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Abstract – The oxidation of paraffin has been keen interest 

by several workers from all over the world as the oxidation 

leads to various functional groups in Hydrocarbon chain 

both saturated and unsaturated one. 

Liquid phase Oxidation of paraffin wax to fatty acids was 

first exploited in Germany to replace partly the import of 

fats, during Second World War, since than the process has 

been successfully commercialized in several countries like 

USA, USSR and East Germany. 

The oxidation leads predominantly to the formation of 

secondary alcohols consisting of a mixture of all possible 

isomers with the same number of carbon atoms in the 

molecules as the initial hydrocarbons. The secondary 

alcohols which are oxidation products of paraffin exhibit 

excellent hydrolytic, oxidative and color stability, because of 

the nature of their branching. These alcohols have lower 

melting points than straight chain alcohols of corresponding 

length, while retaining their high temperature stability. The 

oxidation of paraffin wax to fatty acids is carried out in 

temperature range 110 0C- 140 0C. 

Paraffin oxidation which is carried out by ALFOL, Oxo-

processes, are high temperature, high pressure processes 

which utilize expensive catalysts, making them energy 

intensive as well as expensive.   
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I. INTRODUCTION 
 

Company like Petrolite Corporation and Alox 

Corporation manufacture a wide range of oxygenated 

hydrocarbons. These products are produced by the 

controlled liquid phase partial oxidation of various 

petroleum fractions. Normally these oxides are mixtures of 

organic acids, oxy acids etc.They vary from one another in 

molecular weight (determined by raw material selected). 

And esters of oxidation. These oxidates are used in rust 

preventives, oil soluble lubricating agents, emulsifiers, or 

demulsifies, corrosion inhibitors etc. 

The Oxidation of paraffin played a special role in the 

case of saturated hydrocarbons containing 20 -25 carbon 

atoms. Oxidation leads to various fatty acids of higher 

molecular weight, from formic acid to soap fatty acid. 

Available Literature: 
Nesmelov and coworkers

6, 7
 have reported significant 

improvement in yield and quality of fatty acids by 

continuous foam phase oxidation. And recommended use 

of 5 %alcohol from sperm whale oil along with soda ash to 

obtain homogeneity in foam phase. Higher conversion 

levels beyond 50 % leads to the formation of more 

oxygenated and water soluble acids and hence the 

oxidation is stopped when the degree of conversion is 

between 30 to 50 %. Higher conversion levels decolorized 

the products therefore, conversion is generally restricted 

and the unreacted charge stock is recycled. Perchenko
3
 

employed a mixture of potassium permanganate and 

manganese dioxide and recommended optimum 

concentration of oil. Further increase in the concentration 

of catalyst resulted in retardation of the oxidation process. 

Triandafilidi
2 

reported improvement in air uptake and 

reduction by 50 % of air requirement. The maximum 

permissible temperature for air oxidation in the foam 

phase, with manganese naphthenate as a catalyst was 

reported 
 
to be 180 

0
C

18 
, higher temperature were found to 

cause formation of Tar. An optimum temperature of 140- 

160 
O
C was recommended. .Zilberg et al

7
 and Ignonin and 

co –workers 
12,13

 have investigated the oxidation of 

branched chain paraffin hydrocarbons to branched chain 

acids.  

N.M Emanuel
1,3,6

 has carried out paraffin oxidation by 

ozonized air at different induction periods and proved that 

rate of reaction increases manifold with varying induction 

periods  

Paraffin oxidation mechanism 

 
 

Available Technologies 
The oxidation of paraffin wax to fatty acids is normally 

carried out in temperature range 110 
0
C-

 
140 

0
C

14.
 In the 

reaction, the effect of mass transfer can be eliminated by 

keeping sufficiently high value of air flow rate initially. 

BASHKIROV PROCESS1 is largely used on an 

industrial scale, is based on paraffin oxidation at 165-

170
o
C using 5 Weight % boric acid, and using a mixture 

of nitrogen and oxygen with oxygen content of 3.5 to 4.2 

vol %.drastic oxidation could lead to glycols and id-

carboxilic acids. To increase the selectivity of oxidation 

mixed catalysts are frequently used ie. Manganese, 

potassium and sodium. Catalyst helps in increasing 

conversion of paraffin oil. 

Paraffin oxidation which is carried out by ALFOL, Oxo-

processes, are high temperature, high pressure processes 

which utilize expensive catalysts, making them energy 

intensive as well as expensive. The maximum conversion 

achieved yet by existing processes is 15% for a batch time 

of 4 hours.  

The rate of oxidation may be increased by increasing the 

inter -facial area by Foam in a reactor,
12

 where we can get 
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significant improvement in the yield and quality of fatty 

acids by continuous foam. 

Extensive information is available regarding paraffin 

oxidation mechanism. However; most of the information’s 

are relevant for paraffin oxidation processes and its studies 

in batch and continuous operations, Very little information 

is available for the paraffin oxidation studies in foam 

reactor and its kinetic studies.  

