CHAPTER 3: METHODOLOGY
The objective of this research was to measure the oil recovery ability of human hair
and oil treating ability of carbonized rice husk. In recovery section, several batch
experiments were carried out using hair pieces. Further, belt type of skimmer was
fabricated and human hair was used to prepare the skimmer belt and after that the
performance of the equipment was measured for the synthetically prepared oily water
samples. For the treatment section; batch experiments were carried out to study the
process parameters using carbonized rice husk. Finally oily water samples taken
from a service station outlet was treated using the skimmer and carbonized rice husk.
To ensure the accuracy, reliability and reproducibility of the readings, all
experiments were repeated three times and average value was taken for calculations.
The material preparation and the procedure used to conduct above experiments are
described in detail below.

3.1 Recovery Section
In recovery section, two different types of experiments; batch wise and continuous
were carried out to demonstrate the feasibility of use of human hair as an oil recovery
material. Batch experiments were carried out using hair samples in lab scale at room
temperature (30 0C ± 2). The experiments related to continuous recovery were
conducted using a belt type skimmer.

3.1.1 Batch experiments
Batch experiments were carried out to study the oil adsorption and oil recovery by
human hair in lab scale.

3.1.1.1 Preparation of hair pieces
Hair collected from the saloon was cut into small pieces around 5cm to 7cm and
shampooed to clean the hair and dried in normal temperature before using for the
experiments. After shampooing, the surface pores of the hair are open and it reduces
the surface differences among the hair collected from different persons.

41

3.1.1.2 Preparation of synthetic wastewater
Waste oily water samples were prepared synthetically using kerosene and distilled
water. The mixer was agitated at 300 rpm in a rotary shaker (Stuart® Orbital Shaker)
for 15 minutes to mix oil and water properly. The oil concentration was maintained
around 80mL/L. That ratio is near to oil to water ratio of local service station
wastewater (Samoon, 2002). Generally this ratio is fluctuating around that value in
practically and therefore experiments were carried out preparing water samples in
which oil to water ratio was around this value.

3.1.1.3 Effect of initial oil concentration for oil recovery
Effect of initial oil concentration was investigated by varying the oil concentration of
samples 100mL/L, 75mL/L, and 50mL/L, while keeping other parameters such as
amount of hair loading, hair soaking time are constant. 3.5 g of hair was soaked in
200 mL of oily water for 15 minutes and then oil impregnated hair was taken out.
Then the oil was recovered by pressing. The procedure was repeated until the oil
recovery disappeared. After the oil was removed from oily water using hair, there is
some amount of oil in water as residual and it was measured by extracting that oil
into hexane. Residual oil weight was measured after evaporating all hexane at 85 0C.
Oil adsorbed to hair was measured by the difference between initial total oil amount
and final residual oil amount. Some part of this oil can be recovered by pressing and
the other part is adsorbed to the hair permanently.

3.1.2 Belt type skimmer
3.1.2.1 Design of the belt type skimmer
The skimmer was designed and fabricated as shown in Figure 3.1. As shown in
figure, the diameter of the bottom pulley is 30cm and the diameters of top pulleys are
20cm and 10cm. The belt prepared by hair with 12cm width and 240cm length was
connected around the pulleys which have diameters of 20cm and 30cm. The handle
by which equipment is operated was connected to the bottom pulley which diameter
is 30cm. There is a spring between pulleys which have diameters of 20cm and 30cm
to tight the belt for squeezing the oil adsorbed to hair belt.
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Figure 3.1: Design of Belt Skimmer
3.1.2.2 Operation of the belt type skimmer
This device was used for continuous recovery and it can draw floating oil from the
oily wastewater and this can be implemented to recover the oil from oil spillage in
sea as well as service station wastewater. The belt type skimmer was designed and
fabricated in the workshop as described previous section (3.1.2.1). The three
different belts were prepared using different amount of human hair such as 150g,
300g and 450g with 240 cm length and 12cm width. This conveyor belt adsorbs the
oil from water surface as it moves through the water body. The system has three
pulleys as shown in Figure 3.1. Two pulleys in upper side scrape and squeeze the oil
from the belt. This oil was collected to a chamber.
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Figure 3.2: Belt Skimmer

3.1.2.3 Experiments using belt type skimmer
The performance of this device was measured by varying the amount of hair used in
conveyer belt and changing the number of rotations. The belt was shampooed in
every time before use.

