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Abstract

The treatment of tannery wastewater in the Common Effluent Treatment Plants (CETPs),
Effluent Treatment Plants (ETPs) and Pre-treatment plants in individual tanneries, generates
significant volume of tannery sludge in the present time. The sludge is generated by the primary
treatment as chemical sludge and secondary treatment as bio-sludge. Due to the presence of
chromium, the chemical sludge produced by the primary treatment must be disposed of in a
secure landfill system. As a result, when the sludge is sent to the landfill system, the moisture
content must be decreased to the extent possible in a sustainable way for reducing the disposal
cost. A lab scale solar dryer has been fabricated and experiments were carried out for the
reduction of moisture content. The chemical and bio-sludge from CETP treating the tannery
wastewater was collected for the study. Sludge dewatering has been studied and samples were
kept inside and outside solar dryer to compare the performances. From the results, it was found
that the bio-sludge kept inside solar dryer showed better performance comparing with the
chemical sludge. It is also noticed that the bio-sludge having slightly higher drying rate than
chemical sludge as the bio-sludge is rich in organic and porous which circulate the generated
heat inside the sun dryer over the surface of the sludge particles, reducing their moisture
content.
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Experimental Studies on Dewatering of Tannery Sludge

using lab scale Solar Dryer

1. Introduction

In recent years, an extensive research has
been conducted on the benefits of
renewable energy resources. Sunlight is a
clean source of energy, but only a small part
of this energy is used by humans [1-3]. The
sun is the largest available carbon-free
energy resource for human being. Many
investigations have been conducted to learn
how to harvest and apply solar energy as a
primary source of energy [4, 5]
Governments and industries all around the
world are contemplating different ways to
prevent and reduce greenhouse gas
emissions in their activities and operations.
Therefore, many sustainable renewable
energy systems are installed and used to
replace fossil fuels. In these methods, solar
energy has been in focus because it is the
most promising energy source and has
many advantages compared with other
kinds of renewable energy sources. Solar
energy causes no or little negative effect on
the environment and hence, it is considered
as one of the main energy sources now and
in the future, it’s use is expected to increase
manifold. Solar drying is particularly
applicable in countries located on the sunny
belt of the Earth, i.e., in regions where the
sun radiation is high and the duration of
sunshine is long [6]. The first use of solar
energy for drying purposes dated back to
8000 B.C.; the first solar drying equipment
was found in south of France. However, the
conventional drying industry started around
the 18th century [7]. A lot of studies have
been done on sludge drying [5]. The proper
use of solar energy should be carefully
monitored to improve efficiency and
minimize the processing time of the drying
system [7]. The drying operation is widely
used to decrease sludge moisture and
reduce waste management investment, but
the lack of knowledge in this field increases
the antimicrobial stability of sludge (World
Health Organization, 2019). Solar drying
systems is recognized as direct, indirect,
and mixed mode forms [8]. The thermal
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efficiency has been significantly increased
by embedding the fins into the air passage
of the dryer [9]. The efficiency of the solar
drying system can be varied by several
parameters such as absorption type,
collector dimensions, number of tubes,
wind speed, and materials used within the
system. According to the dryer chamber
model, the performance of the system is
optimized and leads to increased product
quality and reduced cost and time [10].

The solar drying system is usually
used for low and medium heat [10], also
this system requires wide space for
installation with high direct sunlight. The
integration of solar drying with a
conventional drying method causes to
increase the drying system performance
[11,12].

