
CHAPTER III
PREDICTION THERMODYNAMIC MODELS FOR WAX PRECIPITATION

W ax  fo rm a tio n  can  be  th e rm o d y n am ica lly  d e sc rib ed  u s in g  th e  gen era l so lid - 
liq u id  e q u ilib r iu m  e q u a tio n  (P rau sn itz  e t  a l . ,  1986). F o r c o m p o n e n t i ,  so lid -liq u id  
eq u ilib riu m  e q u a tio n  w ith  n eg lec tin g  th e  h ea t c ap ac ity  te rm  is
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w h ere  X is th e  m o le  frac tio n  in  liq u id  p h ase , ร  is th e  m o le  frac tio n s  in  so lid  p h ase , y L 

is th e  liq u id  p h a se  ac tiv ity  co e ffic ien t, y s  is th e  so lid  p h a se  ac tiv ity  co e ffic ien t, Ah m

is th e  en th a lp y  o f  m e ltin g , Ah lr is th e  en th a lp y  o f  so lid  tra n s itio n , T m is th e  m e ltin g  

tem p e ra tu re , T tr  is th e  so lid  tra n s itio n  tem p e ra tu re , T  is  th e  m ix tu re  tem p e ra tu re  an d  
R  is th e  id ea l g as  co n stan t.

F o r  a  g iv en  o il co m p o sitio n  an d  te m p e ra tu re  c o n d itio n , th e  ac tiv ity  
c o e ffic ien ts  in  b o th  p h ase s  are  ev a lu a ted  u s in g  th e  ite ra tiv e  n u m erica l so lu tio n  
p ro ced u re  c o m b in e d  w ith  m ass  b a lan ce  co n s tra in ts  fo r  e a c h  co m p o n en t. T h e  
ca lc u la tio n  w ill y ie ld  eq u ilib riu m  m o le  frac tio n s  in  b o th  p h a se s  as w e ll as th e  to ta l 
so lid  p h ase  m a ss  frac tio n  ( f s ). F o r b in a ry  system , th e  th e rm o p h y s ic a l p ro p e rtie s  fo r 
p u re  o c taco san e  w e re  o b ta in ed  fro m  D iran d  an d  CO w o rk e r  (2 0 0 2 ) an d  Y aw s (1 9 9 9 ) 
fo r n o n p a ra ff in  so lv en ts . F o r m u ltic o m p o n e n t sy stem s, th e  « -a lk an e  th e rm o p h y s ica l 
p ro p e rtie s  can  b e  o b ta in ed  fro m  S in g h  and  co w o rk e r (2001). C o m p o n e n t a c tiv ity  
c o e ffic ien t ( y )  c o rre la tio n s  fo r b o th  p h a se s  are  d e sc rib ed  in  th e  fo llo w in g  sec tions.

3.1 Liquid Phase Activity Coefficients

T h e  l iq u id  p h ase  ac tiv ity  co e ffic ien t can  b e  ex p re ssed  as  th e  p ro d u c ts  o f  tw o  
co n trib u tio n s : a  c o m b in a to ria l-free  v o lu m e  te rm  (<y comb~f v )  acco u n tin g  fo r th e  s ize  

an d  free  v o lu m e  e ffec ts  an d  a  re s id u a l te rm  ( y res)  a cco u n tin g  fo r th e  en e rg e tic  

in te rac tio n .
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T h e  c o m b in a to ria l tre e -v o lu m e  te rm  d esc rib ed  b y  F lo ry  tre e -v o lu m e  m o d e l 
(K o n to g eo rg is , 1994; C o u tin h o , 1995) is

In = In— +1 -  — (3.3)
X .  X .

w h e re  JC, is th e  m o le  fra c tio n  o f  c o m p o n en t i  in  th e  liq u id  p h ase . T h e  c o m p o sitio n  

frac tio n  o f  c o m p o n e n t i, <t> 1 , is  d e fin ed  by

( 3 4 )
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w h ere  V 1 is th e  m o la r  v o lu m e  o f  c o m p o n en t i (E lb ro  e t  a l., 1991; Y aw s, 1999) an d  

Vw is th e  v an  d e r W aa ls  v o lu m e  o f  c o m p o n e n t i. T h e  ca lcu la tio n s  fo r  m o la r  v o lu m e

an d  van  d er W aa ls  v o lu m e  are  sh o w n  in  A p p en d ix  A . T h e  v a n  d e r  W aa ls  v o lu m e  is 
d e fin ed  as  th e  space  o ccu p ied  by  a  m o lecu le , w h ich  is  im p en e trab le  to  o th e r 
m o le c u le s  (B o n d i, 1968). A n  ex te rn a l d eg ree  o f  freed o m , c , fo r a lk an e  sy stem s h as  
b e e n  em p iric a lly  se t se t to  b e  equal to  1.1 (C o u tin h o , 1995). S o lu tio n s  c o n s is tin g  o f  
o n ly  « -a lk an e  co m p o n en ts  are  k n o w n  to  b eh av e  a th e rm ally , su ch  th a t  y res eq u a ls  

