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Abstract: This work to produce a quantity of sodium hypochlorite from a sodium chloride solution by means of electrolysis by making use 

of the Red Sea water. The method used to design industrial units was followed, which includes: material and energy balances calculations 

for each unit,. To ensure that this project is economically viable, we conducted an integrated economic cost study to find the total 
investment costs, profitability . 
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1- Introduction 
Various forms of chlorine are commonly used in drinking 

water and reuse applications for their ability to disinfect 

and maintain a residual level of disinfectant throughout 

the distribution system. On-site generated hypochlorite, a 

water treatment disinfectant since the 1970s, initially was 

not widely embraced by the water industry because of 

intensive maintenance requirements and higher operating 

costs when compared with chlorine gas. Recent advances 

in OSG ( On-site generated ) technology and increased 

concerns regarding the security and safety risks associated 

with chlorine gas have resulted in on-site generation of 

sodium hypochlorite becoming a more attractive and cost-

effective option. 
[1]  

 

2- Definition of Sodium hypochlorite: 

Is a chemical compound with the formula NaOCl or 

NaClO, comprising a sodium cation (Na+) and a 

hypochlorite anion (OCl−or ClO−) and of his names 

Antiformin, Bleach, Chloride of soda, In dilution: Carrel-

Dakin solution, Modified Dakin's solution, Surgical 

chlorinated soda solution It can be crystallized as a 

pentahydrate NaOCl·5H2O, a pale greenish-yellow solid 

which is not explosive and is stable if kept refrigerated, a 

household chemical widely used (since the 18th century) 

as a disinfectant or a bleaching agent. sodium hypochlorite 

is the oldest and still most important chlorine-based 

bleach. [2]
 

 

 

 

 

 

 

 

 

 

 

3- Properties of Sodium hypochlorite: - 

 

3-1 Physical Properties: - 

 

Table (1) Physical Properties of Sodium hypochlorite 
]2, 3[  

 

Appearance Clear straw-yellow to greenish liquid 

Odor Chlorine 

Odor threshold Not Measured 

pH 11.5 + 0.3 

Melting point / freezing 

point 
-150F 

Initial boiling point and 

boiling range 
>212F 

Molar mass 74.442 g/mole 

Flash Point Not Measured 

Evaporation rate (Ether = 

1) 
Not Measured 

 

4- Uses of Sodium hypochlorite: 
[2]

 

1. Bleaching: 

2. Cleaning: 

3. Disinfection: 

4. Deodorizing: 

5. Waste water treatment: 

6. Endodontics: 

7. Nerve agent neutralization: 

8. Reduction of skin damage 
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5- Process description:  
 

 

Figure (1) Process description flow sheet 

6-Production of Sodium hypochlorite:  
 

6-1 Electrochemical Method: 

We start with a solution obtained by dissolving NaCl, until 

obtaining concentrated brine. The solution is then 

electrolyzed in an ‘undivided’cell, forming an alkaline 

solution of NaOCl. At the same time, gaseous hydrogen is 

formed. For use in food and medical disinfection, 

electrolytic hypochlorite is preferred, inasmuch as it is 

appreciably purer and more stable than the other chemical. 

 

 
Fig (2) Electrolysis cell

 ]4 

Percentage of dissolved salts in sea water: 

 

Table (2) Percentage of dissolved salts in sea water
 [4]

 

 
Dissolved salt Concentration 

Sodium chloride        NaCl 78.82 

Magnesium chloride  MgCl2 9.21 

Magnesium sulfate   MgSO4 6.53 

Calcium sulfate         CaSO4 4.48 

Potassium chloride     kCl 2.11 

Calcium carbonate      CaCO3 8.33 

Magnesium bromide    Mgbr2 8.25 

 

7-Material balance 

The equation of the general balance of any system can 

be written as follows: 
- In case of instability and presence of chemical 

reaction: 

 

Quantity of materials entering the system + Quantity of 

materials produced inside the system - Quantity of 

materials coming out of the system - Quantity of materials 

consumed inside the system = Quantity of materials 

accumulated inside the system. 

 

7-1 Material balance around Sea water tank: - 

Suppose it was taken 18888 kg/hr from sea water 

stream (1) = 10000 Kg/hr 

 
Fig. (3) Material balance around Sea water tank 

 

In = out 

Stream (1) = stream (2) ………. (1) 

Stream (2) = 10000 kg/hr 

 

7-2 Material balance around sand filter: - 

Fig. (4) Material balance around sand filter 

Stream (2) =stream (3) + stream (4) ………… (2) 

Stream (3) = 5% stream (2) …………………. (3) 

Stream (3) = 5% * 10000 =500 kg/hr 

Stream (4) = 95% stream (2) 

Stream (4) = 95% *10000 = 9500 kg/hr 

 

7-3 Material balance around Cartridge filter: - 

Fig. (5) Material balance around Cartridge filter 

Stream (4) = stream (5) + stream (6) ……… (4) 

Stream (5) = 1% stream (4) …………………. (5) 

Stream (5) = 1% * 9500 = 95 kg/hr 

Stream (6) = 99% stream (4) 

Stream (6) = 99% *9500 =9405 kg/hr 
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      7-4 Material balance around Settler tank: - 

 
Fig. (6) Material balance around Settler tank 

 

Stream (6) = stream (7) + stream (8) ……… (6) 

