
C H A P T E R  V
R E S U L T S  A N D  D IS C U S S IO N

5.1 M e a s u r e d  C lo u d  P o in t  T e m p e r a tu r e s

T h e  c lo u d  p o in t tem p e ra tu res  o f  o c taco san e  (« -C 2 8 ) in  d iffe re n t so lv en ts  
w ere  m e a su re d  a t th e  ท -C 28 m o l fra c tio n  eq u a l to  0 .025 . F ig u re  5.1 sh o w s th e  
m e a su re d  v a lu e s  o f  c lo u d  p o in t tem p e ra tu re  o f  o c taco san e  in  th re e  d iffe re n t ty p es  o f  
so lv en ts .

Hexane Heptane Cyclohexane Cyclopentane Benzene Toluene

F ig u r e  5.1 C lo u d  p o in t tem p e ra tu res  o f  o c taco san e  in  v a rio u s  so lv en ts  at 

X n-C28 —0-025.

T h e  re su lts  in d ic a te  th a t c lo u d  p o in t tem p e ra tu res  o f  o c taco san e  in  so lv e n t a re  h ig h ly  
d e p e n d e n t u p o n  so lv en t type . It w as  fo u n d  th a t c lo u d  p o in t te m p e ra tu re s  o f  « -C 2 8  in  
« -a lk an e  so lv e n ts  a re  h ig h e r th a n  th o se  in  cy c lo a lk an e  so lv en ts  b u t lo w e r th a n  th o se  
in  a ro m a tic  so lv en ts . F ig u re  5 .2  sh o w s th e  m e asu red  c lo u d  p o in t te m p e ra tu re  o f  fo o d  
g rad e  w ax  (F G W ) in  v a rio u s  so lv en ts  w h ic h  hav e  th e  sam e tre n d s  as as  th o se  o f
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o c taco san e . F ig u re  5 .2 a lso  sh o w s th a t c lo u d  p o in t te m p e ra tu re  in c rea se s  w ith  
in c rea s in g  m o le  fra c tio n  o f  fo o d  g rad e  w ax .

35
♦  Hexane ▲  Cyclohexane I Benzene

30 -

I  25Ë.

I  20
§0 15 -

10
0.005 0.01 0.015 0.02

Mole fraction of C28
0.025 0.03 0.035

(a)

0.005 0.01 0.015 0.02
Mole fraction of c  28

0.025 0.03

(b)

Figure 5.2 Cloud point of food grade wax (FGW) in various solvents and
concentrations; a) in hexane, cyclohexane and benzene b) in heptane, cyclopentane
and toluene.
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T h e  e ffe c t o f  d iffe ren t so lv en ts  o n  c lo u d  p o in t te m p e ra tu re  can  be  e x p la in ed  
by  co n s id e rin g  d iffe ren ces  in  sh ap e  an d  ch em ica l b o n d  o r th e  in te rm o le c u la r  b e tw e e n  
so lv e n t an d  w ax . It w as  fo u n d  e x p e rim en ta lly  th a t th e  d iffe ren ces  in  so lv en t s ize  do 
n o t p lay  an  im p o rta n t ro le  as  ev id en ced  b y  th e  c lo u d  p o in t te m p e ra tu re s  in  h ex an e  
an d  h ep tan e  so lv en ts  as sh o w n  in  th e  F ig u re  5 .1 . In  c o n tra s t th e  d iffe re n ce  in  sh ap e  
b e tw e e n  « -a lk a n e  an d  cy c lo a lk an e  m ay  p ro v id e  in s ig h t w h y  cy c lo h e x a n e  g iv es  lo w er 
c lo u d  p o in t te m p e ra tu re s  th an  h ex an e . B ecau se  c y c lo a lk an es  c o n s is t o f  C H 2  g ro u p s 
s im ila r to  « -a lk an e , th e  d iffe ren ces  in  th e  in te rm o lecu la r  in te ra c tio n s  a m o n g  so lu te - 
so lu te , so lv e n t-so lv e n t an d  so lu te -so lv en t m o lecu le s  are  c o n s id e ra b ly  sm all. 
H o w ev er, T an c red e  an d  co w o rk er (1 9 7 7 ) u se d  a  lig h t s c a tte rin g  te ch n iq u e  to  
d em o n stra te  th a t  g lo b u la r  in  sh ap e  so lv en t su ch  as cy c lo h e x a n e  d e s tro y s  th e  
o rien ta tio n a l o rd e r  am o n g  « -C 1 6  so lu te  m o le c u le s  m o re  th a n  h ex an e . T h e  
o rien ta tio n a l o rd e r  p re se n t in  liq u id  « -a lk an e  m o lecu le s , as il lu s tra te d  in  F ig u re  5 .3 , 
re su lts  fro m  th e  a n iso tro p y  o f  a  p o la r iz a b ility  o f  th e  « -a lk an e  m o lecu le  (B o th o re l, 
1968). T h e  d e s tru c tio n  o f  o rien ta tio n a l o rd e r le ad s  to  a  h ig h e r en tro p y  o f  m ix in g , 
lo w e r free  en e rg y , h ig h e r  so lu b ility  and , lo w er c lo u d  p o in t tem p e ra tu re . H en ce , 
c lo u d  p o in t te m p ra tu re  o f  n -a lk an e  in  cy c lo h ex an e  is  lo w e r th a n  in  hex an e . 
A cco rd in g  to  th e  c lo u d  p o in t tem p e ra tu re  re su lts , one  c a n  c o n c lu d e  th a t 
c y c lo p en tan e  d e s tro y s  th e  o rien ta tio n a l o rd e r in  liq u id  « -a lk a n e s  m o re  th an  
cy c lo h ex an e .

