78

Table 2. Heat values of conditioned sludge.

Sample Heat Value Mercury Chlorine
(MJ/kg) (mg/kg) (%)
1. Flocculant 15.32 0.54 <0.1
2. Flocculant + NaCl 13.92 <0.54 <0.1
3. Flocculant + NaCl + SP 13.95 <0.54 <0.1
4. Flocculant + SP 16.12 <0.54 <0.1

CONCLUSION

In this paper, different sludge conditioning
methods were studied in order to improve sludge
dewaterability and lower the moisture content of
sludge using alternative conditioners.

The highest SRF and moisture content reduction
occured in the Flocculant+NaCIl+SP conditioned
sample, where SRF was 2.43 x 10° s?/g and moisture
content was 79.87%. Yn was best in the
Flocculant+NaCl conditioned sample, at 3.63 x 10°
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g/cm?s. Heat value was best in the Flocculant+SP
conditioned sample, at 16.12 MJ/kg.

SRF, moisture content and Yn of sludge were
significantly improved by combining different
conditioners, compared to the sample conditioned
only with flocculant. This suggests that combined
conditioning highly benefits sludge dewaterability.
Furthemore, it would also be possible to reduce the
amount of flocculant needed by adding alternative
conditioners.
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