
CHAPTER III 
EXPERIMENTAL

3.1 Materials

3 .1 .1  C rude O il
C ru d e o i l  A , o n e  o f  the tw o  o i ls  u sed  in  th is  in v e s t ig a t io n , co n ta in s  a 

h ig h  co n ce n tr a tio n  o f  a sp h a lten es . A n o th er  cru d e o il, O il พ ,  is lig h t o i l  d u e to a lo w  
a sp h a lte n e  c o n te n t and lo w  v isc o s ity . T h e  S A R A  c o m p o s it io n  and  p h y s ic a l  
p ro p erties  o f  O il A  are lis te d  in  T a b les  3 .1 . T h e a sp h a lten e  c o n te n t an d  p h y s ic a l  
p ro p erties  in O il A  and O il พ  are sh o w n  in  T a b le  3 .2 .

Table 3.1 S A R A  c o m p o s it io n  o f  O il A

S o lu b ility  C la ss % w t in  O il A
Saturates 5 1 .7 7

A ro m a tic s 2 1 .4 8
R e s in s 10 .4 8

H e p ta n e -A sp h a lte n e s 1 0 .5 6
U n r e c o v e r e d  fraction 5.71

Table 3.2 P h y s ic a l p rop erties  o f  O il A  and  O il พ

P rop erties O il A O il พ
H e p ta n e -A sp h a lte n e s  (% w t) 10 .8  ± 0 . 5 0 .6 9  ±  0 .0 4

D e n s ity  at 2 0 ° c  (k g /m 3) 8 6 9 .2  ±  0 .2 8 5 4 .8  ± 0 .1
V is c o s ity  at 2 0 ° c  (m P a* ร) 2 6 .3  ± 0 .1 7 .7  ± 0 .1
V is c o s ity  at 6 0  ° c  (m P a * s) 6 .7 8  ±  0 .0 7 2 .8 3  ± 0 .0 1

In sta n tan eo u s O n se t  vo l% 40%
35 %  at 2 0 ° c  
25 %  at 6 0 ° c
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3 .1 .2  n -H ep ta n e  P recip itan t
N -H e p ta n e  w a s  u sed  to d e sta b iliz e  a sp h a lte n e s  from  th e cru d e o il. 

T a b le  3 .3  s h o w s  th e p rop erties and so u rce  o f  the n -H ep ta n e  u sed  in  th is  stu d y .

T a b le  3 .3  P h y s ic a l p rop erties  at ex p er im en ta l c o n d it io n  (6 0 °C ) and  so u rce  o f  
p recip itan t

P recip itan t D e n s ity
(g /m l)

M o la r
V o lu m e

(m L /m o l)

S o lu b ility
P aram eter
(M P a 05)

V is c o s ity
(m P a * s)

P u rity S o u rce

n -H ep ta n e 0 .6 4 9 4 1 5 4 .3 15 .2 0 .2 7 2 9 9 .4 % F ish er

3 .1 .3  T o lu e n e
T o lu e n e  w a s  u sed  to c le a n  the sy s te m  and  m easu re  th e  d ia m eter  o f  

ca p illa ry . D ia m e te r  m ea su rem en t w a s  d o n e  at 2 0 ° c .  T a b le  3 .4  s h o w s  th e v is c o s it y  at 
th e  ex p e r im e n ta l c o n d it io n s  and  so u rce  o f  to lu en e .

T a b le  3 .4  V is c o s it y  at ex p e r im e n ta l c o n d it io n s  and so u r c e  o f  to lu e n e

S o lu t io n V is c o s ity  at 2 0  ° c  (m P a*  ร) P urity S o u r c e
T o lu e n e 0 .5 8 5 9 9 .9 % F ish er

3 .2  E q u ip m e n t:

3 .2 .1  O p tica l M ic r o sc o p e  S etu p
A n  o p tica l m ic r o sc o p e  (N ik o n  E c lip se  E 6 0 0 )  h as b e e n  u se d  to d e tec t  

th e  p rec ip ita tio n  o f  a sp h a lten e  from  cru d e o il-p r e c ip ita n t m ix tu res . T h e  m ic r o sc o p e  
se tu p  p ro v id es  a 5 0 0 x  tota l m a g n ific a tio n . A  m o n o c h r o m e  S o n y  C C D  v id e o  cam era  
w a s  c o n n e c te d  w ith  the m ic r o sc o p e  and lin k ed  to a S o n y  C a m era  A d a p to r  C M A -D 2 .  
T h e  a n a lo g  s ig n a l from  th e  ca m era  w a s  co n v e r te d  to d ig ita l s ig n a l b y  a W in T V  U S B
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N T S C  M o d e l 4 0 2 0 1  and d ig ita l im a g e s  w er e  cap tu red  at a r e so lu tio n  o f  6 4 0  X  4 8 0  
p ix e ls .

3 .2 .2  U ltra cen tr ifu g e
A  S o rv a ll L e g en d  X I R  c e n tr ifu g e  w a s  u sed  for  p rep arin g  cru d e  o ils .

3 .2 .3  S ta in le s s  S te e l C a p illary  T u b es
T h e  sta in le ss  s te e l cap illa ry  tu b es that w e r e  u sed  for  d e p o s it io n  

e x p e r im e n ts  w er e  p u rch ased  p recu t from  U p ch u rch  S c ie n t if ic  w ith  part n u m b er  
U -1 0 1 .

3 .2 .4  S y r in g e  P u m p s
T e le d y n e  IS C O  M o d e l 5 0 0 D  sy r in g e  p u m p s w e r e  c o n n e c te d  to  th e  

c y lin d e r s  as sh o w n  in  F igu re 3 .1 . W ater w a s  p u m p ed  from  th e  sy r in g e  p u m p  in to  the  
c y lin d e r  to  p u sh  th e  barrier in s id e  th e  c y lin d e r  forw ard  and th e so lu t io n  f lo w e d  into  
th e  sy s te m .

F ig u r e  3 .1  S c h e m a tic  sh o w in g  h o w  so lu tio n  w a s  fed  in to  th e  sy s te m  u s in g  a sy r in g e  
p u m p .

3 .2 .5  W ater  B ath
A  C o le -P a rm er  P o ly s ta t  H ea ted  C ircu la tin g  B ath  w a s  u se d  for  

c o n tr o llin g  the e n v iro n m en ta l tem p eratu re, w ith  an a c cu ra cy  o f  ±  0.1 °c.
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3 .2 .6  Pressure Transducers
There are tw o pressure transducers in th is apparatus. O ne o f  them  is 

installed to m easure the pressure drop o f  the m ix in g  section , a S en sotec  Z /741-08Z D  
w ith a range o f  100 psid , 0.25%  accuracy. The other transducer m easures the  
pressure drop in the capillary section , the equipm ent is a Sensotec A -5 /8 8 2 -1 5  w ith  a 
range o f  10 psid, 0.5%  accuracy.

3 .2 .7  10 pm  Stain less Steel Frit
The m ix in g  section  w as designed  to im prove the m ix in g  betw een  the 

crude oil and heptane. T w o identical frits from U pchurch Scien tific  part num ber A -  
105-02  w ere used: the first one is located inside o f  a m ix in g  tee, and it w ill help to 
prom ote the mixture; the second one w orks as a pre-filter and it is located in 
con n ectin g  tee.

3.3 Methodology

3.3 .1  Pre-treatm ent o f  Crude Oil
In order to rem ove so lid  particles and water from  crude oil sam ples  

obtained from  the field , sam ples w ere centrifuged at 14 ,000 g for 3 hours by a 
Sorvall L egend  X IR  centrifuge. Then, the particle-free crude o il w as transferred  
from  the top o f  the container (around 80% w as co llected ) and kept in 2 5 0  mL  
reusable bottles w ith  polypropylen e p lug-sea l cap. T he head space o f  the bottles w as  
filled  by nitrogen.

3 .3 .2  Preparing the C ylinders o f  the Syringe Pum p
Crude o il and precipitant (n-heptane) w ere carefully  loaded into the 

sam ple cylinders to prevent air bubble.

