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   The process control factors of the liquid – phase catalytic oxidation of the industrial chlorinated paraffins by air have already 
been identified: the catalyst concentration and the hydrocarbon chlorination degree. The developed mathematical model, with the adequacy 
dispersion value 3,6%, is allowed to be controlled by the acid number value (e.g. the products number, having contained the carboxyl group) 
at the chlorinated paraffins oxidation by air in the presence of the manganese salts. The stearate – anion presence, having comprised the 
manganese catalyst, can be achieved a higher acids content in the oxidation products of the CHP – 30 chloroparaffin, in comparison with the 
catalyst, having contained only the acetate – anion.   

   The liquid industrial chloroparaffins are usually used, as the second plasticizers in combination with the 

primary ones, for example, the phthalate plasticizers, because of their limited plasticizing capacity and the 

compatibility with the polymers. The chlorinated paraffins are usually given the polymers products a number of the 

valuable properties, such as the increased fire resistance, the cold resistance, the mechanical strength, the resistance 

to the hydrocarbons, the fats and the oils action. In addition, the chloroparaffins are quite non – toxic (e.g. the 

hazard class 4) [1], in contrast to the phthalate plasticizers (e.g. the hazard class 2) [2], are usually distinguished by 

their low cost and the raw materials availability for their further production.                          

   It has been found by us [3], that in composed of the final products of the chlorinated paraffins liquid – 

phase oxidation by oxygen, the higher chlorinated carboxylic acids (HCCA) are produced. The HCCA solutions in 

the chloroparaffin are the new promising raw material for the plasticizing [4] and the stabilizing compositions [5] 

creation.   

   The higher thermal paraffins oxidation challenge, more individual long chain paraffinic hydrocarbons 

(e.g. the decane, the hexadecane and etc.) by oxygen or by air has been dealt in a number of several papers. The 

conversion scheme and the products composition content of the paraffinic hydrocarbons oxidation have been 

investigated in detail, and moreover, the mathematical dependences and their relationships, having allowed to be 

controlled over the whole process, have already been developed thoroughly. So, it, moreover, has been shown, that 

the acids are the final products, and, in some studies, the complex esters are also referred, as the oxidation end 

products [6 – 19].             

    The higher chlorinated hydrocarbons oxidation has already been described very little [20 – 22]. 

Probably, the chlorinated hydrocarbons oxidation is practically subjected to the basic laws and their regulations of 

the chain – radical hydrocarbons oxidation process by the molecular oxidation, however, the chlorine presence in 

the molecule is conditioned and determined the conversions peculiarities characteristics of the chlorinated long – 

chain hydrocarbons.  

       It should be noted, that the chlorinated hydrocarbons are practically more resistant to the oxidation, 

than their non – chlorinated analogues. In particular, the industrial chloroparaffins, having presented themselves the 

long – chain chlorinated hydrocarbons mixture with the chlorine atom different number and its position in the 

molecule, are not practically subjected to the thermal oxidation.      

     Thus, it is well – known, that the metal compounds of the variable valence are the hydrocarbons 

oxidation catalysts [23]. So, by analogy with the paraffins oxidation process, in order to be obtained the synthetic 

fatty acids [6], for the chloroparaffins oxidation, the manganese and the potassium salts had already been 

investigated, as the catalyst, which was enabled us to be carried out the chloroparaffins oxidation [3] by air.  
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  So, the chloroparaffins are practically received, and they are prepared by the paraffins chlorination 

without the chlorinated organic products obtained separation, that is why they are the complex multi – component 

mixtures of the non – permanent content. This, first of all, is made it quite difficult to be studied the kinetics and 

also the mechanism of the chlorinated paraffins oxidation process.               

                For the management of the chlorinated paraffins oxidation process in this work, we have already 

developed the mathematical dependencies and their relationships, having allowed to be carried out the chlorinated 

paraffins oxidation by air in the presence of the manganese salts up to the certain value of the acid number.    

  The liquid industrial chloroparaffins are being produced by the following brands: CHP-250, CHP-30, 

CHP-470, CHP-52, which are differed in the combined chlorine content. One fraction of the oil paraffin is 

practically used with the chain length С14-С17 for the chlorinated paraffins production of these above – indicated 

brands. In this connection, the chain length of the hydrocarbon radical in the modeling process cannot be 

considered, as the experiment factor.      

