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Abstract
Biological treatment with a stable activated sludge process, followed by chemical treatment is one of the
potential and accepted cyanide treatment process for coke plant waste water treatment. Biologically
treated coke plant wastewater contains free cyanide above permissible limit. Presently chemical
treatment with NaOCl is being used to attenuate free cyanide below permissible limit in biologically
treated water. This process increases the TDS and colour content in discharge water. Ca(OCl)2 can be
used as an alternative to NaOCl for cyanide remediation in biologically treated coke plant waste water
without increasing TDS. In the present work, cyanide removal e�ciency of NaOCl and Ca(OCl)2 for real
coke plant waste water after biological treatment has been studied. Optimisation of chemical dosage,
treatment time and pH has been done for Ca(OCl)2 and NaOCl treatment. It was found that up to 90% of
free cyanide removal could be achieved through Ca(OCl)2 treatment without increasing the TDS value. In
addition, more than 50% colour of the waste water has been removed. pH elevation step required in
NaOCl treatment can be eliminated in Ca(OCl)2 treatment, thereby reducing caustic consumption. In
conclusion, use of Ca(OCl)2 is economically more viable than that of NaOCl in cyanide treatment.

Introduction
Integrated Steel Plant is a water intensive industry, where almost every process consumes a huge amount
of water. Waste water from steel industry operation transport various organic, inorganic pollutants and
toxic substances that have adverse effects on the environment (Park et al. 2008). Due to the toxic effects,
discharge of this polluted water without detoxi�cation cause severe damage to the environment. Coke
plant is one of the major contributors for generation of waste water in an integrated steel plant. Nearly 4
m3 of water is used to produce 1 ton of coke and the process generates a large volume of heavily
polluted wastewater (Pal and kumar 2014). Coke plant waste water is generated during quenching,
cleaning and recovery of valuable by-product of coke oven gas produced during carbonisation of coal in
the coke oven batteries. The waste water generated during these processes contains various organic and
inorganic toxic compounds like ammonia, thiocyanate, cyanides, sulphides, pyridine, phenols and other
poly aromatic hydrocarbons (PAH) (Mondal et al. 2021; Dhoble et al. 2019). Cyanide is the most toxic
chemical present in the coke plant discharge water among those pollutants (Ozyonar and Karagozogly
2015; Maranon et al. 2008). The wastewater from the coke plant and blast furnace blow down have been
identi�ed as the major contributors of aqueous cyanide emissions in the iron and steel industries (Saha
et al. 2018; Singha et al. 2018). Thus, steel industry is coming under increasing scrutiny of environmental
regulators to meet more stringent water discharge limits.

Metal-complexed cyanides are classi�ed according to the strength of the metal cyanide bond. Cyanide in
waste water are classi�ed into three types; a. free cyanide (CNF), which include CN- and HCN, b. weak-acid
dissociable (CNWAD) indicate weak cyanide complexes with metals such as copper, nickel, cadmium and
zinc, c. strong-acid dissociable (CNSAD) refer to strong cyanide-complexes with metals such as gold,
cobalt, iron and silver. Toxicity of these cyanides are in the order of CNF > CNWAD > CNSAD (Johnson
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2015). All cyanides are classi�ed as hazardous to the characteristics of acute and chronic toxicity
(Deveci et al. 2006). But the legislation of the Government for the cyanide discharge deals with only CNF

as it is the most toxic to living elements and sometimes is deadly in nature. The discharge limit of CNF to
the environment is up to 0.2 ppm (Mondal et al. 2019) as guided by Central Pollution Control Board.

Because of the environmental concerns and potential hazards due to the toxic effects, control and
remediation of cyanide containing industrial waste water is essential. There are several physical,
chemical, and biological treatment methodologies available for cyanide removal in coke plant
wastewater. But, all the processes have some limitations for implementation in the plant scale. Table 1
presents some of the commonly adopted cyanide treatment technologies and their limitations. It also
shows the fate of cyanide after the treatment and the reagents used in each process.
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Table 1
Cyanide treatment technologies and their limitations.

