
C H A P T E R  IV  
E X P E R I M E N T A L

4.1 M a te r ia ls

4 .1 .1  O il S o lv en ts
S ix  so lv en ts  o f  th ree  d iffe ren t ty p e s  ( « -a lk an e , c y c lo a lk an e  and  

a ro m a tic  ) w e re  u se d  in  th is  s tudy  to  in v es tig a te  th e  e ffec t o f  so lv e n t ty p e  o n  w ax  
p rec ip ita tio n . T a b le  4.1 sh o w s th e  lis t o f  so lv en t p u ritie s , fo rm u la tio n s  an d  su p p lie rs .

T a b le  4 .1  S o lv en t sp ec ifica tio n s

Type Solvent Purity Chemical
formular

Supplier
« -alkanes « -H exane 99.50% C6H 14 Fluka

« -H eptane 99+%  HPLC c 7h , 6 A ldrich
cycloalkanes Cyclopentane 99+% c 5h 10 Sigm a-A ldrich

Cyclohexane HPLC C6H t2 A cros
A rom atics B enzene 9 9 . 9 %  HPLC C e H t A ldrich

Toluene 99.8%  HPLC C7H 8 A ldrich

4 .1 .2  H ig h  M o le c u la r  W e ig h t P a ra ffin  S o lu tes
P u re  « -a lk an e  an d  m u ltip a ra ffin ic  w ax  w ere  u se d  as  m o d e l so lu te s  in  

th is  study . In  b in a ry  sy stem s, o c taco san e  (« -C 2 8 ) w as  u se d  as  a  so lu te . O c taco san e  
w as o b ta in ed  fro m  A ld ric h  w ith  9 9 %  p u rity . F o r m u ltic o m p o n e n t sy s tem s, fo o d  
g rad e  w ax  w as  u se d  as  a  so lu te  an d  fo o d  g rad e  w ax  c o m p o sitio n  is  sh o w n  in  th e  
F ig u re  4 .1 .
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Carbon number

Figure 4.1 P a ra ffin  d is tr ib u tio n  o f  fo o d  g rade  w ax .

4.2 Determination of Experimental Cloud Point Temperatures

C lo u d  p o in t te m p e ra tu re s  o f  m ix tu re s  w e re  m e a su re d  in  o rd e r  to  รณdy  th e  
p re c ip ita tio n  o f  w ax  sin ce  c lo u d  p o in t tem p e ra tu re  is th e  te m p e ra tu re  a t w h ic h  a  firs t 
p a ra ffin  m o le c u le  p re c ip ita te s  o u t fro m  th e  flu id . P re d e te rm in e d  a m o u n ts  o f  so lu te  
an d  so lv e n t w e re  p la c e d  in  a  20  m L  v ia l. T h e  m ix tu re s  in  th e  v ia l w e re  h ea ted  to  
d isso lv e  th e  so lid  so lu te  an d  it w as th e n  em erg ed  in  a  w a te r  b a th  fo r 30  m in u te s  a t th e  
se ttin g  te m p e ra tu re  (T i). A fte r  30  m in u te s , th e  m ix tu re s  w e re  v isu a lly  e x a m in e d  fo r 
th e  fo rm a tio n  o f  c ry s ta ls  o r  fo r a  ch an g e  in  ณ rb id ity . I f  a  c ry s ta l o r  tu rb id ity  ch an g e  
w as o b se rv ed , th e  b a th  te m p e ra tu re  w as  in c rea sed  (T 2 ) an d  th e  p ro c e d u re  rep ea ted . 
S im ila rly , i f  a  c ry s ta l o r  tu rb id ity  ch an g e  w as n o t o b se rv ed , th e  b a th  te m p e ra tu re  w as 
re d u c e d  (T 2 ). A  fin a l te m p e ra tu re  ch an g e  in c re m e n t o f  0.1° c  w as  u se d  in  th is  รณdy. 
T h e  c lo u d  p o in t te m p e ra tu re  w as re p o rte d  as  th e  h ig h e s t tem p e ra tu re  th a t a  c ry s ta l o r 
a  tu rb id ity  ch an g e  w a s  o b se rv ed . F ig u re  4 .2  g ra p h ic a lly  sh o w s th e  c lo u d  p o in t 
te m p e ra tu re  d e te rm in a tio n  p ro ced u res .
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Figure 4 .2  C lo u d  p o in t tem p e ra tu re  m e a su re m e n t p ro ced u res .

T w o  se ts  o f  ex p e rim en ts  w ere  co n d u c ted . F irs t, th e  c lo u d  p o in t te m p e ra tu re s  
w e re  m e a su re d  in  F o o d  g rad e  w a x -so lv e n t m ix tu res . S eco n d , th e  c lo u d  p o in t 
te m p e ra tu re s  w e re  m e asu red  in  o c taco san e -so lv en t m ix tu res.