Stream (7) = 0.0015% stream (6) …………… (7) 

Stream (7) = 0.0015% * 9405 = 0.141075 kg/hr 

Stream (8) = 99.998% stream (6) 

Stream (8) = 99.998% * 9405 = 9404.8119 kg/hr 

 

Calculating the amount of sediment: 

 

 

 

amount of sediment =231.74 + 529.89 +240.7 + 0.141075 

=1002.471075 kg/hr 

 

 

7-5 Material balance around Resinous filter: - 

 

Fig. (7) Material balance around Resinous filter 

 

Stream (8) = stream (9) + stream (10) ……... (8)  

Stream (9) = 0.001% stream (8) ……………. (9) 

Stream (9) = 0.001% * 9404.8119 = 940.04 kg/hr 

Stream (10) = 0.999% stream (8) ………... (10) 

Stream (10) = 0.999% * 9404.8119 = 9395.4 kg/hr 

 

6-6 Material balance around Pure brine tank: - 

 

Fig. (8) Material balance around Pure brine tank 

 

Stream (10) = Stream (11) ………………... (11) 

Stream (11) = 9395.4 kg/hr 

 

7-7 Material balance around mixer: - 

 

Fig. (9) Material balance around mixer 

 

Stream (11) + stream (14) = stream (15) ……. (12) 

Partial balance for Nacl  

Stream (11) * 0.78  + 0 = 0.4 * stream (15) ….(13) 

9395.4 * 0.78 = 0.4 * = stream (15) 

stream (15) = 18321.03 kg/hr 

stream (14) = 8925.63 kg/hr 

 

7-8 Material balance around chiller: - 

 

Fig. (10) Material balance around chiller 

 

Stream (13) = stream (14) …………… (14) 

Stream (13) = 8925.63 kg/hr 
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7-9 Material balance around cell: - 

                                                         

 

Fig. (11) Material balance around cell 

 

NaCl   = 7328.41 Kg/hr 

Calculate NaOCl: - 

 

Calculate H2O: - 

 

Calculate H2: - 

 

In put    =    out put 

7328.41 +2254.89 = 9332.76 + 250.54 

         9583.3       =    9583.3 

8- Energy balance 

The energy balance equation depends on the principle of 

energy conservation, and through it the energy 

consumption can be calculated, which includes the energy 

needed to pump some materials from one place to another, 

or the temperature needed to heat materials, cool them, 

transfer them from one phase to another, or separate them 

in thermal processes. 

 

General Law for Energy Balance: 

Inner energy + generated energy - consumed energy - 

external energy = accumulation 

In the case of stability, the accumulation = zero 

 

 

Table (3) heat enthalpy & heat capacity for material
[5] 

 

Material    

Physical                 

Properties 

CP J/g*k       

at 298k 

 Ĥ 

Kj/mole 

at 298k 

 Ĥ Kj/mole )

CP* T) 

at 20c = 293k 

 Ĥ Kj/mole 

(CP*T) 

at 50c = 323k 

R-22 0.96 232 ــــــــ ـــــــ 

H2O 4.18 ـــــــ 1224.74 ــــــــ 

Nacl 8.853 ـــــــ 249.92 ــــــــ 

Naocl 3.5 1130.5 ـــــــــ ـــــــ 

H2 14.31 4622.13 ـــــــــ ـــــــ 

 

8-1 Energy balance of chiller: - 

 

Fig. (12) Energy balance of chiller 

 

Q1 = M*CP* ΔT ………………. (15) 

Q1 = 2254.89 * 4.18 *(313-293) = 188508.804 KJ/hr  

 Q1 =Q2 ………………………………………. (16) 

Q2=MS*ʎ+MS*CP* ΔT……………………... (17) 

MS = Q2/ ʎ+ CP * ΔT ……………..………… (18) 

MS =Q1/ ʎ+ CP * ΔT ………………………... (19) 

MS = 188508.804 / 232 +0.96 *(301-288)  

MS = 771.06 Kg/hr  

Where: 

Q = amount of heat kj/hr  

MS = gas flow rate kg/hr 

ʎ = heat enthalpy kj/mole 

 

8-2 Energy balance of cell: - 

 

Fig. (13) Energy balance of cell 

 

Q = ξ * ΔĤ + (out) Σ ni *Ĥ – (in) Σni *Ĥ …… (20) 

Q= amount of heat kj/hr 

ΔĤ = heat formation of Naocl kj/ kg 

 ni = number of mole 

Ĥ = heat enthalpy kj/mole  
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      ΔĤ = -347 kj/mole * 126.11 mole /hr  

ΔĤ = -43760.17kj/hr 

Mole of NaOCL = 9332.76/74 =126.11 mole /hr  

Mole of H2   =    250.54/2   = 125.27 mole /hr 

Mole of NaCL     = 7328.41/58 = 125.2 mole /hr 

Mole of H2O      = 2254.89 / 18 = 125.27 mole / hr 

Q = -43760.17 + ((126.11*1130.5) +(125.27 *4622.13)) -

((125.2 *249.92) +(125.27 *1224.74)) 

Q = 493129.54 Kj/hr = 136.9 kw 

 

9. Conclusions:  
The flow rate of sodium hypochlorite from 1000 Kg/hr of 

red sea water is   9332 .76 . And also the energy dissipated 

from the process is 493129.54Kj/hr.   
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