(a) (b ) (c)

Figure 5.3 Schematic illustration of (a) solid (b) liquid with an orientational order
(c) liquid without an orientational order. The slender sticks represent the molecules.
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T h e  re su lts  sh o w  th a t  th e  c lo u d  p o in t te m p e ra tu re s  o f  b o th  ท -C 28 an d  F G W  
in  b en zen e  a re  th e  h ig h est. T h e  h ig h e s t c lo u d  p o in t te m p e ra tu re s  o f  b o th  so lu te s  in  
b en zen e  su g g e s te d  th a t  b o th  so lu te s  hav e  th e  lo w es t so lu b ility  in  b e n z e n e  so lven t. 
T h is  lo w  so lu b ility  b e h a v io r  can  be  ex p la in ed  b y  co n s id e rin g  d iss im ila ritie s  o f  
in te rm o le c u la r  in te ra c tio n  w h ic h  a re  cau sed  by  th e  d iffe ren ces  in  th e  n a tu re  b e tw e e n  
th e  a ro m a tic  d o u b le  b o n d s  in  b en zen e  an d  a lip h a tic  s in g le  b o n d s  in  ท-a lk an e . T h e  
w e a k  in te rm o le c u la r  in te rac tio n  b e tw e e n  so lu te  an d  so lv e n t m o le c u le s  co m p arin g  to  
so lu te -so lu te  in te ra c tio n  an d  so lv en t-so lv en t in te ra c tio n  le ad s  to  a  lo w e r so lu b ility  
an d  a h ig h e r  c lo u d  p o in t tem p era tu re . In  o th e r w o rd , a  s tro n g  so lu te -so lv en t 
in te rac tio n  c o m p a re  to  so lu te -so lu te  an d  so lv en t-so lv en t in te ra c tio n s  le ad s  to  a  lo w er 
c lo u d  p o in t tem p e ra tu re . F ro m  th e  re su lts , one  can  c o n c lu d e  th a t  in te rm o le c u la r  
in te rac tio n s  b e tw e e n  n -a lk an e  so lu te  an d  a ro m atic  so lv en t a re  re la tiv e ly  w e a k  
co m p ared  to  th e  like  p a ir  in te rac tio n s . It w a s  o b se rv e d  th a t  th e  c lo u d  p o in t 
te m p e ra tu re  o f  « -C 2 8  an d  F G W  in  to lu e n e  is  lo w er th a n  in  b en zen e . T h e  lo w er c lo u d  
p o in t te m p e ra tu re s  o f  th e  to lu e n e -w a x  m ix tu re  as  co m p ared  to  th o se  in  th e  b en zen e- 
w a x  m ix tu re  c a n  b e  ex p la in ed  b y  th e  d ec rea se  in  su rface  a rea  f ra c tio n  fo r a ro m atic  
C H  group .

5.2 Predicted Cloud Point Temperature

5.2.1 B in a ry  S ystem s
P u re  o c taco san e  w as u se d  as  a  so lu te  in  d iffe re n t ty p e s  o f  so lv en ts , 

