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Abstract
Chemical oxidation of produced water separated from gas stream of a gas refinery in Iran, has been attempted by use
of hydrogen peroxide, ozone and calcium hypochlorite. All the experiments were carried out at 30 ºC. The aim of the
current work was improving the quality of produced water via degradation of soluble organic materials in order to be
re-used as fire-fighting water supply source in the refinery. Produced water separated from natural gas at different
stages of gas production process was collected and de-oiled in an API separator. The water effluent of API separator
contained chemical oxygen demand (COD) and total dissolved solids (TDS) of 270 and 3450 mgL –1, respectively.
The stoichiometry amount of hydrogen peroxide for complete COD removal of produced water (600 mgL –1) of
hydrogen peroxide at pH of 7.2 decreased its COD to the level of 228 mgL–1 which corresponds to 15% degradation
of organic materials. Ozonation of produced water for 1 hour at pH of 7.2 ended to COD value of 203 mgL –1 (i.e.
12% COD removal). Increasing pH of the water to 10, improved treated water quality (to COD of 192 mgL–1), which
indicated higher ozonation efficiency of the produced water at higher pH values. Maximum COD removal was
achieved for calcium hypochlorite oxidant. Employing concentrations of 300, 500, 1000 and 7100 mgL–1 of calcium
hypochlorite showed COD removal in the range of 36-70%. The final COD values were obtained as 80-173 mgL–1.
Kinetic studies of calcium hypochlorite oxidation of produced water revealed that the reaction was completed within
30 minutes at concentrations higher than 500 mgL–1. The results indicated that calcium hypochlorite was the most
efficient oxidation agent among the three oxidants employed in this study. The drawback of using calcium
hypochlorite is the high concentrations of residual active chlorine in the treated water which should be eliminated
before using as fire-fighting water source.
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1. Introduction
Gas well production fluid normally consists of natural gas and gas condensates which are
separated from water by physical techniques. The separated water stream is referred to as
“produced water”. Produced water contains dispersed and soluble organic hydrocarbons. The
dispersed hydrocarbons can be found as fine droplets contained in water in the form of
emulsion.
The volume of produced water from gas field is less than in oilfields. In gas fields, the produced
waters are mixture of well formation water and condensed water [1]. Their chloride content varies from
almost those of fresh water to salty formation water with chloride concentration about 14 times that of
seawater which is a major contributor of toxicity [2]. A wide range of gas treatment chemicals is used in
gas fields including ethylene glycol, and triethylene glycol which are mostly discharged in produced
water. Volatile components concentrations in produced water from gas fields are higher than those in
produced water from oilfields. Environmental effect of produced water can occur in all regions where oil
and gas have been produced [3]. Dispersed oil and droplets rise to the surface of water and increase the
biochemical oxygen demand (BOD) of the affected water [4]. Volatile and/or toxic compounds evaporate.
These materials are consistently toxic [5]. Also, due to the large volumes of water produced in the oil and
gas fields, possible re-use of the treated water has been taken into consideration during recent years.
Wastewater treatment processes are being developed to reduce the amount of hydrocarbons in the
produced water to acceptable levels. Conventional phase separation techniques will not remove the water
soluble organics from the aqueous phase. Thus, various biological [6, 7] and chemical [8] oxidation
methods have been used to treat the produced water of oil and gas industries.
In this research, chemical oxidation of hydrocarbons in produced water separated from gas stream of
Parsian Gas Refinery, located in southern part of Iran, has been carried out. Among available oxidants
(Table 1), three oxidation agents with different oxidation power (ozone, hydrogen peroxide, and calcium
hypochlorite) has been used to decrease the chemical oxygen demand (COD) of the produced water.

2. Materials and methods
All the experiments were carried out on produced water samples taken from effluent of API oil
separator of Parsian Gas Refinery located in south of Iran.
2.1. Sampling
Composite samples were taken from wastewater effluent of API oil separator of Parsian Gas Refinery
every 4 hours for two days. Average values of the samples have been reported.
2.2. Materials
Laboratory-grade hydrogen peroxide at concentration of 341.7 gL-1 and calcium hypochlorite of 70%
purity (Merck Co.) was used for oxidation process. All other chemicals were analytical grade and
obtained from commercial sources.
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Table 1. Oxidation power of some oxidation reagents [9]
Oxidation species