In this paper paraffin Oxidation has been carried out in a 

foam reactor at moderate temperature and pressure with 

suitable catalyst. The Effect of concentration vs 

conversion of products have been studied. 

 

II. METHODOLOGY 
 

The major products of paraffin oxidation are  

1. Fatty Acids  

2. Fatty Alcohols 

3. Esters  

4. Aldehydes and Ketones.  

The raw materials used are paraffin oil, combination of 

catalyst such as potassium permemegenate (KMNO4), 

magnesium oxide (MgO) and mixture of potassium 

permegagent and magnesium oxide. Paraffin oil is pre 

heated to 120oc and charged to a reactor along with 

catalyst in slurry form foam is generated with the reagent 

sodium lauryl sulphate. The reaction is carried out for 2, 3 

hours. The samples are analyzed using UV spectroscopy. 

Experimental Details 
The foam reactor used in the present experimental work 

was a laboratory scale reactor similar to that described by 

Bashkirov and Solviet process,
1,11,12

 having 6.38 cm 

diameter; and100cm length. Reactor has been made from 

glass; advantage is non-corrosive in nature, transparent, 

and resistant to many chemicals. Glass reactors were 

packed with packing material, rasching rings, up to 15 cm 

height; size of rasching rings 12*12 mm.For measuring 

flow rates, rota meters were installed at the inlet for both 

air and water having Range (1-250 lpm).Paraffin oil was 

heated in SS vessel having capacity 5lits.SS vessel was 

provided with internal cladding of alumina with internal 

heater (0-200 
o
c) and temperature indicator. Samples after 

oxidations were collected in a flask having capacity 250 

ml. 

Experimental procedure 
 The initial temperature has been maintained between 

120-130°C. 

 The air flow-rate has been maintained between 1-5 liters 

per minute and water flow rate, one lit/min.. The 

catalysts used were: Potassium permanganate; 

Magnesium Oxide. The surfactant used was Sodium 

laurel sulphate in a slurry form; Concentration was kept 

max 5 % by weight. 

Chemicals used 
Paraffin oil, a combination of catalyst such as 

magnesium Oxide (MgO), Potassium paramagnet 

(KMnO4).  

 

The reaction has been carried out for about 2, -3 hrs. 

The samples were collected at the interval of one hr. 

Samples were collected from bottom (50 ml app.) and 

were analyzed for acid contents by titration. The fatty 

alcohol analysis has been performed using GC -mass 

Spectrophotometer. Visible range 400-700 nm 

spectrophotometer is used extensively. And readings are 

taken every 20nanometersalong the visible range. And 

produce a spectral reflectance curve. Fatty acids contained 

in the alcohols were separated by Saponification and 

subsequent distillation. Alcohols have been set free by 

Hydrolysis. Primary alcohols were prepared by vacuum 

distillation.
5,6 

The bottom Products contained only secondary alcohols. 

Which were analysed by GC –mass Spectrophotometer. 

The product stream was separated into organic layer and 

aqueous layer using a separating funnel. 

The properties of paraffin oil 
1. Appearance: Clear colourless, viscous liquid. 

2. Odour: Odourless  

3. Solubility: Negligible (<0.1 %) 

4. Specific gravity: 0.86-0.91  

5. Volatiles by volume at 21°C: Nil 

6. Melting Point: -18 to -25 °C  

7. Vapour Pressure: <0.5 mm Hg at 20 °C 

8. Flash Point: 220 °C 

 

Experimental Set –Up 

 
Fig.2. Experimental Set-up 

 

Sample calculation: for Table no -8 
Absorbance = K1*concentration +K0   K1= 0.0960 K0= 

0.0007 

1.510=0.0960*concentration+0.0007 
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Therefore concentration = 3.55 gmol/lit 

CA= CA0 (1-XA) 

CAo= 14.33(pure paraffin oil), CA = 3.55, Therefore XA= 

75.23 

Conversion is 75.23%.This is a conversion of useful 

products. 

 

III. RESULTS AND DISCUSSIONS 
 

Data are reported in Table no-1 to Table No-9. The data 

are absorbance , concentration ,conversion values for 

residence time 2 hrs and 3 hrs for different catalyst at 

temperature 120
0
c and 130

0
c.Figure no 1,3,5,7,9,11,13 are 

the plot of Absorbance vs. concentration graphs and figure 

2,4,6,8,10,12,14 are the % conversion vs. concentration 

graphs. 

Table no -9 is a summary of maximum concentration vs. 

maximum conversion values and these values are plotted 

in figure -13as absorbance vs. concentration and figure no 

-14is a plot of maximum concentration vs. conversion 

graph.    

Discussions 
Concentration of paraffin products decreases with 

increase in conversion. Combination of catalyst increases 

conversion. With marginal increase in temp. from 120
0
c to 

130 
o
c ,conversion is increased almost 2.5 times.(table -7) 

with combination of catalyst  .Hence to achieve better 

conversion ,paraffin oxidation should be carried out at 

temp of 130
0
c. Maximum conversion achieved is 75.23% 

at temperature 130
0
c with combined catalyst.(table no-9) 

Hence selection of catalyst plays major role in the 

conversion of useful products . 