Drying is defined as the process of
removing the moisture from a product and
can be implemented in two stages. In the
first stage, the moisture inside the product
is brought to the surface and dried in air at
a constant rate as water vapor. The second
stage involves a slow drying rate, and its
process is related to the properties of the
material to be dried [13, 14]. Drying of
different materials, namely, gases, liquids,
or solids, can be accomplished by different
methods. Solar drying in agriculture,
especially in the rural areas in developing
countries, is not an option but a necessity
because most of these areas do not have
access to grid-connected electricity and
cannot afford fuel for heaters to provide
warm air for drying crops. In such areas,
drying methods that employ heaters and
fans are not appropriate because of high-
energy consumption. Energy consumption
is one of the most important considerations
in the drying systems [15]. Energy
consumption always depends on the type of
products to be dried. The use of
conventional dryers results in high energy
consumption and monetary burden. One
disadvantage of solar drying is that solar
energy, when used as the only source of
energy for drying, is not always available.
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Thus, hybrid solar dryers, wherein solar
energy is combined with other sources of
energy, such as fossil fuel, biomass solid
fuel, and electrical energy, are used as an
alternative solar energy source to address
the above-mentioned disadvantage. Drying
can be performed wusing chemical
desiccants, by chemical decomposition of
the moisture in the stuff, or by freezing
using liquids and solids. It can also be
performed mechanically by compression,
gravity, or centrifugal forces. Preliminary,
physicochemical, and biological treatment
are all included in the wastewater treatment
plants. Primary and secondary sludge from
the physical-chemical and biological
treatments are combined, dewatered using
mechanical centrifugation, and dried in a
composting facility [16]. The remaining
sludge is subsequently dumped in a landfill.
Without being composted, the filtered
materials and the sand that is collected
throughout the process are sent to the
landfill [17, 18]. In leather processing,
Basic chromium sulphate (BCS), a trivalent
chromium salt [19], is used in leather
tanning process which has the significant
impact on the environment if it is not
properly treated and managed. During
treatment of tannery wastewater using
physico-chemical treatment, chromium
present in the wastewater is precipitated
along with other suspended solids in
primary sludge. Hence the sludge is
considered as hazardous wastes which need
to be disposed in hazardous waste landfill
or any other safe methods directed by the
regulatory authorities. The transport,
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treatment and disposal cost of this
hazardous waste is based on weight basis
and hence the moisture content in the
sludge plays significant role in arriving at
cost of disposal cost. Hence, in this current
research, an innovative solar dryer has been
designed, fabricated and experimented for
the removal of moisture content in the
tannery chemical sludge and bio-sludge.

2. Materials and Methods

2.1 Lab Scale Solar drying setup

The lab scale solar drying system of size 4
x 1.5 m is fabricated with metal tubes as
structural material. A 6.0 mm thick double
wall transparent polycarbonate sheet had
been used as the transparent material. The
floor is painted black on the surface and is
insulated at the bottom using an insulated
sheet. The insulted sheet acts as resistant
material by avoiding the heat dissipation
and the black colour absorb the heat and
release in the later stage. The solar dryer has
four sensors to measure the temperature and
humidity at different locations. The
atmosphere's temperature and humidity
were measured using a weather meter. The
atmospheric solar radiation data is obtained
from the weather using pyranometer (Kipp
and Zonen model).

In order to eliminate the water vapour that
is produced during the process of sludge
drying, an exhaust arrangement was also
added which would speed up the drying
process. The detailed specification of the
transparent sheet used for the study is given
in table below.

Table 1: Specifications of Polycarbonate Sheet

Parameters Values

Sheet Width 1220 mm
Weight (Kg/m?) 1.3

Light Transmission Clear — 80%
Heat Transfer Co-Efficient (U Value) 3.5 W/m? °K
Thermal Expansion 0.65 mm/m °C
Possible Heat and Moisture Expansion 3 mm/m
Maximum service temperature 120 °C
Structure Multi Wall
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Fig 1. Layout of the Solar dryer

2.2 Drying Trays and filtering media:
The experiment was carried out using a 225
(L) x 225 (W) x 340 (H) mm aluminium tin.
The tin is filled to a depth of 50 mm with
sand, 50mm depth of 20 mm gravel and
100mm depth of 75 mm gravel,
respectively. These packed materials act as
sludge filtering media. The sludge layer is
kept for a depth of 150 mm above the
filtering media in the aluminum tin.

2.3 Tannery Sludge:

v

2.4  Moisture analysis method

ig 2. Experimental set-up f

The chemical sludge generated from the
primary treatment of the common effluent
treatment plant treating tannery waste water
in Chennai was used in this study.
Similarly, the excess bio-sludge was
collected from the aeration tank of the same
treatment facility. Currently, the tannery
sludges are disposed in the secure landfill
system or sent to cement industries for co-
processing as per the directions of the
regulatory authorities.

-

The moisture is measured using the moisture analyser — Radwag Mac 110. The results are also

confirmed analyzing using AAPHA standards.
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3. Results and Discussion

3.1 Variation of temperature and
humidity with time in solar dryer

During the study period, the solar dryer's
daily ambient temperature in a typical day
was recorded in the range of 28 to 34°C
outside solar dryer whereas the temperature
inside the solar dryer ranged from 30 to
58°C, making it clearly evident that the
highest temperature of 58°C has been
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achieved. It was found that the average
daily solar radiation (intensity) during the
study period was about 340 W/m2. The
weather factors, such as sun radiation
intensity, air temperature, and relative
humidity, play a major role in drying
process of tannery sludge used in the study
and these data were collected over a drying
period. Fig 3 and 4 shows the profile of
temperature and humidity data for a typical
day.