Oxidation power

Hydroxyl radical

2.80

Ozone

2.07

Hydrogen peroxide

1.77

Permanganate

1.67

Chlorine dioxide

1.50

Hypoiodous acid

1.45

Chlorine

1.36

2.3. Analysis
COD analysis was conducted by reactor digestion HACH method 8000, which was approved by
USEPA as per Federal Register, April 21, 1980, 45 (78) 26811-26812, using high range vial (0-1500
mg/L). HACH methods are described in detail in the HACH' Odyssey DR/2400 spectrophotometer
manual.
Concentration of oxidants were analyzed by iodometric titration [10].
2.4. Experiments
Oxidation by hydrogen peroxide and calcium hypochlorite was carried out in 250 mL agitated reactor
contained 200 mL solution at 30 ºC. Ozone was produced from a 1VTTL-Ozomax ozone generator with
maximum capacity of 10 gr h-1 utilizing pure oxygen gas feed. Ozonation of samples was carried out
using a glass reactor with a working volume of 1800 mL equipped with a teflon diffuser. 1.3 liters of
sample was added into the glass reactor agitated at 100 rpm and 30 ºC. Ozone gas was supplied at
concentration of 6 Gh-1 by flowing of 0.09 Nm3H-1 oxygen. The performance of chemical oxidation was
evaluated based on chemical oxygen demand (COD) removal.

3. Results and discussion
The focus on waste minimization and water conservation in recent years has resulted in the production
of concentrated or toxic residues. Due to the increasing presence of molecules, refractory to the
microorganisms in the wastewater streams, the conventional biological methods may not be used for
complete treatment of the effluent in some cases and hence, using chemical oxidation to degrade these
refractory molecules into smaller molecules, has become imperative. The produced small molecules can
be further oxidized by biological methods.
Table 2 represents the characteristics of the composite sample of produced water after oil separation in
API unit. All experiments were carried out using this sample. Three oxidants, hydrogen peroxide, ozone
and calcium hypochlorite, which present different oxidation power, were selected for oxidation of
dissolved and dispersed hydrocarbons.

Hydrogen peroxide is a strong oxidant readily applied to wastewater treatment in the past.
Hydrogen peroxide has been found to be effective in degradation of compounds or treatment of
real wastewaters requiring less stringent oxidation conditions [11] but applications to complex
mixture of effluents like dyes, textile industry effluent, heteroaromatics and the present
produced water need to be explored. The stoichiometry amount of hydrogen peroxide for
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complete COD removal of produced water was calculated as 570 mgL–1. Oxidation of produced
water by 600 mgL–1 of hydrogen peroxide after 4 hours reaction decreased its COD to the level
of 228 mgL–1 which corresponds to 15% degradation of organic materials (Table 3).
Table 2. Properties of the composite wastewater sample
Property

Quantity
-1

Total dissolved solids (mgL )

3450

-1

Chloride (mgL )

1400

COD (mgL-1)

270
-1

Total Iron (mgL )

13

pH

7.2

Table 3. Chemical oxidation of produced water by hydrogen peroxide after four hours
H2O2 Concentration (mgL-1)

COD (mgL-1)

0

270

600

228

The results show low degradation rate of organic materials in the produced water. A major problem
encountered with the application of hydrogen peroxide alone for wastewater treatment applications are
very low rates for applications involving complex materials. Moreover, stability of H 2O2 remains a
question, as the catalytic decomposition agents present in effluents compete with the pollutants [11].
Ozonation of produced water for 1 hour at pH of 7.2 ended to COD value of 203 mgL –1 (i.e. 12% COD
removal). Increasing pH of the water to 10, improved treated water quality (to COD of 192 mgL –1), which
indicated higher ozonation efficiency (29%) of the produced water at higher pH values. Higher pH values
enhance the formation of hydroxyl radical which is a strong oxidation in the presence of ozone.
Table 4. Chemical oxidation of produced water by ozone at different pH
Time (min)

pH

COD (mgL-1)