3.1.2.3.1 Analytical procedure
Determination of oil and grease using partition- gravimetric method
After recovery section, the wastewater sample contained significant amount of
residual oil which cannot be recovered more using the skimmer. Partitiongravimetric method was used to determine the amount of remaining oil in the
sample. After oil was recovered by the skimmer, wastewater sample was acidified to
pH 2 or lower using 1:1 HCl. Sample was transferred to separatory funnel and 30 mL
of hexane was added. Contents in separatory funnel were shaken vigorously and the
layers were allowed to separate. Solvent layer was drained through a funnel with
filter paper and 10 g Na2So4. The extraction was done twice more with 30 mL
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Hexane. Solvent was distilled in a water bath at 85 0C and after cooling down; the
weight of the flask with residue was measured.

mg oil & grease /L =

(A − B) ∗ 1000
mL Sample

A – The weight of the flask with residue
B --The weight of the empty flask

3.2 Treatment Section
In this study, thermally activated rice husk (carbonized rice husk) was tested for
adsorption of petroleum hydrocarbon. Experimental procedures used for adsorbent
preparation, characterization of adsorbents, batch adsorption tests carried out for
optimizing the process parameters are described in this chapter. Other than
carbonised rice husk, oil treating ability of raw rice husk and saw dust were also
tested. All experiments were carried out at room temperature (30 0C ± 2).

3.2.1 Facilities
The rice husk samples were sieved through ENDECOTT test sieve shaker with BS
410 laboratory test sieves. Weighing of samples was performed using an analytical
balance with precision ±0.001g. Carbonization was carried out in a muffle furnace
(Lenton 1,100 0C Chamber Furnace AF 11/6). Moisture content of adsorbents was
measured using Moisture Balance (MB 200x, Citizen Scale) and the pH
measurements were carried out using HANNA pH 211 microprocessor pH meter.

3.2.2 Preparation of synthetic wastewater
This experimental work was carried out in Environmental Engineering laboratory at
department of Chemical & Process Engineering. The objective of this is to be treated
the oily water after removing of free oil using skimmer. If the actual oily wastewater
samples were tested after recovery section, the characteristics of that samples change
with time due to the change in inlet water characteristics and recovery stage
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performances. Therefore, in order to avoid above difficulties, oily wastewater
samples were prepared synthetically with oil concentration 10mL/L which is
approximately similar to the oil concentration of oily water after recovery section.

3.2.3 Preparation of adsorbents
Rice husk was obtained from local rice threshing mills and washed with tap water
and distilled water respectively until the washed water is clear. Then it was oven
dried for 8 hrs at 105 0C and sieved to 1mm- 2mm particle size. This was named as
raw rice husk. Then raw rice husk was steamed at 135 0C for 10 minutes using Auto
Clave and oven dried at 110 0C for 3 hrs. Then, it was carbonized in muffle furnace
at 600 0C for 3 hrs time duration (Kumagai et al., 2006). After that, black coloured
carbonized rice husk was washed with distilled water and oven dried. Then it was
sieved to 500-710 µm size again and stored in sealed polythene bags to be used as an
adsorbent for the experiments.
Saw dust collected from wood mills was washed with tap water and distilled water
respectively until the washed water is clear. Then it was oven dried for 8 hrs at 105
0

C and named as raw saw dust. Then carbonizing procedure as described earlier for

rice husk was used to prepare carbonized saw dust.

3.2.4 Analytical procedure
3.2.4.1 COD removal method
After treatment section, oily water samples contain very low percentage of oil and
therefore it cannot be measured using partition- gravimetric method. Therefore the
remaining oil, i.e. the effectiveness of treating oily wastewater was measured mainly
with respect to the % of COD reduction for each parameter of influent oily
wastewater.
The % of COD reduction was calculated as follows.

% of COD reduction =

(Initial COD − Final COD) ∗ 100
Initial COD
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3.2.4.2 Testing procedure
The COD value of initial sample and treated sample were tested at each experiment
and the % of COD removal was determined. When measuring COD for treated water
samples, it was filtered to remove the carbonized rice husk. After that 2.5 mL of
treated sample for testing COD were withdrawn while shaking the whole sample to
avoid the phase separation of remaining oil and water. COD of each sample was
determined according to the standard reflux method (APHA, 1992).

3.2.5 Characterization of adsorbents
After preparing carbonized rice husk, characteristics of the carbonized rice husk was
measured by testing several properties. The characteristics of raw rice husk and saw
dust also was measured. Specific gravity was determined by specific gravity bottle
method and moisture content was determined using moisture balance. Particle size
was determined using a sieve analyzer.