M Sensor 2

H Sensor 1

Sensor 3 Sensor 4

0 ‘| “ “ “ “ || || || ||

133 14.3 15.3 16.3 17.3

Time (24hours)

Fig 3. Temperature profile with time in solar dryer
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Fig 4. Humidity profile with time in solar dryer

3.2 Tannery sludge drying in solar dryer
Sludge samples were collected from the
drying tins every day and moisture content
of samples were determined. Fig.5
illustrates the solar drying data over a
period of 18-day experimental investigation
conducted with chemical sludge. From the
Fig.5, it clear that the sludge samples kept

within the solar dryer showed effective for
removal of moisture when compared to the
sludge kept outside the solar dryer.
Moisture removal rate in the sludge sample
kept inside the solar dryer showed 32.3%
higher than the sludge sample kept outside
for chemical sludge.

100+

Moisture (%)
S

Chemical sludge l

= Quitsido Solar dryer ]
——Inside Solar dryer ‘

0 2 4 6

10 12 14 16 18 20

Days

Fig 5. Reduction of moisture content with time for chemical sludge
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Similarly, the bio-sludge generated during
the secondary treatment is also needs to be
dried before disposing it to the landfill
system. Moisture removal rate in the sludge
sample kept inside the solar dryer showed
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36.6% higher than the sludge sample
kept outside for bio-sludge. The tannery
bio-sludge drying results are shown in Fig.
6.

100+

804

604

404

Moisture (%)

20+

| Blo-Sludge

Qutside Solar dryer
Inside Solar dryer

10 12 14 16 18 20
Days

Fig 6. Reduction of moisture content with time for bio-sludge

Air within the solar dryer is mixed by
forced draught fans and circulated by
exhaust fans, the drying rate is also
increased where the ventilation is
significantly more effective (per unit of air
output) than air mixing. It is also observed
that the bio-sludge has higher drying rate
comparing with the chemical sludge which
is due to the presence of organic content in
the bio-sludge [20]. The moisture
distribution and removal follows the order:
Free moisture that can be eliminated by
gravitational settling through the filter
media kept inside the tin but is not bonded
to the sludge particles, surface moisture that
is adhered to the surface particles and
maintained there by adsorption, interstitial
moisture that can be extracted mechanically
using strong forces from the dewatered
cake's capillaries or trapped inside solid
flocs and moisture that is chemically and
intracellularly bonded [21].

In the experiment, it is observed that once
the sludge begins to dry, tiny cracks are
gradually appeared on the surface which
become larger as the drying progresses, this

Eur. Chem. Bull. 2023, 12 (6), 16411650

period of time appears as an approximately
constant speed [22-24]. When the surface
of the sludge is still wet, the cracks can
appear in places with defects on the surface
or low local moisture content because of
having fast water loss in these two places,
which cause local shrinkage of the sludge
surface to produce cracks. The cracks cause
the sludge to crack at the sludge cracks and
in the vicinity of the cracks and the water to
evaporate faster, and so the cracks become
larger. However, the increase of the cracks
has almost negligible effect on the drying
rate of the sludge, and so the drying rate still
shows a downward trend [25].

In case of chemical sludge, during
experimentation it is observed that the
formation of microscopic surface cracks
which would gradually form and get wider
as drying advances. This drying process
appeared to occur at a speed that is
approximately constant over time. As the
sludge's surface is still wet, cracks may
form in areas with surface flaws or low
local moisture content due to rapid water
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loss in these areas, which results in local
shrinkage of the sludge surface and
cracking. The water evaporates more
quickly due to the fractures, which leads to
the sludge cracking at the sludge cracks and
around the cracks. The drying rate of the
sludge still indicates a decreasing trend,
despite the fact that the rise in cracks has a

Section A-Research paper

very small impact on it. But, for the sludge
kept outside the solar dryer, the cracks are
very minor.

But in case of bio-sludge, the crack
formation is very little and at the end of
drying stage it became like texture of sand
[26, 27].

Fig 7. Dried Sludge with cracks

3.3 Additional advantages of solar dryer
The solar drying method is also led to
partial sludge sanitization in addition to
water evaporation. The solar drying process
with higher solar radiation may remove the
microbe fully. The partial sludge
disinfection in this case may be attributed to
the microorganisms' exposure to solar UV
radiation, raised sludge temperatures, and
concurrently decreased sludge moisture
content [28]. In addition, during monsoon
seasons, the closed solar dryer proposed n
this study can be effectively used compared
open sludge drying beds.

4. Conclusion

The chemical and biological sludge
produced by the tannery operations was
exposed to solar dryer experiments in the
current study. The sludge produced in
CETPs must be disposed of according to
current regulatory standards in a secure
landfill system on weight basis. The
sludge's moisture content was significantly
reduced which would reduce the disposal
cost of sludge that needs to be disposed in

Eur. Chem. Bull. 2023, 12 (6), 16411650

SLF system and cement industries. This
helps to reduce the overall treatment cost of
CETP and also it can be effectively used
during monsoon.
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