Treatment method Fate of cyanide Reagent/

Chemical

Limitations

Ozonation.

Chegini et al. 2020, Pueyo et al.
2016, Chang et al. 2008.

Oxidation to
CO3

2− and N2
with O3

O3 Costly process. Adds
ammonia to discharge
water

Photocatalytic oxidation. Biswas et
al. 2020, Chegini et al. 2020, Saravi
et al. 2015, Dash et al. 2009.

Oxidation to
CNO−

Nano
particle,
UV
source,
TiO2

Energy intensive and costly
process.

Biological
oxidation/biodegradation.

Das et al. 2020, Dwivedi et al. 2011,
Kumar et al.2011, Dash et al. 2009,
Woo et al. 2009, Kim et al. 2007.

Oxidation to
CO3

2−and NH4
+

and then
NO3

−using
microorganisms.

Na2CO3,
H3PO4

Treatment of high
concentrations create
problem. Cannot reach the
discharge standards of
cyanide.

Alkaline chlorination by
Hypochlorite/Perchlorate. Das et al.
2020, Khodadad et al. 2008, Dash
et al. 2009, Reed et al. 2013.

Oxidation to
CNO− and then N2

and CO3
2−.

Cl2,
NaOCl,

NaOH

Increase in TDS content.

Requires high caustic to
maintain pH

SO2/Air (INCO) process.

Dash et al. 2009, Kumar et al.2011.

Oxidation to
CNO− with SO2 &
air and soluble Cu
catalyst.

SO2, air,
Cu
catalyst

Partial removal of cyanide.

Process adds sulphate to
the treated water.

Hydrogen peroxide.

Singh et al. 2018, Pueyo et al.
2016, Dash et al. 2009

Oxidation to
CNO− with

H2O2 & Cu
catalyst: Degussa
process

H2O2 Reagent is costly, accurate
measurement of chemical
dose is required.

Caro’s acid. Cesar et al. 2013,
Pueyo et al. 2016, Dash et al. 2009,

Oxidation to
CNO− with H2SO5

H2SO5 Increase in TDS content.

Di�cult to handle due to
decomposition to

oxygen and sulfuric acid.

Iron cyanide precipitation. Arbabi et
al. 2015, Dash et al. 2009,

Precipitated as
Fe(CN)6

FeSO4 Works only with low
concentration of cyanide.
Maintaining pH and
disposal of precipitate is
di�cult.
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Treatment method Fate of cyanide Reagent/

Chemical

Limitations

AVR process.

Munive et al. 2015, Yilmaz et al.
2017, Dash et al. 2009

Acidi�cation to
HCN and
neutralisation.

H2SO4,
NaOH

High acid consumption.
Complex process.

Activated carbon.

Adhoum et al. 2002, Dash et al.
2009

Oxidation to
CNO−and partially
to CO3

2− and
NH4+

Activated
carbon,
air/O2,
Cu
catalyst

Expensive method.

Used only for low
concentration of CN

Catalytic oxidation.

Kumar et al. 2011, Dash et al. 2009,
Chiang et al. 2002. Larry et al.
1982.

Oxidation to CO2,
N2 & NH4

+with air
and catalyst.

Catalyst Restriction in treating very
low concentration. Costly
process.

Anodic oxidation.

Pillai et al. 2016, Dash et al. 2009

Oxidation to
CNO−and then
CO2 and N2

NaCl Partial removal of cyanide.

Reverse osmosis. Pal et al. 2014,
Dash et al. 2009, Gude 2012.

Uses a partially
permeable
membrane to
separate ions.

- Energy intensive and costly
process.

To overcome these limitations, different combined treatment methodologies are being used for the
remediation of cyanide in coke plant waste water. Combined treatment of biological, followed by
chemical treatment is one of the potential and accepted cyanide treatment process for coke plant waste
water (Pal and Kumar 2014).

Present process, uses the biological treatment through a stable activated sludge process followed by
chemical treatment with sodium hypochlorite. The treatment process is schematically represented in
Fig. 1.