3 .3 .3  O nset C ondition Experim ent by M icroscop y
B efore  asphaltene deposition  experim ents were perform ed, the 

instantaneous onset vo lu m e w as determ ined in order to be able to ch oose  the 
appropriate precipitant concentration to study. In order to perform  an on set condition
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experim ent, the apparatus w as connected  w ithout the pressure transducer. The 
experim ent is started by first flo w in g  only pure crude o il through the system . 
Sam ples w ere taken from the effluent using a m icropipette and then dropped on a 
m icroscope slide. The m icrographs obtained, at 5 0 0 x  total m agnification , are base 
case, w here pure crude o il is being observed. To obtain the m icrographs o f  the actual 
m ixtures o f  crude oil and precipitant, the desired f lo w  rate o f  o il and precipitant w ere  
set in order to reach the vol%  desired. The effluent w as co llected  and the 
m icrographs w ere taken. The process w as repeated by changing the flo w  rates until 
the onset point w as reached.

3 .3 .4  D ep osition  Experim ent
In order to perform a deposition experim ent, the system  w as first 

connected  w ithout the outlet o f  APmjX and APcap to the pressure transducer in order to 
bleed the air out o f  the system . The precipitant line w as prefilled  w ith  liquid and an 
air pocket w as connected  before the end o f  the line in one side o f  m ix ing  tee, the 
purpose o f  this w ill be described next. The crude o il w as prefilled  into the system  
a llow in g  it to m ove into the precipitant line but the air pocket prevents the m ix in g  o f  
the o il and precipitant. D uring the process o f  prefilling, o il w ill be m aintained in  the 
precipitant line by adjusting the f lo w  rate o f  o il and precipitant before the Back  
Pressure R egulator (B P R ) opened. Further, the p ositive  and negative pressure drop 
outlets w ere connected  respectively  to the pressure transducer on ce the air has been  
forced out o f  the system . Finally, the desired flo w  rate o f  oil and precipitant w ere set. 
The system  w as p laced  in the water bath at 60°c in order to avoid  the d ep osition  o f  
w axes. The data signal from  the pressure transducer w as co llec ted  by the program  N I  
D atalogger. The actual pressure drop o f  the capillary section  m easured during the 
experim ent (APcap) has been shifted  by deducting the value o f  APcap,0 (w h ich  is the 
m ean value o f  the pressure drop m easured in the sam e section  before APcap starts to 
increase). T he value o f  APcap,0 is the m easured pressure drop o f  the oikprecipitant 
m ixture travelling through the capillary w ithout any detectable increase in the 
pressure drop due to deposition . The start tim e o f  the experim ent is defined as w hen  
the heptane first enters the capillary after pushing the air bubble and oil out o f  the 
connecting line. The tim e w hen heptane first enters the system  ( to )  is d iscounted  from
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the overall e lapsed  tim e o f  the experim ent (t). After experim entation w as perform ed, 
the deposits w ere v isu alized  w ith  scanning electron m icroscop y  (SE M ) on a FEI 
Quanta 200  3D  instrum ent operating in lo w  vacuum  m ode (0 .53  torr).

3 .3 .5  F low in g  Precipitated A sphaltene Solution  Through a Capillary
A  precipitated asphaltene solu tion  w as prepared by m ix in g  crude o il 

and heptane at 4 0  vol%  C7 in an E rlenm eyer flask. The goal o f  this experim ent is to  
observe w hether precipitated asphaltenes w ith  different s ize  particles can deposit in 
the capillary at d ifferent aging tim es. The solution  w as aged  for 23, 73 and 95 hours. 
Then, the so lu tion  w as pum ped through a capillary (0 .0 1 ” ID and r  length) at 
0 .6  m L/m in using a peristaltic pum p (M asterflex # 7 5 2 3 -2 0 )  and the pressure across 
the capillary w as m easured by a differential pressure transducer as sh ow n  in Figure
3 .3 . A ll the experim ents w ere conducted at room  temperature.

F ig u re  3 .2  Experim ental schem atic for flow in g  precipitated particles through a 
capillary.
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