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Abstract

Wastewater from the desalination unit of petrochemical industry is used in treatment tanks. Experiments are held with three
different types of impellers in the treatment tanks and the amounts of chemical oxygen demands, biological oxygen demands,
turbidity of the clear solution, CO, and sedimentation time are measured in each runs. Mixers are composed of a mechanical
part called the head and hydraulic part called the impeller which is the core of the mixer.
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1. Introduction

Agitators are mostly installed in the following applications
such as; Petroleum storage, refined product, bioethanol
fermentation, edible oil storage, bitumen, alcohol storage,
pulp and paper [1]. Water and wastewater mixers are critical
components of the multi-step process of water and
wastewater treatment [2]. Water treatment requires precise
control at each stage in its process — from rapid flash mixing
to polymer and chemical addition [3]. This control requires
specific wastewater mixers designed by engineers focused on
this process and industry. Mixing solutions for water and
wastewater treatment must address the intricacies of our
processes, from G value specifications to tank and baffle
geometries [4]. While some chemicals simply need to be
dissolved, others, such as lime slurries, require that solids be
kept in suspension. Similarly, flocc / agglomerated particles
formed in a flocculator tank are highly sensitive to shear.
That’s why it’s critical to have a low shear polymer mixer
that creates an axial flow pattern that won’t damage the
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particles [5]. One of the famous treatment methods to reduce
suspended solids and turbidity is the coagulation and
flocculation. Coagulation uses salts such as aluminium
sulphate (alum) or ferrous of ferric (iron) salts, which bond to
the suspended particles, making them less stable in
suspension, i.e., more likely to settle out. Flocculation is the
binding or physical enmeshment of these destabilized
particles, and results in floccs that is heavier than water,
which settles out in a clarifier [6]. Scientifics stated that
removal of very small particles by gravity sedimentation
requires excessively long retention periods. Typically these
solids are bacteria, viruses, colloidal organic and fine mineral
[7]. Chemical treatment of wastewater containing these solids
results in the precipitation of chemical agents which cause
flocculation and rapid settling [8]. In addition to solids
removal, chemical treatment can help the reduction of
organic pollution. A study was made to determine the
effectiveness of various mixers on the removal of organic
pollutants [9]. Researchers studied mixing, coagulation and
flocculation process with a standard jar test procedure with
rapid and slow mixing of a kaolin suspension (aluminium

E-mail address: saharbarghpeyma@yahoo.com (S. Barghpeyma), mf_fche@iauf.ac.ir (F. Farahbod)



Bioscience and Bioengineering Vol. 2, No. 1, 2016, pp. 8-12 9

silicate), at 150 rotate per minute and 30 rpm, respectively, in
which a cat-ion Al (3+), acts as a coagulant and pectin acts as
the flocculent and found that maximum flocculating activity
and turbidity reduction are in the region of pH greater than 3,
cat-ion concentration greater than 0.5 mM, and pectin dosage
greater than 20 mg/L, using synthetic turbid wastewater
within the range. The flocculating activity for pectin and
turbidity reduction in wastewater is at 99% [10]. The other
Scientifics investigated the feasibility of mixing rate and
ferric coagulant recovery from chemical sludge and its
recycle in chemically enhanced primary treatment (CEPT)
and found that the efficiency of coagulant recovery had a
linear relationship with sludge reduction [11]. Experiments
verify that it would be a sustainable and cost-effective way to
recover ferric coagulant from coagulation sludge in water
treatment and chemical wastewater treatment and then
recycle it to CEPT, as well as reduce sludge volume [12]. The
researchers studied treatment of wastewater discharged from
four car washes by sedimentation and coagulation. The effect
of the coagulants Servical P (aluminium hydroxyl chloride),
Servican 50 (poly (diallyldimethyl ammonium chloride)),
aluminium sulphate and ferric chloride was evaluated. The
achieved removal using sedimentation was of 82%, 88%
73% and 51% for oils, total suspended solids, COD, and
turbidity, respectively [13]. In the treatment by coagulation
we achieved average efficiencies nearly to 74% for COD
removal, greater than 88% in the case of total suspended
solids removal and 92% in the case of turbidity and except
the performance of Servican 50 greater than 90% in oil
removal [14]. The some researchers studied the treatment of
tannery wastewater through coagulation- flocculation-
sedimentation. They investigated the occurred coagulation
process by mixing rate of mixers [15]. They stated that alum
was used as coagulant with cationic and anionic polymers as
coagulant aid. The results were compared with those when
alum was used alone for the treatment [16]. The comparison
revealed that the use of coagulant aid reduced sludge volume
by 60-70% and cost of chemicals by 50% for comparable
removal efficiencies [17]. The Scientifics studied the waste
activated sludge (WAS) as a coagulation and sedimentation
aid in the coagulation-flocculation process with ferric
chloride or aluminum sulfate as a coagulant for the treatment
of wastewater collected from the aforementioned industry
[18]. Without the WAS addition, the concentrations of 800
mg/L aluminum sulfate at the optimum pH value of 8 and
2208 mg/L ferric chloride at the optimum pH value of 12
were the optimum chemical dosages [19]. It appears that
aluminum sulfate was more effective than ferric chloride
based on the chemical dosage and removal efficiency [20].
The addition of 200 mg/L was sufficient to reduce the
optimum dosages of both chemicals by 200 mg/L [21]. Some
investigator performed a study to evaluate the efficiency of