After biological treatment, the discharge water contains high amount of CNF which is taken care of by
sodium hypochlorite (NaOCl) treatment. In this chemical treatment, oxidation transforms CNF to cyanate

(CNO−), which has an environmental hazard 1,000 times lower than cyanide (Mosher and Figueroa 1996).
But this popular treatment method has the major disadvantage of increasing TDS content in the
discharge water (Ghosh et al. 2020 and Das et al. 2019) and is also expensive due to the extraneous
dosing of sodium hydroxide (Tyagi et al. 2018). Moreover, biologically treated water gets more intense
dark brown color than the untreated water due to the presence of degraded phenolic compounds
(Mijangos et al. 2006). This acute colour could not be taken care by NaOCl treatment. Calcium
hypochlorite [Ca(OCl)2] can be used as an alternative chemical for reduction of cyanide in biologically
treated coke plant wastewater (BTCPW), which decrease TDS and colour along with CNF content.
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Ca(OCl)2 is more stable and potentially more e�cient for cyanide removal as compared to the NaOCl due
to having higher available chlorine (Hasab et al. 2013). Powdered Ca(OCl)2 has the highest oxidation
power among other chemicals used for chlorination (Parekh and Ban 2018). Moreover, removal of
cyanide through Ca(OCl)2 treatment is more effective considering the dosage and cost (Sinbuathong et
al. 2000). However, very few studies have been reported on the application of this method to biologically
treated coke plant e�uent.

Present research aims to develop a continuous, effective and economical process with the use of
Ca(OCl)2 in cyanide treatment process of BTCPW. Comparative study of cyanide removal e�ciency in
BTCPW has been carried out with Ca(OCl)2 and NaOCl. TDS and colour of the treated solution were also
compared in both the treatments. In addition to this, optimisation of Ca(OCl)2 treatment process by
changing chemical dosage, treatment time and pH of the treatment solution has been carried out. Lab
scale trial of Ca(OCl)2 treatment in BTCPW was also performed in optimum conditions and the results are
presented.

Materials & Methods
Collection of water samples

For the present study, water samples were collected from Biological Oxygen Treatment (BOT) plant of the
coke plant in an integrated steel plant situated in the eastern part of India. This plant produces
approximately 9 MT of coke per day and about 200 m3 of waste water is generated daily by the process
of coke making. 

Characterisation of coke plant wastewater

The water samples collected from coke plant after biological treatment has the characteristics as shown
in Table 2.

Table 2: General characteristics of Coke plant waste water after biological treatment
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Parameter Coke plant waste water after biological treatment

pH 7.5-8.5

TDS, ppm 2450-3350

Colour, (PtCo) 2550-2950

BOD, ppm 50-110

COD, ppm 220-550

Thiocyanate, ppm 10-30

Free cyanide, ppm 1.5-4.5

Ammonia, ppm 30-100

TKN, ppm 150-350

Experimental Set up and Procedure

The experiment for optimisation study has been carried out in 1L biologically treated water from coke
plant in a glass beaker. Water samples were taken in a beaker and the pH was adjusted with sodium
hydroxide and dilute hydrochloric acid.  For lab scale trial, 5 L of BTCPW was taken and treated with
Ca(OCl)2 at its optimised condition. After maintaining the pH, 4% Ca(OCl)2 was added drop wise from the
burette. The samples were kept in continuous stirring condition up to the end of the treatment. Cyanide
content has been tested at every 10-min time interval after �ltration through Whatman 1 paper. Each
experiment was performed in duplicate and the average of the results have been reported. All parameters
including CNF were tested in triplicate throughout the study and average value has been reported.

Analysis of pH

pH of the water samples was measured using the pH meter (Systronics, India, digital pH meter, model no:
335). 

Analysis of TDS

TDS is a measure of the combined content of all inorganic and organic substances contained in a liquid
in molecular, ionized or micro-granular suspended form (Hussain, 2019). During the study, TDS of the
water samples has been measured by using TDS meter (Systronics, India, model no: 308).