 

IV. CONCLUSION 
 

We can conclude that it is feasible to do kinetics study 

for paraffin oxidation in a foam reactor. The output of the 

products increases with combination of catalyst like 

magnesium oxide and potassium paramagnet. 
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OBSERVATIONS 
 

Table 1:  

Catalyst used: 0.1% MgO salt/paraffin oil 

Temperature: 120°C  

•         For residence time: 2hrs 

•         Wavelength: 550nm  

Absorbance Conentration Conversion % 

abs/cm gmol/lit XA 

1.57 10.4 0 

1.519 19.87 3.06 

1.51 19.15 3.55 

1.506 18.37 3.8 

1.487 18.03 5 

1.329 15.9 17.9 

1.306 15.56 16.6 

 

 
Fig. 01 

 

 
Fig. 02 

 

Table 2 

•    For residence time:  3hrs 

•    Wavelength: 550nm 

Absorbance 

abs/cm 

Conentration 

gmol/lit 

Conversion % 

XA 

1.75 18.22 0 

1.628 16.95 6.97 

1.565 16.29 10.5 
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1.525 15.81 13.23 

1.405 14.62 19.76 

1.296 13.5 25.9 

 

 
Fig. 03 

 

 
Fig. 04 

 

Table 3 

Catalyst used: 0.1% MgO and KMnO4/paraffin oil 

Temperature: 120°C  

•  For residence time: 2hrs 

•  Wavelength:650m       

Absorbance Conentration 

gmol/lit 

Conversion % 

XA abs/cm 

1.62 16.86 0 

1.58 16.45 2.43 

1.53 15.93 5.5 

1.5 15.61 7.41 

1.47 15.3 9.25 

1.43 14.88 11.74 

1.4 14.57 13.58 

1.37 14.26 15.42 

 

 
Fig. 05 

 

 
Fig. 06 

 

Table 4 

•  For residence time:  3hrs 

•  Wavelength: 650nm  

Absorbance Conentration Conversion %  

abs/cm gmol/lit XA 

1.8 18.74 0 

1.77 18.43 1.65 

1.73 18.01 3.89 

1.69 17.66 5.76 

1.63 16.97 9.44 

1.6 16.66 11.1 

1.8 18.74 0 

 

 
Fig. 07 

 

 
Fig. 08 
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Table 5 

Catalyst used: 0.1% KMnO4 and MgO/paraffin oil 

Temperature: 130°C 

•  For residence time: 2hrs 

•  Wavelength: 650nm 

Absorbance Conentration Conversion % 

abs/cm gmol/lit XA 

1.991 20.73 0 

1.396 14.53 29.91 

1.311 13.65 34.15 

1.313 13.67 34.06 

1.292 13.45 35.12 

1.12 11.66 43.75 

 

 
Fig. 09 

 

 
Fig. 10 

 

Table 6 

•   For residence time:  3hrs 

•   Wavelength: 650nm

  

Absorbance Conentration Conversion % 

abs/cm gmol/lit XA 

1.761 18.34 0 

1.621 16.88 7.96 

1.526 15.89 13.35 

1.456 15.16 17.34 

1.268 13.2 28.03 

1 10.41 43.24 

 

 
Fig. 11 

 

 
Fig.12 

 

Table 7 

Catalyst used: KMnO4 and MgO 0.2%paraffin oil 

Temperature: 130°C 

•  For residence time: 2hrs 

•  Wavelength: 650nm 

Absorbance Conentration Conversion % 

abs/cm gmol/lit XA 

1.396 14.53 0 

0.816 8.49 41.57 

0.681 7.08 51.27 

0.631 6.56 54.85 

0.568 5.91 59.32 

0.379 3.94 72.88 

 

 
Fig. 13 
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Fig. 14 

 

Table 8 

•   For residence time:  3hrs 

•   Wavelength: 650nm 

Absorbance Conentration Conversion % 

abs/cm gmol/lit XA 

1.376 14.33 0 

0.79 8.22 42.64 

0.653 6.79 13.35 

0.609 6.34 52.62 

0.526 5.47 62.73 

0.342 3.55 75.23 

 

 
Fig. 15 

 

 
Fig. 16 

 

Table 9: Summary of all the Runs:-plot %conversion vs mAX. Concentration 

wavelength Absor Time Maxconc. Conver. Temp. catalyst 

550nm 1.329 2hrs 15.9 17.9 1200c 0.1%MgO 

550nm 1.296 3hrs 13.5 25.9 120 do 

650nm 1.37 2hrs 14.26 15.42 120 0.1mgo+kMNo4 

650nm 1.6 3hrs 16.66 11.1 1200o do 

650nm 1.12 2hrs 11.66 43.75 1300c do 

650nm 1 3hrs 10.41 43.24 130oc do 

 

 
Fig. 17 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