4.3 Procedures of Cloud Point Temperature Prediction

F ig u re  4 .3 sh o w s th e  sch em atic  o f  th e  p re d ic te d  c lo u d  p o in t tem p e ra tu re  
ca lcu la tio n  p ro ced u re . T h e  m ix tu re  c o m p o sitio n  an d  th e  te m p e ra tu re , Tjnput, a re  th e  
in p u t d a ta  to  ca lcu la te  th e  so lid  p h ase  frac tio n  ( f s ). T h e  so lid  p h a se  frac tio n s  at 
e q u ilib r iu m  w ere  c a lc u la ted  at v a rio u s  tem p e ra tu res  w ith  th e  te m p e ra tu re  in c rem en t 
o f  0.1 °c. T h eo re tic a l c lo u d  p o in t tem p e ra tu re  o f  th e  m ix tu re  ( T cc ai ) w as  d e te rm in ed
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b y  p lo ttin g  f s  v e rsu s  Tinput an d  ex trap o la tin g  th e  to ta l am o u n t o f  so lid  p h a se  to  zero . 
T o ta l so lid  p h a se  frac tio n s  o f  a t le a s t fiv e  d iffe ren t te m p e ra tu re s  w e re  u sed  fo r 
ex trap o la tio n . F ig u re  4 .4  sh o w s th e  ex tra p o la tio n  to  d e te rm in e  a  th e o re tic a l c lo u d  
p o in t tem p e ra tu re .

ncal

Figure 4.3  C lo u d  p o in t tem p e ra tu re  p re d ic tio n  p ro ced u res .

Solid fraction

Figure 4.4 T h e  e x tra p o la tio n  o f  th eo re tic a l c lo u d  p o in t tem p era tu re .
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4.4 Estimation of Group Interaction Parameters in Non-normal Alkane 
Solvents

C lo u d  p o in t tem p e ra tu res  o f  o c taco san e  in  n o n -n o rm a l a lk an e  so lv en ts  can  
n o t be  a c c u ra te ly  p re d ic te d  u s in g  th e  g ro u p  in te rac tio n  p a ra m e te rs  fro m  a  lite ra tu re ; 
th e re fo re , g ro u p  in te ra c tio n  p a ra m e te rs  fo r o c taco san e  in  n o n -n o rm a l a lk an e  so lv en t 
w ere  es tim a ted . G ro u p  in te rac tio n  p a ra m e te rs  u se d  in  E q u a tio n s  (3 .8 ) an d  (3 .9 ) w ere  
ad ju s ted  to  f it th e  ex p e rim en ta l c lo u d  p o in t tem p e ra tu res . E x p e rim e n ta l c lo u d  p o in t 
te m p e ra tu re s  o f  o c taco san e  a t v a rio u s  co n cen tra tio n s  w ere  u se d  to  e s tim a te  th e  g roup  
in te rac tio n  p a ra m e te r  (a mn). T h e  te rm  o f  g ro u p  in te ra c tio n  p a ra m e te r  is  u se d  to  
d e sc rib e  th e  d iffe re n ce  in  th e  in te rm o lecu la r  in te ra c tio n  b e tw e e n  m -ท  p a ir  an d  ท -ท  

pa ir. F o r e x a m p le  o f  o c taco san e -b en zen e  m ix tu re , m  rep re sen ts  th e  CEE g ro u p  in  ท -  

C 28  and  ท  re p re se n ts  th e  a ro m a tic -C H  g ro u p  (A C H ) in  b en zen e . F ig u re  4 .5  sh o w s 
th e  e s tim a tin g  p ro c e d u re  to  e s tim a te  g roup  in te ra c tio n  p a ra m e te rs  w h e re  N  is  a  
n u m b e r o f  e x p e rim e n ta l d a ta  po in ts.

Figure 4 .5  G ro u p  in te ra c tio n  p a ram e te rs  d e te rm in a tio n .

T h e  e x p e rim e n ta l re s id u a l a c tiv ity  c o e ff ic ien ts  in  liq u id  p h a se  fo r 
o c taco san e  in  th e  so lv e n t ( y ™  ) w ere  ca lcu la ted  fro m  E q u a tio n s  (3 .1 ) to  (3 .4 ) a t a

m ix tu re  te m p e ra tu re  eq u a l to  th e  m e a su re d  c lo u d  p o in t tem p e ra tu re  ( T input=  7jexp ). 

T h eo re tic a l re s id u a l ac tiv ity  co e ffic ien ts  ( r Z o )  w e re  c a lc u la ted  fro m  E q u a tio n s  (3 .5 )
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to  (3 .9). G ro u p  in te ra c tio n  p a ram e te rs  w e re  ad ju s te d  to  m in im iz e  th e  d iffe ren ce  
b e tw e e n  e x p e rim e n ta l an d  th eo ritic a l re s id u a l ac tiv ity  co e ffic ien ts . T w o  
s im p lif ic a tio n s  w e re  m ad e  o n  th e  in te rac tio n  p a ra m e te rs  e s tim a tio n . F irs t, E q u a tio n  
(3 .9 ) w as s im p lif ie d  b y  n eg lec tin g  th e  la s t te rm  (C mn =  0). S eco n d , th e  te m p e ra tu re -  
d ep en d en t in te ra c tio n  p a ram e te rs  fo r g ro u p  m  an d  ท w ere  a ssu m e d  to  h a v e  th e  sam e 
v a lu e  o r B mn =  B nm. T h e  n o n lin ea r le a s t-sq u are  m e th o d  in  M A T L A B  so ftw are  w as 
u sed  to  o p tim iz e  th e  in te rac tio n  p a ram e te rs  b y  m in im iz in g  th e  o b je c tiv e  fu n c tio n  (F).
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