Determination of free cyanide concentration by ion selective method

Free cyanide has been determined by �ltering water sample through Whatman No. 1 �lter paper and
taking 10 mL of the �ltered water for analysis. It was analysed potentiometrically using ion selective
cyanide electrode (Thermo Scienti�c) according to the procedure given by manufacturer. Many tests can
be done at a time through this method, due to the low analysis time (about 5 min).
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Determination of ammonia concentration using ion selective electrode

Ammonia has been measured potentiometrically with ammonia ion selective electrode (Thermo
Scienti�c) according to the procedure given by manufacturer.

Determination of thiocyanate concentration spectrophotometrically

Thiocyanate concentration in ppm was measured using spectrophotometer (Thermo Scienti�c, Genesys
10S UV-VIS spectrophotometer). The wavelength used was 460 nm. This was performed after a blood red
colour was developed by using ferric nitrate [Fe(NO3)3. 9H20 solution according to the standard
procedure (APHA 2017).

Measurement of colour

Coke plant water gets more intense brown colour after biological treatment due to the presence of
aromatic coloured compounds such as ortho- and para-benzoquinone, which form through the
degradation of phenol (Mijangos et al. 2006). The color of the wastewater was measured by the color
measuring instrument (Make: Lovibond) and expressed in PtCo unit. 

Results And Discussion
Ca(OCl)2 and NaOCl react to form hypochlorite and hydroxide ion when added to water 

NaOCl + H2O → OCl- + OH-  + Na+                                                                                          (1)

Ca(ClO)2 + 2 H2O → 2 OCl- + 2 OH- + Ca+2                                                                               (2)

Hypochlorite ion (OCl-) oxidises CN- in BTCPW to cyanogen chloride (CNCl). More the addition of
Ca(OCl)2, the greater the cyanide reacts to form CNCl, therefore the CNF content in the liquid waste is
reduced. Further CNCl is oxidized into CNO and �nally into CO2 and N2 (Johnson 2015). 

The oxidation reaction of cyanide and hypochlorite can be shown as follows

CN- + HOCl → CNCl + OH-                                                                                           (3)

CNCl + OH → CNO- + Cl + H2O                                                                                  (4)

CNO- + OCl- + H2O → N2 + Cl- + HCO3                                                                       (5)

In the present study, cyanide treatment by 4% NaOCl and 4% Ca(OCl)2 solution was carried out in one litre
BTCPW for 120 minutes. The residual CNF content was checked in every 10 minutes by ion selective
electrode. No signi�cant changes were observed in CNF concentration at the beginning of the treatment.
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But, signi�cant decrease in CNF started after 20 minutes of NaOCl treatment and 30 minutes of Ca(OCl)2

treatment Fig. 2. 

Up to 80 % of CNF was removed in 50 minutes of NaOCl treatment. Whereas Ca(OCl)2 treatment took 60
minutes for the removal of 80% of CNF. This result is in line with that reported by Muntasir et al. 2016. In
addition to CNF, signi�cant changes were observed in TDS and colour (Fig. 3) of the treated water. It was
found that TDS content was increased in NaOCl treatment and decreased in the case of Ca(OCl)2

treatment. Similar trend has been observed in case of colour, where more than 55% colour was removed
in Ca(OCl)2 treatment against the increase in colour for NaOCl treatment. This is in accordance with the
research work reported by Khandaker et al. 2020 and Massoudinejad et al. (2015).

The colour removal and TDS decrease along with the CNF reduction shows scope of enhancement
in Ca(OCl)2 treatment e�ciency by optimising treatment parameters like pH, treatment time and dosing
rate, to get maximum e�ciency compared to NaOCl treatment of BTCPW. 

Optimisation study

Optimum condition of pH

For optimisation study, BTCPW containing CNF 4.08 ppm, TDS 2970 ppm and colour 2780 PtCo was
considered. Treatment of Ca(OCl)2 and NaOCl were carried out in 1 L of BOT water at a constant
treatment time of 60 minute. The experiment was done for three different dosing rates (20ml, 30ml and
50 ml) with 4% of NaOCl and 4% Ca(OCl)2 solutions. pH of the solution was varied from 7.5 to 12. Colour
and TDS of the solution at different pH were also checked before and after the treatment along with CNF.
                            