The Table No.1. The Physical Properties of the Liquid Industrial Chlorinated Paraffins [1] 

  

The Properties 

The Liquid Chloroparaffins  

СHР-250 
CHP-30 

brand А 

CHP-30 

brand В 
CHP-470 CHP-52 

1 2 3 4 5 6 

The mass fraction of the fixed chlorine, % 24-29 28-32 28-32 45-49 50-54 

The mass fraction of the acids in terms of НСl, %, 

 no more 
0,004 0,004 0,004 0,005 0,005 

The density at 25ºС, g/cm3 within - 0,98-1,02 0,98-1,02 - 1,25-1,26 

The density at 20ºС, kg/m3 within 960-1020 - - 1185-1235 - 

The thermo stability based on the cleaved HCl, %,  

no more 
- 0,20 0,20 0,20 0,15 

The viscosity, P at 25 ºС, within - - - - 10-16 

The mass fraction of the iron ions, %, no more 0,002 0,004 0,004 0,004 0,006 

The color by the iodine scale, mg J2/100 cm3, no more - - - 4 - 

The color by the optical density, no more - - 0,35 - 0,60 

  

The Experimental Part  

   The CHP-250, CHP-30, CHP-470, CHP-52 brands chloroparaffins have been used, as the substrate (see 

the Table No. 1).   

   The catalyst is presented itself the potassium, water, the acetic acid and the stearic acid permanganate 

mixture. So, the manganese salts of the corresponding acids are usually being formed directly in the reaction 

mixture during the chlorinated paraffins oxidation.     

   Thus, the oxidation has been conducted in the glass reactor of the bubbling type values column height to 

the diameter 10:1, the 200 ml volume. The air has been fed through the sparger (e.g. the air flow rate 6 l/(min·kg)), 

it has been experimentally established, that, under these conditions, the oxidation is being proceeded in the kinetic 

region, and diffusion inhibition can be neglected. The temperature has been maintained the first 2 hours at 120 0С 
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for the catalyst complex formation, then the oxidation process has been carried out at 107-1080
С. The reactor 

temperature control has been conducted by the heat – carrier (e.g. glycerol) circulation through the reactor jacket.           

    The oxidation process passing control has been carried out on the acids content (e.g. the acid number 

change (e.g. AN, mg КОН/ g) over the time, having allowed to be determined the carboxyl groups concentration in 

the oxidation products). The IR-, NMR-spectroscopy, chromatography mass – spectroscopy have already been used 

for the further additional oxidation products identification.  

The Results’ Discussion  

The experiments’ results on the chlorinated paraffins oxidation, having selected grades, are shown in 

Figure 1:    

  

 The Figure 1. The chlorinated paraffins oxidation of the different brands under the same conditions   

 (The air flow rate 6 l/(min·kg). The catalyst content is 8% (wt.). The temperature is 107 – 108°С).    

 1-   ■ – СHP-250, 2- ▲ – CHP-30, 3-♦- CHP-470, 4- х– CHP-52.    

   It has been found, that the chloroparaffins with the chlorination varying degrees (e.g. CHP-250, CHP-30, 

CHP-470, CHP-52) are being given the acid number various values, under the same conditions of the oxidation 

process (e.g. the time of 20 hours, the temperature of 107-1080С, the air flow rate 6 l/( min·kg)).      

   The special experiments have been conducted in the chlorinated paraffins oxidation in the presence of the 

manganese acetate and the stearate (e.g. catalyst) mixture, for the accumulation rate dependence investigation of 

the acid number (AN) of the catalyst concentration.  

   It has been found in the univariate experiment for the CHP-30 brand chloroparaffin, that the 

concentration changing of the catalyst from 4 up to 8% (e.g. by its weight) is practically resulted in the high rate of 

the acid number (AN) accumulation.     

   Thus, it has been found, that the catalyst concentration and the hydrocarbon chlorination degree may be 

the control parameters for the chlorinated paraffins oxidation process.     

