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Abstract: The experiments were conducted to measure the important parameters in quality of treatment by addition of four
different amounts of nano two metal oxides 1, 1.5, 2 and 2.5 gr. The value of zeta potential and oil and grease is investigated.
The results show the better performance of nano ferric oxide in coagulation and flocculation by lower amount of zeta potential,
ammonia, phenol and sulfide and oil, grease elimination than aluminum oxide. However the value of slug volume index in
treated wastewater by nano ferric oxide is higher than that is obtained with nano aluminum oxide. The obtained results show
the higher values of zeta potential in about 1%, 3%, 11% and 5% using aluminum oxide than those are obtained using nano
ferric oxide show the better coagulation and flocculation in using nano ferric oxide nano coagulant.
Keywords: Pretreatment Reactor, Sea Ecosystem, Softening Process, Wastewater Treatment, Desalination,
Nano Coagulants

1. Introduction
Although desalination units have been grown up, but exit
brine stream is usually drained into the sea ecosystem.
Moreover, annually a large quantity of concentrated brine is
discharged into the sea (Khiari et al., 2010; Gao et al., 2009;
Pa et al., 2009; Yana et al., 2009; Wu et al., 2011; Setiawan et
al., 2009). By treatment of this saline wastewater, it is
possible to eliminate the hazardous effects of salinity on sea
ecosystem. Additionally two valuable matters, salt and sweet
water can be produced.
Total hardness and turbidity of wastewater must be
reduced during pretreatment process of wastewater to
produce Sodium Chloride salt (Lee at al., 2010; Yana et al.,
2009). Coagulants are the matters used to decrease total
hardness of wastewater. The pretreatment process includes 3
steps: coagulation, flocculation and sedimentation.
Improving the efficiency of pretreatment process depends on
water specifications and also the operating parameters
(Wang, Lee et al., 2010; Jangkorn et al., 2011; Al-Jasser,
2011). The optimum mixing rate of first pretreatment reactor,

type of coagulant, ratio of sodium carbonate to coagulant and
sodium hydroxide to coagulant are some of the important
factors in operating conditions. Polyelectrolytes or mixture of
coagulants can be used to improve the efficiency of total
hardness removal (Nan et al., 2009; Wang, Zhoua at al.,
2009).
In this research various binary mixtures of three mineral
coagulants were investigated quantitatively and qualitatively.
The optimum amounts of Sodium Carbonate to coagulant
ratio and Sodium Hydroxide to coagulant ratio were studied
for each coagulant individually. This shows that the best ratio
for Sodium Carbonate to coagulant is three and for Sodium
Hydroxide to coagulant are four.

2. Materials and Methods
2.1. Materials
Experiments are managed for the brine wastewater of
Tehran petroleum refinery which exits from desalination unit.
Table 1 introduces specifications of wastewater. Three
commercial mineral coagulants, Aluminum oxide, Al2 O3 ,
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Ferric oxide, Fe2O3, as nano coagulants are used in the
pretreatment process. Moreover in softening process Sodium
Carbonate and Sodium Hydroxide must be added to the
wastewater. The previous researches in this field are focused
on finding the optimum ratio of Sodium Carbonate to
coagulant and also Sodium Hydroxide to coagulant and these
ratios are used in this work too. These proper values are 3
and 4, respectively.
Three groups of mixture of couple mineral coagulants
which contain different compositions are examined to
investigate the best mixture to decrease total hardness.
Table 1. Specifications of concentrated brine wastewater.
Composition
Ca++
Mg++
Total hardness
Specific Gravity at 15 c
pH
Viscosity (Kinematic)
TSS
Total Dissolved Solids

Unit
ppm as CaCO3
ppm as CaCO3
ppm as CaCO3

mm2/s
g/l
g/l

Brine outlet line
8934.5
23581
32515.5
1.06
8.6
0.72
Trace
63.8

2.2. Experimental Apparatus
Experiments are held in two pretreatment reactors. The
capacity of each reactor is 8 liter and each of them equipped
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by a mixer. The speed of the mixers can be changed by a
“control box”.

3. Results and Discussion
3.1. The Basic Items in the Treatment Process by Nano
Particles
Important parameters in pretreatment of wastewater to
drain into the environment are investigated in this
experimental work. So, different ranges of both nano ferric
and aluminum oxide are used to find the proper operation
conditions in pretreatment of wastewater.
3.2. The Effect of Ferric Oxide on the Pretreatment
Properties
The stability of suspension is shown as amount of zeta
potential. The higher absolute magnitude of zeta potential
shows the more stable colloidal dispersions. The higher zeta
potential obtains the higher value of repulsion forces and
stable colloidal dispersion. Figure 1 shows the effect of
addition of nano ferric oxide on the value of zeta potential.
The results show that the addition of nano ferric oxide
decreases the value of zeta potential and so leads to the better
coagulation and flocculation.