It has been found that cyanide removal e�ciency of Ca(OCl)2 increases with pH and reaches the
maximum at pH 8.5. Further increase in pH has not shown any increase in removal e�ciency of CNF with
50ml, 30ml and 20 ml of Ca(OCl)2 solution as shown in Fig. 4a. However, for NaOCl, maximum CNF

removal was achieved at pH 10.5 as shown in Fig. 4b.

Maintaining proper pH allows calcium hypochlorite to react perfectly with CNF in wastewater (Cidu et al.
2011 and Muntasir et al. 2016). At optimum pH decrease in the levels of CNF ismaximum. This is in line
with the research work reported by Lee and Tiwary (2009).  Optimum pH for NaOCl and Ca(OCl)2

treatment in BTCPW has been found as 10.5 and 8.5 respectively through this experiment. As the pH of
the BTCPW lies around 7.5 to 8.5, elevation of solution pH up to 10.5 is required in NaOCl treatment to get
maximum e�ciency. Whereas Ca(OCl)2 treatment does not require such elevation of pH. 

It was also found that during Ca(OCl)2 treatment, colour and TDS content of the treated water were in
lower range at pH 8.5 as shown in Fig. 5a and Fig. 5b. For NaOCl treatment colour (Fig. 5a) and TDS (Fig.
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5b) content of the treated water varies throughout the pH range. This has again con�rmed the optimum
pH of Ca(OCl)2 treatment at 8.5. 

Optimum condition of dosage and time

    Considering the oxidation reaction of CN- by chlorine compound, during which CN- has been changed to
CNO-, hypochlorite ion (OCl-) is the active chlorine group in the oxidation process. This reaction can be
slow, from 30 minutes to 2 hours. The Ca(OCl)2 has 2 groups of OCl-, hence more effective in oxidation
than NaOCl. The optimum condition is achieved by the equilibrium between the volume of Ca(OCl)2

solution added and the cyanide content in the waste water (Teixeira et al. 2013). 

   To attain the best condition for maximum treatment e�ciency with removal of CNF to its MPL and
simultaneous removal of colour from BTCPW, different experiments were carried with NaOCl and
Ca(OCl)2 solutions. Condition was assumed to be optimum when the residual CNF concentration of the
solution reached its MPL (0.2ppm) with minimum time and minimum doses of the hypochlorite solution.

Treatment of NaOCl and Ca(OCl)2 was done at their optimum pH (10.5 and 8.5 respectively) for 60-
minute reaction time to �nd out the dosage at which both methods are at their maximum e�ciency level.
The results are as shown in Fig. 6. 

From the above experiment, it was found that cyanide removal e�ciency increases as the volume
of NaOCl and Ca(OCl)2 solution is increased. The removal rate was faster up to addition of 30 ml of
hypochlorite solution and then gets slower. No signi�cant changes were observed after the addition of 40
ml of the solution. This may be due to the faster reaction of CNF with OCl-  to form CNCl and thereby

reducing the CN- at higher concentration of OCl- in the initial stage of the treatment. The reaction gets
slower as the concentration of hypochlorite ion is decreased for both (NaOCl and Ca(OCl)2) treatment
(Teixeira et al. 2013).

From the above treatment, it was clear that the maximum removal e�ciency of CNF lies in between 30
and 40 ml of the NaOCl or Ca(OCl)2 solution. To �nd out the exact dose and more precise condition,
experiment has been carried out at 2 minutes interval with �ve different volume of doses between 20 ml
and 40 ml (20ml, 25ml, 30ml, 35ml and 40 ml). pH was kept constant at 10.5 and 8.5 respectively for
NaOCl and Ca(OCl)2.