3.2.6 Batch experiments

Figure 3.3: Batch Experimental Setup

Batch experiments were carried out by adding a known amount of the prepared
adsorbent to a known volume of oily water sample in a conical flask and agitating it
at 300 rpm in a rotary shaker. The temperature of the samples was maintained at
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room temperature (30 0C). Samples were withdrawn at pre-determined time intervals
and its oil treating ability was compared by measuring the % of COD reduction
(Karunarathne, 2007). The effects of process parameters such as effect of adsorbent
dosage, contact time, initial oil concentration, particle size, and solution pH on % of
COD reduction were investigated. The experimental setup used for the batch
experiments is shown in Figure 3.3.

3.2.6.1 Effect of adsorbent dosage of carbonized rice husk
The effect of adsorbent dosage was studied by shaking 0.5, 2.5, 5.0, 7.5, 10.0 g/L of
the adsorbent with synthetic oily water solutions of 10mL/L oil concentration. These
experiments were carried out while keeping other parameters such as contact time,
initial oil concentration, particle size, and solution pH constant and all precautionary
actions needed were taken as possible to get best results. pH and particle size were
maintained at 7 and 500μm -710μm respectively. Samples were withdrawn at 30
minutes time interval and final COD values were calculated for analyzing remaining
oil amount.
To compare the oil adsorption capability of carbonized rice husk with other natural
derived adsorbents, same experiments were done for other adsorbents such as raw
rice husk and saw dust.

3.2.6.2 Oil treating ability of raw rice husk
The effect of raw rice husk was studied by shaking 0.5, 2.5, 5.0, 7.5, 10.0 g/L of the
raw rice husk with synthetic oily water solutions of 10mL/L oil concentration. These
experiments were carried out while keeping other parameters such as contact time,
initial oil concentration, particle size, and solution pH constant. pH was maintained
at 7. The samples were withdrawn at 30 minutes time interval and final COD values
were calculated for analyzing remaining oil amount.

3.2.6.3 Oil treating ability of saw dust
The effect of saw dust was studied by shaking 0.5, 2.5, 5.0, 7.5, 10.0 g/L of the saw
dust with synthetic oily water solutions of 10mL/L oil concentration.

These

experiments were carried out while keeping other parameters such as contact time,
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initial oil concentration, particle size, and solution pH constant. pH was maintained
at 7. The samples were withdrawn at 30 minutes time and final COD values were
calculated for analyzing remaining oil amount.

3.2.6.4 Effect of contact time
Effect of contact time on adsorption was investigated by adding 5g/L of adsorbent.
Different five samples were subjected to adsorption and after that adsorbents were
filtered from samples in different time intervals from 5 minutes to 1 hr and analyzed
the residual oil amount by calculating the final COD values. pH and particle size
were maintained in 7 and 500μm -710μm respectively.
3.2.6.5 Effect of initial oil concentration
To evaluate the effect of initial oil concentration on the % of COD reduction, initial
oil concentration was varied by adding different oil amounts; 5 mL/L, 10 mL/L, 15
mL/L, 20 mL/L, and 25 mL/L. Then 1g of carbonized rice husk was added for each
sample and samples were withdrawn after 30 minutes. pH and Particle size were
maintained at 7 and 500μm -710μm respectively. All precautionary actions were
maintained as same as earlier.

3.2.6.6 Effect of particle size
Batch adsorption experiments were carried out using five different particle sizes of
carbonized rice husk (<500 μm , 500-710 μm, 710-1.0 mm, 1.0mm-1.4mm, >1.4mm)
at a fixed pH, contact time, mixing speed, initial oil concentration, and adsorbent
dose. Samples for analysing % of COD reduction were withdrawn after 30 minutes.

3.2.6.7 Effect of solution pH
Effect of pH was investigated by shaking 5.0 g/L of adsorbent with synthetic oily
water solutions. Different oil solutions were prepared within 2-11 pH range.
Adjustment of pH was carried out using 0.1M HCl or 0.1M NaOH solution while
keeping other parameters constant. Samples were withdrawn after 30 minutes and
analyzed the remaining oil concentration.
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3.2.6.8 Adsorption isotherms
Isotherm studies were conducted by shaking 5g/L of adsorbent in oily water samples
prepared with different oil concentrations (varying from 5 mL/L to 25 mL/L) for 90
minutes time period which is longer than equilibrium time period for each oily water
samples. The isotherms were obtained at room temperature (30 0C).

3.3 Service Station Wastewater Treatment
The service station wastewater samples collected from a Katubedda service station
was treated using two stages treatment processes. In 1st stage, oil layer on the top of
the oily water sample was recovered using the skimmer and in 2nd stage, the
remaining oil was treated using carbonized rice husk. Optimum process conditions
determined with synthetic oil samples were used for the experiments and final oil
concentration was measured in respect to COD reduction.
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