 

Chemistry of BioSafe 5

What is BioSafe 5?

BioSafe 5 is a product that contains a number of chemical compounds.  These chemical compounds include sodium chlorite, sodium carbonate, sodium bicarbonate and other stabilising chemicals.  The main active ingredient of BioSafe 5 is sodium chlorite.  Both sodium carbonate and sodium bicarbonate are added to BioSafe 5 to stabilise the sodium chlorite (normally by maintaining an alkaline pH range and buffering).  Sodium chlorite (NaClO2) is a type of sodium salt and is a common precursor for the formation of chlorine dioxide.  A similar precursor is sodium chlorate (NaClO3) that is also used to produce chlorine dioxide.  

What are the differences and similarities between “chlorate” and “chlorite”?

Both sodium chlorite and sodium chlorate are used as precursors to manufacture chlorine dioxide.  Both chemicals consist of sodium, chlorine and oxygen atoms to form the compound.  The main difference in chemical composition is that sodium chlorate (NaClO3) contains an extra oxygen atom compared to sodium chlorite (NaClO2).  Both chemicals are considered oxidising agents and will assist in combustion of organic materials if involved in fire.  They are therefore both considered dangerous goods (oxidising agents) at high enough concentrations to assist in combustion.

Sodium chlorate has been predominately used by the pulp and paper industry while the water treating industry uses sodium chlorite more.  Both chemicals will form chlorine dioxide, however, they require different conditions for the reaction to occur.

Sodium chlorate forms chlorine dioxide by the reduction of the chlorate ion  (ClO3-) while sodium chlorite uses the oxidation of the chlorite ion (ClO2-).

1)  sodium chlorate


ClO3- + electron ( ClO2       
reduction

2)  sodium chlorite (BioSafe 5)

ClO2- (  ClO2 + electron

oxidation

What is oxidation and reduction?
Both oxidation and reduction reactions are considered as Redox reactions that involve the transfer of electrons (negative particles in atoms).  The species that loses electrons is said to have been oxidized and any species that gains electrons has been reduced.  The chemical species that causes oxidation to take place is called the oxidant (oxidising agent) and the species that causes reduction is called the reductant (reducing agent)

For example:   Table salt is sodium chloride NaCl

To form table salt the following reaction can occur;

Sodium and chlorine react to give table salt ions

2Na  +  Cl2  (  2Na+    +  2Cl-   (dissolved salt)

The 2 partial ionic equations (redox reactions ) are;

Na   (   Na+   +  electron (-ve)     oxidation reaction (loss of electron) with Na being the reductant 

Cl2  +  2 electrons (-ve)  (  2 Cl-    reduction reaction (gain of electrons) with Cl2 being the oxidant 

Note that the reductant is oxidised and the oxidant is reduced.

Both the oxidation and reduction process occur at the same time.

How does BioSafe 5 form Chlorine Dioxide?

As already mentioned, BioSafe 5 contains sodium chlorite (NaClO2) the precursor or active ingredient to form chlorine dioxide.  Sodium chlorite provides the chlorite ion (ClO2-) that is required to under take the reaction to form chlorine dioxide.

BioSafe 5 uses a process to form chlorine dioxide that is known by the following names;

· Acid-Chlorite

· Direct Acid System

· Acidification of sodium chlorite

This process or reaction requires hydrogen ions (H+) to react with the chlorite ions to form chlorine dioxide.  The hydrogen ions may be supplied by an appropriate acid.

At moderate acid pHs (5 to 6) the following reaction occurs;

5NaClO2  +  4H+    (    4ClO2 +  4Na+  +  Na+           Cl-  + 2H2O

That is 5 parts of sodium chlorite will form 4 parts chlorine dioxide

Under more aggressive pH conditions (4.5 or less) chlorite becomes chlorine dioxide on a more one to one basis using a variety of mechanisms  i.e.

1 NaClO2   +  H+  (  1 ClO2  (equation not balanced)

That is 1 part sodium chlorite will form 1 part chlorine dioxide (this is not 1kg of sodium chlorite giving you 1kg of chlorine dioxide).

This reaction due to its aggressiveness nature may form chlorine dioxide as a soluble gas in water.