0

7.2

270

60

7.2

203

60

10.0

192

Thus, it appears that the use of ozone alone is not feasible for the treatment of complex compounds in
the produced water and combination with other advanced oxidation techniques seems to be a better
alternative.
Maximum COD removal efficiency was achieved for calcium hypochlorite oxidant. Employing
concentrations of 300, 500, 1000 and 7100 mgL–1 of calcium hypochlorite, showed COD removal in the
range of 36-70% (Table 5). The final COD values were obtained as 80-173 mgL–1. In spite of lower
oxidation power of chlorine, the results show the higher efficiency of calcium hypochlorite in degradation
of organic materials within the sample. This might be due to the structure of the water pollutants. It was
found that calcium hypochlorite is cost-effective and easy to use for chemical oxidation of the produced
water. The drawback of this process is the residual chlorine in the water which should be eliminated for
further use of the water.
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Figure 1 indicates the kinetic studies of calcium hypochlorite oxidation at the concentrations of 500
and 7100 mgL–1. The results revealed that the reaction was completed within 30 minutes at
concentrations higher than 500 mgL–1.
Table 5. Chemical oxidation of produced water by calcium hypochlorite after four hours
Ca(OCl)2 Concentration (mgL-1)

COD (mgL-1)

0

270

300

173

500

139

1000

107

7100

81

Fig. 1. Kinetic of produced water oxidation by calcium hypochlorite at two concentration; 500 mgL-1 (Left); 7100 mgL-1 (Right)

In any case, 100% efficiency of the oxidants might not be achieved because the whole amount of
oxidant added in wastewater may not be available for the oxidation of organic matter [12]. Some amount
of oxidant might have been used for the oxidation of heavy metals (Cr, Cu, Fe, Zn) present in wastewater
[13].

Acknowledgements
This research was financially supported by Parsian Gas Refinery, Iran. Technical assistance of Mr.
Nasiri (process engineer of the refinery) and Mr. Balaghi (head of research department of the refinery) is
gratefully acknowledged.

S. Shokrollahzadeh et al. / Procedia Engineering 42 (2012) 942 – 947

References
[1] Ahmadun FR, Pendashteh A, Chuah Abdollah L, Biak DRA, Madani SZ, Zainal Abedin Z. Review of technologies for oil and
gas produced water treatment. J Hazard Mat 2009;170:350–551.
[2] Neff JM. Bioaccumulation in marine organisms: Effect of contaminants from oil well produced water, The Netherlands:
Elsevier; 2002.
[3] Otton JK. Environmental aspects of produced-water salt releases in onshore and coastal petroleum-producing areas of the
conterminous, http://www.worldcat.org/oclc/72671289, 2006.
[4] Stephenson MT. A survey of produced water studies. in: J.P. Ray, F.R. Engelhardt (Eds.), Produced water:
technological/environmental issues and solutions, New York: Plenum Publishing Corp; 1992.
[5] Elias-Samlalsingh N, Agard JBR. Application of toxicity identification evaluation procedures for characterizing produced water
using the tropical mysid, metamysidopsis insularis. Environ Toxicol Chem 2003; 23:1194–1203.
[6] Tellez GT, Nirmalakhandan N, Gardea-Torresdey JL. Performance evaluation of an activated sludge system for removing
petroleum hydrocarbons from oilfield produced water. Adv Environ Res 2002;6:455–470.
[7] Freire DDC, Cammarota MC, Sant’Anna GL. Biological treatment of oil field wastewater in a sequencing batch reactor. Environ
Technol 2001; 22:1125–1135.Gogate PR, Pandit AB. A review of imperative technologies for wastewater treatment I:oxidation
technologies at ambient conditions. Adv Environ Res 2004;8:501–551.
[8] Yang ZG, Zhang NS. Treatment of produced wastewater by flocculation settlement-Fenton oxidation–adsorption method. J
Xi’an Shiyou Univ Nat Sci Ed 2005;20:50–53.
[9] Munter R, Preis S, Kallas J, Trapido M, Veressinina Y. Advanced oxidation processes (AOPs)- a water treatment technology for
the twenty-first century. Kemia-Kemi 2001;28:354–362.
[10] Eaton AD, Clesceri LS, Greenberg AE eds. Standard methods for the examination of water and wastewater. USA:AWWA
WEF Pub; 1995.
[11] Gogate PR, Pandit AB. A review of imperative technologies for wastewater treatment I:oxidation technologies at ambient
conditions. Adv in Environ Res 2004;8:501–551.
[12] Sreeram KJ. Use of hydrogen peroxide for tannery wastewater treatment. J Sci Ind Res 1998;57:64–69.
[13] James MG. Recovery of chromate from electroplating sludge. Waste Manage Res 2000;18:380–385.

947

