
CHAPTER I 
INTRODUCTION

Crude o ils  are com p lex  m ixtures w hich are usually  d ivided into four 
major com ponents; saturates, arom atics, resins, and asphaltenes (SA R A ). 
A sphaltenes are the h eaviest and the m ost polar fraction o f  the crude o il that is 
so lub le in arom atic so lven ts but in so lu b le  in normal alkanes (S p eigh t, 1999). 
A sphaltene d ep osition  is considered to be one o f  the m ost problem atic organic 
deposits. The precip itation  and d ep osition  o f  asphaltenes due to the change in 
com p osition , pressure, and tem perature in the reservoir or any part o f  the 
production system  are an undesirable situation that can dam age reservoirs by 
block in g  pore space, plug tubing and transportation fa c ilitie s , and cause 
fou lin g  in dow nstream  equipm ent causing a reduction  in capacity  and 
productivity.

D ue to the serious econ om ic nature o f  these problem s, num erous 
studies have been done on asphaltene precip itation  in order to determ ine the 
con d ition s at w h ich  asphaltene p recip itation  occurs. Several m ethods have 
been u tilized  such as optical m icroscop y, spectroscopy, v isco s ity , electrical 
conductiv ity , therm al con d u ctiv ity , etc. (D on agg io  e t  a i ,  2 0 01). A lthough  
there are m any m ethods to determ ine the asphaltene precip itation  onset, there 
are only tw o  com m on m ethods that can be used to predict the asphaltene  
in stab ility  at reservoir cond itions from  the experim ental data at am bient or 
near am bient cond itions. The first m ethod is the m easurem ent o f  refractive  
index (R I) (W ang and B u ck ley , 2001; W ang and B u ck ley , 2 0 0 3 ). H ow ever, 
refractive index provides only an em pirical approach to predict the asphaltene  
in stab ility  at reservoir conditions. Prediction  beyond the experim ental range 
requires accurate theoretical m odels. A nother m ethod is the autom atic titration 
m ethod w ith  spectrom eter. The autom atic titration m ethod w ith  a spectrom eter  
is the sim plest and easiest w ay to detect the asphaltene precip itation  onset at 
am bient or near am bient con d ition s b ecause it is le ss  tim e consum ing and 
acquires data autom atically . H ow ever, w e  need to be careful about interpreting 
the actual asphaltene precip itation  on set point. B eer ’s law  w ith  a m athem atical
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enhancem ent technique w as used to determ ine the actual asphaltene 
precipitation on set point as dem onstrated in th is d issertation . The precipitation  
results w ere used w ith the so lu b ility  param eter concept to determ ine the 
stability  o f  the crude oil.

The so lu b ility  param eter w as first described by H ildebrand and Scott 
in 1950. A so lu b ility  param eter is a co h esio n  param eter w hich  describes the 
interaction b etw een  m olecu les in condensed  m aterials. The Hildebrand  
so lu b ility  param eter is one o f  the param eters that can be used to characterize 
the so lu b ility  o f  asphaltenes in crude oil and determ ine the precip itation  onset 
point o f  asphaltenes. This so lu b ility  param eter con cep t can also be used to 
predict the asphaltene instability  o f  the live  o il at reservoir conditions.

In sp ite o f  m uch research, there still rem ains m any q u estion s about the 
effec t o f  tem perature, asphaltene precipitant (norm al a lkanes), and solvent 
(arom atics) on both the o il so lu b ility  param eter and onset so lu b ility  parameter 
and at w hat con d ition s asphaltenes w ill begin  to precip itate out from the crude
oil. A lso  in the o il recovery, using o f  m iscib le  in jection , carbon dioxide  
in jection , and so lven t in jection  has an e ffect on the asphaltene stability.

The ob jective  o f  this research is to understand the e ffec ts  o f  these  
factors and d evelop  a theoretical m odel for determ ining and predicting the 
asphaltene instab ility  at reservoir con d ition s or any p rocess con d ition s using  
so lu b ility  param eter technique.
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