cationic polymers as a suitable replacement of metal salts for
the treatment of a local tannery wastewater [22]. Eleven
cationic polymers of varying molecular weights (MW) and
charge densities (CD) were examined using jar test apparatus
[23]. The results demonstrated that treatment of tannery
wastewater with cationic polymers is a viable and
economical option when compared with metal salts [24]. The
aim of the present study is to investigate the optimum
coagulant dose and type of some coagulants to be used to
reduce the strength of the wastewater and improve its
biological treatment. The experimental parameters used in
this study including mixer shape. Undoubtedly, the effect of
shape on the total hardness, (T.H.), suspended solids, (S.S.),
turbidity, total dissolved solids (T.D.S.) is very basic. So, the
effect of three types of mixers is investigated in this paper.

2. Materials and Methods

In the field of water treatment, mixing and contacting are
important unit operations having a fundamental influence on
the performance of individual process stages or even on the
results of the complete process itself. The ever increasing
demands on water quality call for continuous improvement of
the cleansing processes.

Raw waste water + coagulant

Supernatant

Drain

Figure 1. A schematic of two series tanks.

Type 3

Figure 2. Three types of impellers used in the experiments.
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Figure 1 and 2 shows a schematic of the applied series tanks
and types of investigated impellers. The produces supernatant
is the product of the treatment unit. All analyzes are done on
samples from supernatant.

Table 1. Component assay of wastewater.

with angle of 90 on the rod. In type two, blades are
rectangular too but are jointed with angle of 60 from the
vertical line on the rod. Blades in type 3 are jointed with 90
from the vertical line on the rod, but have free sides with
angle of 60 from the horizon. Table 1 shows analysis for
samples from MED of Mobin petrochemical complex.

Composition Unit Brine outlet line Measurements from experiments are done when the turbidity
Cat+ ppm as CaCO; 14616.3 of clarified water reaches to 0.3 NTU.
Mg++ ppm as CaCO; 36080
Fe++ ppm Trace
Bat++ ppm Trace = =
O o1 o 3. Results and Discussion
HCO:; - g/l 0.185 . . . . . :
Total hardness ppm as CaCO; 50320 A submersible mixer is a mechanical device that is used to
Salinity Percent 20 mix sludge tanks and other liquid volumes. Submersible
Silica ppm 0.1 : :

mixers are often used in sewage treatment plants to kee
Specific Gravity at 15 ¢ 1.25 . . . . g . P P
pH 10.11 solids in suspension in the various process tanks and/or
Viscosity ( Kinematic ) mm?2/s 1.2 sludge holding tanks. The submersible mixer is operated by
TSS g/l Trace