n am e ly  « -a lk a n e s , cy c lo a lk an es  an d  a ro m atic s . C o m b in a to ria l-fre e  v o lu m e  and  
re s id u a l a c tiv ity  c o e ffic ien ts  a re  n e e d e d  to  be  ca lcu la ted , in  o rd e r to  d e te rm in e  liq u id  
p h a se  a c tiv ity  co e ffic ien ts , fro m  E q u a tio n  (3 .2 ). T h e  F lo ry -fre e  v o lu m e  m o d e l 
(F lo ry -fv ), E q u a tio n s  (3 .3 ) an d  (3 .4 ), w ith  an  ex te rn a l d eg ree  o f  f re e d o m  (c) eq u a l to
1.1 (C o u tin h o , 1995) w as u sed  to  ca lcu la te  th e  c o m b in a to ria l-fre e  v o lu m e  ac tiv ity  
c o e ffic ien ts  w h ile  th e  re s id u a l a c tiv ity  co e ffic ien ts  w ere  a ssu m e d  to  b e  n eg lig ib le  
( y res = 1 ) .  T h e  so lid  p h ase  ac tiv ity  co e ffic ien t o f  so lu te  is eq u a l to  o n e  sin ce  th e  
p rec ip ita ted  so lid  is  a  p u re  o c taco san e . T h e  c lo u d  p o in t te m p e ra tu re  p re d ic tio n s  an d  
ex p e rim en ta l re su lts  a re  sh o w n  in  F ig u re  5.4.
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F ig u r e  5 .4  T h e  co m p a riso n  b e tw e e n  th e  ex p e rim en ta l an d  c a lc u la ted  c lo u d  p o in t 
te m p e ra tu re s  u s in g  o n ly  co m b in a to ria l te rm  w ith  c -v a lu e  is se t to  be  eq u a l to  1.1 fo r 
o c ta c o sa n e -so lv en ts  m ix tu res ; a) in  h ex an e , cy c lo h ex an e  an d  b en zen e  b ) in  h ep tan e , 
cy c lo p en tan e  an d  to lu en e .
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T h e  re su lts  in d ic a te  th a t th e  m o d e l p ro v id e s  an  e x ce llen t c lo u d  p o in t te m p e ra tu re  
p re d ic tio n s  o n ly  fo r ท-a lk an e  so lv en ts , w h ile  c lo u d  p o in t te m p e ra tu re  p re d ic tio n s  are  
h ig h e r  th an  th e  ex p e rim en ta l v a lu es  o n  th e  av e rag e  o f  l°c fo r  cy c lo h e x a n e  an d  b y  
3°c fo r c y c lo p en tan e . F o r  th e  a ro m atic  sy s tem s, th e  m o d e l g rea tly  u n d e rp re d ic ts  th e  
c lo u d  p o in t te m p e ra tu re s  w ith  14 °c an d  9 °c fo r b en zen e  an d  to lu e n e  sy stem , 
re sp ec tiv e ly .

In  o rd e r  to  m in im ize  th e  d iffe ren ces  b e tw e e n  th e  ca lcu la ted  v a lu es  
an d  th e  e x p e rim e n ta l d a ta , th e  c -v a lu e  w as ad ju sted . T h e  ex p e rim en ta l an d  p red ic ted  
c lo u d  p o in t te m p e ra tu re s  w ith  ad ju sted  c -v a lu es  a re  sh o w n  in  F ig u re  5 .5 . C lo u d  p o in t 
te m p e ra tu re s  o f  o c ta c o sa n e  in  cy c lo h ex an e  an d  c y c lo p en tan e  so lv en ts  w e re  p red ic ted  
b y  th e  m o d e l w ith  c h a n g in g  th e  c  v a lu e s  to  1.16 an d  1.27, re sp ec tiv e ly . H o w ev er, th e  
m o d e l fa ils  to  a c c u ra te ly  co rre la te  th e  c lo u d  p o in t tem p e ra tu res  o f  « -C 2 8  in  b en zen e  
so lven t. F o r  a ro m a tic  so lv en ts , th e  c -v a lu e  is n e e d e d  to  b e  re d u c e d  (fro m  1.1) in  
a ttem p t to  co rre la te  th e  ex p e rim en ta l data . F ig u re  5.5 sh o w s th a t c lo u d  p o in t 
te m p e ra tu re  p re d ic tio n s  a t c =  0.1 fo r  b o th  b e n z e n e  an d  to lu e n e  h av e  th e  sam e  
v a lu es. F u rth e r  re d u c tio n  o f  th e  c -v a lu e  fro m  0.1 d o es  n o t s ig n ific a n tly  im p ro v e  
p re d ic tio n s  e v e n  c -v a lu e  h as  a  n eg a tiv e  va lue .