Figure 1. The amount of zeta potential versus nano coagulant.

Figure 2. The amount of oil and grease removal versus nano coagulant.
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The addition of nano coagulant is evaluated in oil and grease removal percentage in Figure 2. Results show the positive
effect of nano coagulant addition in oil and grease removal. The changes in value of nano coagulant from 1 gr to 2.5 gr
increase the amount of oil removal percentage from 40% to 43%. This shows the 3% increase in the amount of oil removal
percentage. Oil and grease may bond with the coagulant structure or may trap in the flocs.

Figure 3. Oil and grease removal versus aluminum oxide nano coagulant.

The amount of oil and grease elimination by aluminum oxide usage is shown in Figure 3. The removal percentage of oil and
grease increases from 37% to 41% by addition of 1 gr to 2.5 gr of nano aluminum oxide as coagulant. With equal amount of
nano coagulant the performance of nano ferric oxide shows the better results about 8%, 7%, 6% and 4% than those are shown
using nano aluminum oxide.

Figure 4. Zeta potential versus aluminum oxide nano coagulant.

Figure 4 shows the value of zeta potential as the factor of stability of colloidal suspension. The higher values of zeta
potential in about 1%, 3%, 11% and 5% using aluminum oxide than those are obtained using nano ferric oxide show the better
coagulation and flocculation in using nano ferric oxide nano coagulant. This may depends on the nature of ferric oxide than
aluminum oxide in bonding with the contaminants.

Figure 5. The effect of amount of nano ferric oxide on value of color/color0.
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Figure 5 shows the effect of usage of nano ferric oxide on the fraction of color/color0. This is one factor to show the quality
of clearance of wastewater. The increase in the coagulant dosage decreases this value. This shows the power of coagulant in
elimination of component which makes turbidity. The increase from 1 gr to 2.5 gr of coagulant decreases this fraction from
0.19 to 0.14.

Figure 6. The amount of color/color0 removal versus aluminum oxide nano coagulant.

Figure 6 shows the effect of nano aluminum oxide on the
value of color/clolor0. This ratio decreases from 0.21 to 0.14
using 1 gr to 2.56 gr of nano aluminum oxide. Comparing
these results with those are obtained for using of nano ferric
oxide show the higher performance of nano ferric oxide
about 10%. 0.5%, 0.6% and 0.4% in ratio of color/color 0
than aluminum oxide.

4. Conclusion
The performance of two nano coagulant in pretreatment of
wastewater from refinery is presented in this experimental
work. Refinery wastewater includes oil, grease as
contaminants. The dosage of nano coagulant changes in
values of 1, 1.5, 2 and 2.5 gr. Both nano ferric oxide and
aluminum oxide show the positive effect in elimination of
dangerous components. The increase in the amount of each
nano coagulant increases the effect of them in contaminant
removal. Results obtained from ferric oxide usage (1, 1.5, 2
and 2.5 gr) show the higher value about 20%, 18%, 20% and
9.5%, respectively. The higher values of nitrate elimination
percentage are obtained in usage of ferric oxide about 12%,
17%, 12% and 15%, respectively than those are obtained
from aluminum oxide. In elimination of the other
contaminants the nano ferric oxide shows the more effective
influence in pretreatment process than nano aluminum oxide.
The value of zeta potential of nano aluminum oxide is
averagely 5% higher than values obtained from using nano
ferric oxide, so the nano ferric oxide shows the better
coagulation and flocculation. The average amount of slug
value index by using nano ferric oxide is 16% higher than
that is obtained from the addition of nano aluminum oxide.
The experimental results show the higher values of zeta
potential in about 1%, 3%, 11% and 5% using aluminum
oxide than those are obtained using nano ferric oxide show

the better coagulation and flocculation in using nano ferric
oxide nano coagulant. Also, the results state, the increase
from 1 gr to 2.5 gr of coagulant decreases this fraction from
0.19 to 0.14. In addition, the comparing these results with
those are obtained for using of nano ferric oxide show the
higher performance of nano ferric oxide about 10%. 0.5%,
0.6% and 0.4% in ratio of color/color 0 than aluminum oxide.
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