Three different types of mixers are applied in experiments to
investigate the effect of blade shape on the coagulation and
flocculation process. Mechanical parts of mixer are equipped
with two rows of blades with two different lengths which are
on a 30 cm metallic rod. Two longer blades (10 cm) are
located 5 cm from the end of rod. Two shorter blades (7 cm)
are 15 cm higher than longer blades on the rod. Each blade
has 1.5 cm thickness at the side which joint on the rod.
Blades in type 1 are all in rectangular shape and are jointed

an electric motor, which is coupled to the mixer's propeller,
either direct-coupled or via a planetary gear-reducer. The
propeller rotates and creates liquid flow in the tank, which in
turn keeps the solids in suspension. The submersible mixer is
typically installed on a guide rail system, which enables the
mixer to be retrieved for periodic inspection and preventive
maintenance. Results which are reported as bar type of
graphs don't obey the usual arrangement of X values and the
amounts of X values are presented as the arrangement of
experiment which is done.
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Figure 3. Total hardness versus total alkalinity.
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Figure 4. The effect of sedimentation time on the COD.
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The effect of three types of mixers on the total alkalinity and
total hardness is illustrated in Figure 3. Type two shows the
effective elimination in the amount of total hardness in the
range of different alkalinity. This may since of the better
coagulation which is obtained by blades type 2 which
removes the magnesium and calcium in form of coagulants.
Also, according to the definition of alkalinity (summation of
carbonate, bicarbonate etc) and total hardness (salt of

divalent ions like Mg™ and Ca™) this can be concluded

that the brine solution contains a lot magnesium and calcium
salts. SO, the similar trend of decrease and increase in the
amounts of total alkalinity and total hardness are obtained.
The higher amounts of alkalinity are obtained in the higher

18

amounts of total hardness.

There are chemicals which react with oxygen other than
suspended solid and hardness in the brine. The effect of
coagulation — flocculation mechanism on the elimination of
this chemical is shown in Figure 4. Relation between the
sedimentation time and the amount of COD is obtained in
Figure 4. The mixer type 2 shows the lowest amounts of
chemical oxygen demands (in the range of 10 ppm to 15
ppm) at all related sedimentation times. This may be since of
the best effect of mixer blades in flocculation mechanism. So,
the compounds which react with oxygen are trapped between
floes and sediments.

16 @ For mixer, type one

B For mixer, type two O For mixer, type three ||

N

BOD (mg/l)

18.72 18.72 18.68 18.69

18.66

18.6 18.7 18.69 18.6 18.7

Temperature (°C)

Figure 5. The effect of temperature and mixer shapes on the amount of BOD.

The effect of temperature and mixer shapes on the amount of
BOD is investigated in Figure 5. Biological oxygen demand
is the major criteria in wastewater treatment. The mixing
phenomenon by mixer type 2 increases the temperature of
reactor to 21 C. The range of BOD values for 18.5 Cto 21 C
are changed between 2 mg/l to 6.2 mg/l, respectively.
Temperature distribution is not considerable with mixer type
1, however mixer type 3 and type 2 shows wide temperature
distribution, comparably. According to the results in Figure
5, the mixer type 2 removes BOD effectively. So, at the
adjusted temperature, the smaller amount of BOD is
obtained, after using type 2. This may relates to the best
effect of blades in mixer type 2 on the coagulation and
flocculation of organic compounds. Temperature of
environment doesn't show any clear effect in the BOD
elimination.

4. Conclusion

In this study, the effect of mixer blades and the number of
blades on the amount of major parameters of treatment
process are investigated. Drainage of petrochemical
desalination plant makes environmental emissions and
treatment of effluent wastewater is considered in this

research. The relations between important parameters such as
turbidity, CO, , total hardness, alkalinity, chemical oxygen

demands and biochemical oxygen demands are presented
based upon the results of experiments. The results can be
applied in process manufacturing and equipment design. The
following observations and conclusions can be drawn: Using
mixer with different shapes leads to different coagulation and
sedimentation efficiencies. Results show the mixing
phenomenon by mixer type 2 increases the temperature of
reactor to 21 C. Also, the range of BOD values for 18.5 C to
21 C is changed between 2 mg/1 to 6.2 mg/1, respectively.
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