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Abstract

The treatment of industrial wastewater technology is varies from simpler
technology to the more advanced technology. This study was based on evaluation,
of the possibility of applying saponification/coagulation’ followed by
sedimentation to reduce oils content from refinery plants oily wastewaters.
Sodium hydroxide solution (strong base) was used as saponifier for oily
wastewater. Ferrous sulfate; ferric chloride ard alum were tested by jar test
analysis as coagulants to determine the best remeval% of COD. The results show
that sodium hydroxide, 1 molar concentration; with dosage 10 ml was more
efficient for saponification. The comparison between the three different types of
treatments methods (sponification followed by sedimentation, sponification
followed by cogulation with sedimentation and cogulation followed by
sedimentation) indicated that ferric chloride with 40 mg/l dosage is more efficient
for coagulation and sedimentation treatment after saponification of refinery plants
wastewaters & give a removal efficiency of about 84%.
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1. Introduction
Wastewater treatment refers to the
processes used to treat or remove

contaminates (such as soluble organic

matter, suspended solids, pathogenic
organisms, and chemicals) from
industrial waters that are released into the
environment [1]. Major industrial sources
of oily wastewater include petroleum
refining, metal manufacturing, machining
and food processing [2]. Removing oil
and grease is important because it is
deleterious to the treatment plant's
effluent and it can clog and reduce the
performance of filters and other
treatment equipment [3]. Recent trends
indicate that there will be new

requirements to monitor and perhaps .

regulate the emerging groups of
contaminants [4]. New developments in
the . area of membranes filtration,
disinfection/oxidation  methods, ion
exchange resins, sorption technologies,
as well as water management methods
utilize  information and  control
capabilities {5]. Thorough knowledge of
the oils physicochemical properties and a
better understanding of oil-containing
water treatment processes would permit
improvements in the existing methods
and the development of new treatment
techniques [6]. Chemical aids, or
coagulants, are used to allow individual
droplets of emulsified oil to agglomerate
into a larger floc, which is more easily
separated from the water [7]. Nano
filtration membrane based water purifier
was developed without the need for a
storage tank [8]. A combination water
filter tank was designed to remove settle
able solids from water [9]. A drinking
water filter was developed to remove

major contaminants from tap water and
other drinking water sources, and adjust
pH [10]. Ion exchange filter system was
developed to reduce ions contained in a
liquid medium used in fuel cell system
[11]. A method was developed for
oxidizing carbon absorbable organic
compounds in controlled manner with a
bed of activated carbon [12]. A system
was developed to enable a plant operator
to assess biomass development,
determine the optimum flushing rates and
distributor  speed  options  [13].
Wastewater treatment system using
oyster shells was developed as the
biological growth media in the acration
chamber [14]. A new method was
developed - for separating dissolved
materials (i.e., organic and inorganic
solids and volatile constituents) from
aqueous solutions [15]. There are two
types of soap making, cold-process and
hot-process in which heat may *be
required for saponification [16]. This
study deals with chemical means
coagulation or saponification followed
by coagulation for removing oil from
industrial wastewater.

2. Material and Methods

2.1. Experimental protocol

Two liters volume of synthetic oily
wastewater similar to that obtained from
refinery plants ‘wastewaters, was drawn
into a beaker and placed on a magnetic
stirrer to mix for a period of 30 minutes
then diluted by 20 liters of pure water.
The pH of synthetic oily wastewater
(emulsion) was 6.3 and COD was about
4600 mg/l.

2.2. Experimental Design

Three sets of experiments were
performed in this study. the first set, test
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of saponification, proper amount of
strong base of sodium hydroxide (5g)
was measured on an analytical balance &
then dissolved in one liter of distilled
water and added to 500 ml of emulsion
cylinders at various concentrations (10,
20, 30, 40, 50ml) using water bath
apparatus at 80 °C. Then the samples
were left for another 30 minutes for
cooling. The samples were then analyzed
for pH, and COD. In the second sets of
experiments, test for coagulation,
coagulants with various concentration
(20, 30, 40, 50, 60 ml) were mix for a
period of 30 minutes using jar test to
ensure that the coagulant was completely
dissolved, then sedimentation téok place.
Complete settling was achieved after 30
minutes. The treated wastewater was
then analyzed for PH and COD. In the
third set of . experiments, test of
saponification/coagulation, coagulation
was carried out after saponification to

determine the optimum concentrations of

NaOH, and coagulant at various
concentrations.
3. Results and Discussion
3.1. Determination of optimum NaOH
for saponification of oily wastewater
The highest COD removal efficiency was
about 48% and 54% when the
concentration was 10 ml and 20 ml of
sodium hydroxide solution respectively.
Fig. (1) and Fig. (2) shows the effect of
NaOH added on total dissolved solids
and on removal of the oil from the
treated portion of industrial waste water
as- indicated by COD value at different
dose of sodium hydroxide solution. TDS
increases from 3100 mg/l to 14770 mg/l

due to adding of sodium hydroxide .