It is believed that during the acidification of BioSafe 5 that a mixture of these reactions occurs.  It has been calculated that for every 1kg of sodium chlorite that 600g of chlorine dioxide is formed (i.e. Approx 60%) based on the mild pH reaction.   Note: this is not 1kg of BioSafe 5.

What effects the conversion of sodium chlorite(BioSafe 5) to chlorine dioxide?

There are a number of factors that effect the conversion of sodium chlorite to chlorine dioxide.  It is important to remember that equilibrium will occur between the reactants (sodium chlorite and hydrogen ion) and the products (chlorine dioxide).  For a chemical reaction to occur, the reactants must collide together with sufficient energy and at the appropriate orientation.  It is therefore possible for any chemical reaction to be reversed, even if the reverse reaction only proceeds to a small extent.  

All chemical reactions consist of two opposing processes, the forward reaction and the reverse reaction.  Eventually equilibrium between these two processes will be achieved.  When the rates of the forward reaction equals the rates of the reverse reaction, the concentrations of the various chemical species will no longer change and it is said that equilibrium for the whole system is achieved.  It is important to realise that the forward and reverse reactions do not cease at equilibrium.  The equilibrium is dynamic, and the reactions are still occurring.  

Due to equilibrium being dynamic it is affected by properties such as volume, pressure, pH, temperature  and concentrations.  Le Chatelier’s Principle  explains this as follows;

“If a system is at equilibrium and either the temperature, pressure or the concentrations of the species are changed, then the position of equilibrium will alter so as to partly compensate for the change.”

· Temperature:  The reaction of sodium chlorite with acid to form chlorine dioxide is an endothermic reaction.  Endothermic reactions are heat-absorbing reaction compared to exothermic reactions that are heat releasing.  To move the position of equilibrium further towards completion for an endothermic reaction, the temperature needs to be increased (however, bear in mind that once the chlorine dioxide is formed that too high a temperature may cause the chlorine dioxide to “gas off”).  Endothermic reactions are like cold-blooded animals, they require heat to get them moving.  Exothermic reactions are like warm-blooded animals, we give off heat, if we get too hot we slow down.

· Pressure:  Not really an issue with BioSafe 5 unless we are applying into a pressure vessel.  Increasing the pressure on a chemical system favours the reaction that produces the smaller number of mole of gas.

· Concentration:  This is probably the most important factor in the reaction of BioSafe 5 with acid.  If the concentration of one of the chemical species in the equilibrium system is increased (by the addition of more of the species) then the position of equilibrium will move so that the amount of the species is reduced.  In the case of BioSafe 5 we vary the amount of hydrogen ions we add by changing the supply of hydrogen ions (different acids).

For example;

1)
Sodium chlorite(BioSafe 5) is diluted down from 4000ppm to 100ppm with water.

Remember water contains hydrogen ions, however, the concentration of hydrogen ions is low.  As a result only a small amount of sodium chlorite is converted to chlorine dioxide before equilibrium is reached.


Diagram of system at equilibrium with BioSafe 5 at 100ppm

2) To push the reaction further to the right to form more chlorine dioxide, we add citric acid that contains hydrogen ions.  As a result the concentration of hydrogen ions increase.


3)
The system moves the reaction to the right to try and achieve equilibrium again.  As a result the concentration of chlorine dioxide increases.

idat 

The same applies if we start using the chlorine dioxide produced.  As the chlorine dioxide is used the concentration of chlorine dioxide in the system reduces.  As a result the equilibrium will move to the right to try and compensate for the loss of chlorine dioxide.

How do we measure hydrogen ion concentration?


The concentration of hydrogen ions H+, can be measured using the pH scale.  Acidic solution has a pH between –1 and 7 an alkaline solutions have a pH range between 7 and 14.  A pH reading of 7 indicates a neutral solution.

The pH scale is a logarithmic measurement of the concentration of hydrogen ions.

PH =  -log10 [H+]    where [H+] is the concentration of hydrogen ions


Water consists of both hydrogen ions H+ and hydroxide ions OH-.  At neutral pH the concentration of hydrogen ions is the same as the concentration of hydroxide ions.  In an aqueous solution the product of the hydrogen ion concentration and the hydroxide ion concentration will always equal 10-14 .  That is 

[H+]  *  [OH-]   =  10-14     at 25deg C
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