Result shows that, addition of 35 ml of Ca(OCl)2 up to 62 minutes treatment reduces the residual CNF

concentration to 0.2 ppm as shown in Fig. 7a. Which is the optimum condition for Ca(OCl)2 treatment of
BTCPW. Whereas, optimum condition for NaOCl reached at 58 minutes of treatment time and 35ml of
NaOCl addition as in Fig. 7b.

Lab scale trial                                         
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After the completion of the optimisation study, 5 litre BTCPW water was treated with 4% Ca(OCl)2 solution
at its optimum dose of (35 ml or 1.4 gm per litre) and treatment time (62 min). Physico chemical
parameters like pH, TDS, thiocyanate, ammonia and colour have been analysed along with CNF (Table 3),
to know the changes in water characteristics before and after the treatment.

Table 3: Characteristics of BOT wastewater before and after Ca(OCl)2 treatment 

Parameters Before Treatment         Mean ± SE*  After Treatment                    Mean ± SE

pH 8.26 ± 0.03 8.25 ± 0.03

TDS, ppm 2812 ± 15.4 2345 ± 11.8

Free cyanide, ppm 2.75 ± 0.04 0.22 ± 0.01

Thiocyanate, ppm 12.6 ± 0.08 3.34 ± 0.02

Ammonia, ppm 66 ± 1.3 56 ± 1.3

Colour, (PtCo) 2610 ± 3.0 1240 ± 3.4

*SE: In the table SE stands for standard error.

In the table, data represents mean ±SE (Standard error) of n = 5.

The results presented in Table 3 show 92% CNF removal by calcium hypochlorite with removal of more
than 50% of colour and no increase in TDS content. In addition to this, no negative impact was observed
in other important parameter like thiocyanate and ammonia content.

Economic aspect of Ca(OCl)2 use over NaOCl

From the economic aspect of cyanide remediation from coke plant waste water, the cost can be
calculated for optimum dose of the two treatment processes. Using the price of 1 gm NaOCl (Rs 0.55)
and 1 gm Ca(OCl)2 (Rs 0.27), the cost of cyanide removal for one litre of waste water can be computed as
Rs 0.77 and Rs 0.38 for NaOCl and Ca(OCl)2 respectively. In addition to this, cost of pH elevation step is
required in NaOCl treatment where as it is not required in Ca(OCl)2 treatment. Therefore, use of Ca(OCl)2

of cyanide removal from coke plant waste water is economically more viable than that of NaOCl. 

Conclusion
The removal of cyanide from steel industrial wastewater using either NaOCl or Ca(OCl)2 can be achieved.
The optimum condition for cyanide remediation in BTCPW with NaOCl or Ca(OCl)2 treatment has been
reported. Ca(OCl)2 could be more effective than NaOCl considering the cost, TDS and colour removal
from the coke plant wastewater. There is no requirement of pH adjustment in case of Ca(OCl)2 treatment
as the optimum condition is close to the original pH of the feed water, thereby reducing expensive caustic
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consumption. The experiment showed that more than 90% removal of CNF could be achieved along with
more than 50% reduction of colour by optimising calcium hypochlorite treatment. Therefore, Ca(OCl)2 can
be one of the promising chemical treatment method for reduction of cyanide treatment without
increasing the TDS value of the Coke plant water after biological treatment.
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Figure 1

Schematic diagram of coke plant e�uent treatment through biological process

Figure 2

Removal of cyanide by NaOCl and Ca(OCl)2
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Figure 3

Removal of colour and TDS by NaOCl and Ca(OCl)
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Figure 4

a Effect of pH on cyanide removal by using different concentration of Ca(OCl)2 b Effect of pH on cyanide
removal by using different concentration of NaOCl
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Figure 5

a Changes of colour at different pH during NaOCl and Ca(OCl)2 treatment b Changes of TDS at different
pH during NaOCl and Ca(OCl)2 treatment
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Figure 6

Cyanide removal e�ciency by different volume of NaOCl and Ca(OCl)2 at optimum pH

Figure 7

a Optimum condition for Ca(OCl)2 treatment b Optimum condition for NaOCl treatment


