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Abstract: Refinery sludge is one of the major industrial wastes that needs to be handled and treated . Therefore, this 

study aim to investigate the Kinetics of devolatilization and oxidation of the refinery sludge collected from a typical 

petroleum refinery plant located in Malaysia . Thermo Gravimetric Analyzer (TGA) was used  in this study for 

modeling  of the devolatilization and oxidation processes in presence of nitrogen inert gas and oxygen. Two reaction 

models are proposed here to describe the devolatilization while the oxidation reactions can be adequately described 

by a three-parallel-reaction models. The results show that the significant devolatilization reactions occur in the 

range of 192.76 - 500 
o
C. After a temperature of 500 

o
C the oxidation reactions are predominant. The activation 

energy, reaction order and pre-exponential factor were determined using three heating rate 10, 20 and 30 
o
C min

-1
 

and appropriate temperature are monitored to optimize the de-volatilization and oxidation reactions of the refinery 

sludge. The results show that, the heating rate has no significant effect of activation energy value. But Increasing the 

heating rate appeared to increase the start and end temperatures of each stage and shift DTG peaks to a higher 

temperature,. For all heating rates the third reaction of the three parallel oxidation reaction model has the highest 

activation energy ranged from 126.830- 472.277 kJ mol
-1

 with the lowest H/C ratio. The proposed reaction models 

could give useful information for treatment of refinery mixed sludge and design a proper system for oxidation and 

heating processes. 
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INTRODUCTION 

 
Petroleum refineries generate relatively large amounts of sludge waste from, tank bottoms, waste water, and so on. The 

accumulation of crude storage tank is a comparatively serious problem experienced by most refineries worldwide. The 

settling out of crude oil heavy fractions rust and sand can ultimately cause refinery problems when sludge is introduced into 

the plant.  It can cause fouling of heat exchangers as explained in [1].  

 

The  Oil sludge contains mainly heavy organic compounds and a large amount of combustible matters with high heating 

values, so break down large molecules into smaller ones by pyrolysis has been proven to be an alternative to dispose it . 

The benefit of using such a process not only minimizes or disposes the volume of solid waste but also yields valuable 

products, by  converting this stored energy into a usable energy source, [2]. 

 

The pyrolysis of oil sludge was investigated  by thermogravimetry/mass spectroscopy (TG/MS) and  in a horizontal quartz  

reactor with an electrical laboratory furnace under different pyrolysis conditions such as the influence of heating rate from 5 

to 20 
o
C min

-1
, final pyrolysis temperature from 400 to 700 

o
C, various interval holding stage, and three additives including 

a fluid catalytic cracking catalyst, NaOH and Cu(NO3)2.3H2O were employed as the catalyst for promoting oil sludge 

pyrolysis in terms of less solid residue production [3]. 

 

The kinetics of pyrolysis of API separator sludge obtained from an oil company in Thailand were studied  [4]. Results 

showed that typical derivative curves of the sludge consist of two major peaks. The first peak was found between 230 and 

270 
o
C while the other was found between 415 and 400 

o
C. 

 

An alternative approach for modelling the sludge as a continuous mixture by using an Arrhenius type- kinetics expression 

was proposed in [5]. They employed a two-step technique to construct the distribution of model parameters such as 

activation energy, pre-exponential factor and the reaction order. Their skeleton model could be utilized for thermal 

contractor design, without taking into account the detailed structure of the chemical scheme involved. 

 