solution up to 50 mg/l. It can be shown
that a NaOH concentration of 10ml! was

. P.3

enough to achieve a resiaual COD value
of about 2300 mg/1 (see fig. 2).
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Fig. (1): Effect of NaOH concentration
on TDS for oily wastewater
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Fig. (2): Effect of NaOH concentration
on COD for oily wastewater

3.2 Saponification/Coagulation of Oily
Wastewater

Fig. (3) shows that their effect of
reroval efficiency of TDS of coagulants
type on  coagulation/sedimentation
experiments of the treated industrial
wastewater. Percent removal varied
between 87% and 77% at 40 mg/l of
aluminum sulfate and 30 mg/l of Ferric
chloride respectively. Also, COD
removal efficiency of the treated portion
of oily wastewater was 84%, 81% and
76% for Ferric chloride, ferrous sulfate,
and Aluminum sulfate respectively
(Fig.4). The concentration of all reagent
wa 40 mg/l at a maximum removal
efficiency.
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Fig.(4): Effect of coagulant concentration
on TDS removal%  after
saponification of oily wastewater.
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Fig.(4): Effect of coagulant concentration -

on COD removal%  after

saponification of oily wastewater.
3.3 Coagulation and Sedimentation of
Oily Wastewater
Fig(5) shows that Increasing the
coagulant concentration from 30 to 60
mg/l decreased the total solids of the
treated wastewater by 91, 87 % for Ferric
chloride, aluminum sulfate at chemical
concentration of 40mg/1, and for Ferrous -
sulfate the reduction of total solids of the
treated wastewater was 67% at chemical
concentration of 40mg/1.
Fig.(6) shows that Ferric chloride was the
most effective coagulating agent. It
reduced the COD of the wastewater by
75.6% (compared to 69.6% and 66.7%
for aluminum sulfate and ferrous sulfate),
respectively.
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Fig. (5): Effect of coagulant concentration
on TDS removal%.
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Fig. (6): Effect of coagulant concentration
on COD removal%.

4. Conclusions: .

From the study we can conclude that:-

e Sodium hydroxide at a dosage of 10
ml with a concentration of 1 molar
solution was found to be the most
effective for saponification.

o Ferric chloride at a dosage of 40 mg/1
was found to be the most effective
coagulant for coagulation after

saponification processes.
e Finally, saponification/coagulation
processes can be used as a

preliminary treatment for the oily
wastewater to reduce oil content.

5. References

l. Industrial Wastewater Treatment
Sources; EPA-430-F-09-008; (2009).



Mansoura Engineering Journal, (MEJ), Vol. 36, No. 2, June 207.1. - P.5

2.

. MMR,;

Chen-Lu Y., "Electrochemical
Coagulation for Oily Water
Demulsification, Separation and

Purification Technology"; 54, 388-
395, (2007). .

. Siemens, A.G; "Water Technologies

"s (2008).

Berrin, T.; "New Technologies for
Water and Wastewater Treatment: A
Survey of Recent Patents on
Chemical Engineering"; 1, 1, 17-26,
(2008).

. Franceschi, M.T.; Girou, A.; Carro-

Diaz, AM.; Maurette, M.T. and
Puech-Costes, E.; "Optimization of
the coagulation process of raw water
by optimal design method"; Wat. Res,
36, 3561-3572, (2002).

"Treatment of Refinery
Wastewater Using Cross Flow
Membrane Bioreactor (CF-MBR)",
(2004). .

Department of Defense; "Design:
Industrial and Oily Wastewater
Control"; U.S. Army
Engineers, UFC 4-832-01N, (2004).

Yoon, S.R.; Kim, S.S.; Hyung, H. and

Kim,Y.H.; " Domestic Nanofiltration

Membrane Based Water Purifier
Without Storage Tank"; United States
Patent, 20056841068, (2005).

Chang, T.S. and Chuang, S.C,;
"Combination Water Filter Tank";
United States Patent, 20006132609,
(2000).

Corps of |

10. Archer, V.L.; "Drinking Water Filter
Used with Tap Water and other Water
Sources"; United States Patent,
20077156994, (2007). :

11. Takemoto, S. and Suzuki, K.; "Ion
Exchange Filter Apparatus”; United
States Patent, 20067097763, (2006).

12.McLaughlin, H.S.; "Method for
Destruction of Organic Compounds
by Co-Oxidation with Activated

Carbon”"; United States Patent,
20077199069, (2007).
13.Ruppel, M.J,; "Apparatus

Determining Weight and Biomass
Composition of a Trickling Filter";
United States Patent, 20077195707,
(2007).

14.Okamoto, R.; Komurasaki, M. and
Niki, H.; "Wastewater Purifying
Apparatus; United States Patent,
20046808622, (2004).

15. Titmas, J.A.; "Method for Extraction
of Dissolved Trace Materials from
Solution"; United States Patent,
20077189328, (2007).

16.Franceschi, M.T.; Girou, A.; Carro-
Diaz, A.M.; Maurette, M.T. and
Puech-Costes, E.; "Optimization of
the coagulation process of raw water
by optimal design method"; Wat. Res,
36, 3561-3572, (2002).