un ity .
F o r  n o n -p a ra ffin  so lv en ts , th e  re s id u a l te rm  d o es  n o t e q u a l u n ity  an d  is 

n e e d e d  to  tak e  in to  acc o u n t in te rm o lecu la r  in te rac tio n s  am o n g  co m p o n en ts . T h e  
in te rm o le c u la r  in te rac tio n s  a re  re su lted  fro m  d isp e rs io n  fo rces. T h e  re s id u a l te rm  is 
c a lcu la ted  fro m  th e  m o d ified  v e rs io n  o f  U N IF A C  m o d e l (L arsen  e t a l., 1987),

l n r r  = Ç vF l n r * - l n r *) (3.5)

w h ere  v [  is th e  n u m b er o f  k  g ro u p  in  c o m p o n en t i ,  C t is th e  re s id u a l ac tiv ity  

co e ffic ien t o f  g ro u p  k  a t th e  m ix tu re  c o m p o sitio n  an d  r k is  th e  a c tiv ity  c o e ffic ien t o f  
g ro u p  k  in  th e  p u re  co m p o n e n t i . r k  an d  r k  are  g iv en  by



10

I n r 4 = a

f  y

1 - l n e m ¥ km

Y S P n V ' n m

(3 .6 )

w h ere  6 k is th e  su rface  a rea  frac tio n  o f  g ro u p  k  an d  can  b e  c a lc u la ted  by  th e  

fo llo w in g  eq u a tio n ,

w h e re  Q k is  th e  su rface  p a ra m e te r o f  g ro u p  k .  T h e  in te ra c tio n  te rm , i / /m n , is g iv en  by

V m n  =  eX P  ( - a J T ) (3 .8 .1 )

, an d  a m„ =  +  B m„ ( T - 2 9 8 . 1 5 )  +  C , Tin 2 9 8 .1 5 A
+  T -  2 9 8 .1 5 (3 .8 .2 )

J

w h ere  a mn is th e  in te rac tio n  p a ra m e te r b e tw een  g ro u p  m  an d  g ro u p  ท  ( L a rsen  e t  a l . ,  

1987). T h e  in te ra c tio n  p a ram e te rs  (a mn) d esc rib e  th e  d iffe ren ce  in  th e  in te rm o le c u la r  
in te rac tio n  en e rg y  b e tw e e n  th e  m - n  p a ir  ( u mn)  an d  ท -ท  p a ir  (นทท),

a _ ,  = u „  — umn mn nn

a  — u  — นnm mn mm

(3 .9 .1 )

(3 .9 .2 )

N o te  th a t, a mn 4- a nm . T h e  e x am p le  ca lcu la tio n  o f  re s id u a l a c tiv ity  c o e ffic ien t is  sh o w n  
in  A p p e n d ix  B.

3.2 Solid phase Activity Coefficients

In  th is  study , th e  so lid -p h ase  n o n id ea lity  is d e sc rib e d  b y  th e  loca l 
c o m p o sitio n  m o d e l, U N IQ U A C  ( C o u tin h o , 1999; A b ram s an d  P rau sn itz , 1975).
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w h e re  R  is  th e  gas co n stan t, T  is th e  eq u ilib riu m  tem p e ra tu re , ร , is  th e  m o le  frac tio n  
o f  co m p o n e n t i in  so lid  p h ase , z is th e  co o rd in a tio n  n u m b e r (Z=6 fo r th e  
o rth o rh o m b ic  p h ase ) an d  X jj =  A jj w h e re  j  is th e  sh o rte r « -a lk an e  in  th e  p a ir  i j .  A h sb im  is 
th e  en th a lp y  o f  su b lim a tio n  o f  p u re  « -a lk an e  an d  can  be  c a lc u la ted  fro m  th e  
fo llo w in g  eq u a tio n ,

H ea ts  o f  v ap o riz a tio n , A h vap, fo r p u re  « -a lk an e  are  ca lc u la ted  by  u s in g  th e  co rre la tio n  
d ev e lo p ed  by  M o rg an  an d  K o b ay ash i (1994). T h e  s tru c tu ra l p a ra m e te rs  r  an d  q  a re  
e s tim a ted  w ith  th e  a ssu m p tio n  o f  10 in te rac tio n  m e th y len e  u n its  re p re sen tin g  th e  
sp ec ific ity  o f  th e  in te rac tio n s  in  th e  so lid  phase . T h e  co rre la tio n  u se d  to  ca lcu la te  r ,  

an d  q t are sh o w n  in  A p p en d ix  c.

A h  L, =  A h  + A h f ,  +  A h ,shim vap JUS tr (3 .1 2 )
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