   So, in this connection, it was interesting to be established the mathematical dependence and its 

relationship, having resulted in the acid number (AN) of the initial parameters: the raw materials chlorination (nCl) 

and the catalyst concentration (CKt) degrees:       

 

                So, the accumulation average rate of the acid number (rav) has been calculated by the experimental curves 

AN = f(τ), which may be regarded, as the average velocity of the reaction. 
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               The statistical analysis of the reaction rate dependence from the process parameters has been used for the 

mathematical data processing — the paraffin chlorination and the catalyst concentration degrees. It, moreover, has 

been found, that all the experimental data (e.g. in the selected range of the catalyst concentrations and the paraffin 

chlorination degree) are being described by the linear mathematical dependence and its relationship for the 

following values of the equation coefficients:   

 

 

where AN – the acid number; 

К1 –  the average initial acid number of the reaction mass, which is equal to 3,941;  

К2 – the constant, which is equal to 2,092;  

rav –  the average accumulation rate of the acid number (AN);  

CKt – the catalyst concentration (e.g. % weight).   

                The mathematic expression view in the implicit form of the rate rav dependence of the catalyst 

concentration and the paraffin chlorination degree have already been established with the regression analysis using, 

which has been shown, that the rate reaction is described by the linear dependence and its relationship with the 

satisfactory precision (e.g. the average standard square deviation is made up ∼ 1%) (Figure 2).            

  

The Figure 2. The acid number (AN) dependence of the control parameters.     

 

At the following regression coefficients values:   

       a – the regression coefficient, which is equal to  0,01131; 

       b – the regression coefficient, which is equal to  1,07594; 

       с – the regression coefficient, which is equal to  0,03475; 

       nCl – the hydrocarbon chlorination degree (e.g. % weight);   

      CKt – the catalyst concentration (% weight).   

      The statistical analysis of the obtained results has been carried out for the AN dependence establishment 

of the control parameters in the process of the chlorinated paraffins oxidation by the air oxygen, by means of the 

Statistical Package using for the applied program application of the DataFit 8.0 computer (Figure 3).                               

   So, the already found dependence of the initial parameters acid number (AN) can be presented in the 

following form:   
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   which is the control one, and it is allowed to be calculated the acid number (AN), having set the catalyst 

initial concentration, and the paraffin chlorination degree. Since the acid number (AN) is practically depended on 

the catalyst concentration and the accumulation rate of the acid number (AN) over the time (which, in its turn, is 

practically depended on the catalyst concentration), then the resulting value itself of the acid number (AN) is very 

dependent on the catalyst concentration to the second power.  

 

                 

The Figure 3. The average rate dependence of the acid number increase of the Ckt catalyst concentration and the nCl 

hydrocarbon chlorination degree.   

                 The adequacy of the obtained mathematical dependence and its relationship to the experiment has 

already been tested by the additional independent experiment on the CHP-40 brand chlorinated paraffin oxidation. 

But the special experiments on this chlorinated paraffin oxidation, at the data preparation for the mathematical 

treatment, have not been carried out yet. For the experiment, the Ckt value, different from those, used in the data 

processing, has been selected to be adequacy tested. Previously, by the suggested mathematical dependence and its 

relationship, it has been calculated the AN (e.g. the paraffin chlorination degree nCl= 40% (e.g. weight), the catalyst 

concentration Ckt =5% (e.g. weight)). The acid number (AN) value has been made up AN = 10,4 mg  KOH/g, 

having calculated, according to the equation. So, the CHP-40 chloroparaffin has already been oxidized in the 

special additional experiment, under the following conditions: the temperature of 107-108ºС, the catalyst amount of 

5% (e.g. weight), the air flow rate of 6 l/( min·kg) for 20 hours. Then, the oxidate has been obtained by us with the 

average acid number of 10,6 mg KOH/g. The adequacy dispersion of the supposed mathematical model has been 

made up 3,6% for these indicated conditions.    

                 Thus, the adequacy of the obtained mathematical dependence and its relationship to the experiment in 

the selected range of the parameters has already been confirmed.   

 On the example of the CHP-30 industrial chlorinated paraffin oxidation, it has already been found, that the 

stearate – anion presence in the studied catalytic system is practically provided to be reached the increased acid 

concentration in the oxidation products, as compared with the catalyst, having contained only the acetate – anion.   
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