C o m b in a to ria l-free  v o lu m e  ac tiv ity  co e ffic ien t a lo n e  d o es  n o t p ro v id e  
an  accu ra te  p re d ic tio n  in  th e  sy stem  th a t has d iffe re n t in te rm o le c u la r  in te rac tio n s , 
su ch  as « -C 28  in  a ro m a tic  so lv en ts . In  o rd e r to  a cc o u n t fo r th e  d iffe ren ces  in  
in te rm o le c u la r  in te rac tio n  b e tw e e n  so lu te  an d  so lv en t, th e  re s id u a l a c tiv ity  
c o e ffic ien ts  a re  n e e d e d  to  b e  in c lu d ed . F o r th e  sy s tem s th a t h av e  n o  d iffe re n ce s  in  
in te rm o le c u la r  in te rac tio n s , su ch  as  « -a lk an e  so lu te  in  « -a lk an e  so lv en t, th e  u se  o f  
c o m b in a to r ia l- f re e  v o lu m e  ac tiv ity  c o e ffic ien t a lo n e  is  su ffic ie n t to  p re d ic t c lo u d  
p o in t te m p e ra tu re s  ( / res =  1). A s sh o w n  in  th e  F ig u re  5 .4 , c lo u d  p o in t te m p e ra tu re s  o f  
o c ta c o sa n e  in  b o th  h ex an e  an d  h e p ta n e  c a n  b e  accu ra te ly  p re d ic te d  u s in g  o n ly  th e  
c o m b in a to r ia l- f re e  v o lu m e  te rm  w ith  a  c -v a lu e  eq u a ls  to  1.1. T h e re fo re , in  th is  w ork , 
th e  c -v a lu e  w as  se t to  b e  eq u a l to  1.1. T h e  g ro u p  in te ra c tio n  p a ra m e te rs , a mn, u se d  fo r 
c a lc u la tin g  th e  re s id u a l a c tiv ity  c o e ffic ien t w ere  o b ta in ed  fro m  th e  M o d ified  
U N IF A C . T h e  v a lu e s  o f  a mn w ere  e s tim a te d  by  f ittin g  w ith  ex p e rim en ta l v ap o r-liq u id  
e q u ilib r iu m  d a ta  (L a rsen  e t  a l ,  1987). T h e  m o d if ie d  U N IF A C  m o d e l d o es  n o t
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d is tin g u ish  b e tw e e n  C H 2  g ro u p  in  « -a lk an e  an d  cy c lo a lk an e  . A s  a  re su lt, th e  re s id u a l 
ac tiv ity  co e ff ic ien t o f  o c taco san e  in  cy c lo a lk an e  so lv en ts  b e c o m e s  u n ity  ( / res= l ) .  

T h ere fo re , th e  m o d e l s till o v e rp red ic ts  th e  c lo u d  p o in t te m p e ra tu re s  o f  o c taco san e  in  
c y c lo h e x a n e  a n d  cy c lo p e n ta n e  as sh o w n  in  F ig u re  5.4.

33 ; _
▲  Cyclohexane 
a  Toluene 

— c= h 27-cyclopentane

r
ร. 18
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Benzene A Cyclopentane
c—1.16-cyclohexane ------ c - 0 .1 -benzenej;=0.1-toluene _

B c = 0.1
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F ig u r e  5 .5  T h e  co m p a riso n  b e tw e e n  th e  ex p e rim en ta l an d  c a lc u la ted  c lo lu d  p o in t 
te m p e ra tu re s  u s in g  o n ly  co m b in a to ria l-free  v o lu m e  te rm  w ith  a d ju s te d  c -v a lu e  fo r 
o c ta c o sa n e -so lv en ts  m ix tu res .

T h e  c lo u d  p o in t te m p e ra tu re  p re d ic tio n s  o f  o c taco san e  in  a ro m atic  
so lv en ts  u s in g  L a rse n ’s g ro u p  in te rac tio n  p a ram e te rs  a re  sh o w n  in  th e  F ig u re  5.6. 
T h e  re su lts  sh o w  th a t b y  ad d in g  th e  te rm  o f  th e  re s id u a l co n trib u tio n  th e  accu racy  o f  
p re d ic tio n s  c a n  b e  im p ro v e d  as seen  fro m  th e  d iffe ren ces  b e tw e e n  th e  ex p e rim en ta l 
an d  p re d ic te d  v a lu e s  fro m  14°c to  6.7°c fo r b en zen e  an d  fro m  9°c to  0 .7 ° c  fo r 
to lu e n e  sy stem s. T h e  re m a in in g  d isc rep an c ie s  a re  o rig in a ted  fro m  th e  v a lu es  o f  
in te rac tio n  p a ra m e te rs  u se d  in  th e  ca lcu la tio n . L a rse n  an d  co w o rk e r (1 9 8 7 ) 
d e te rm in ed  g ro u p  in te ra c tio n  p a ram e te rs  fro m  th e  v a p o r- liq u id  eq u ilib riu m  d a ta  
w h ile  w ax  p re c ip ita tio n  is  a  so lid -liq u id  eq u ilib riu m . T h e  g ro u p  in te rac tio n  
p a ra m e te rs  o b ta in e d  b y  L a rse n  an d  co w o rk e r do  n o t ta k e  th e  e ffe c t o f  o rd e r/d iso rd e r
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p h e n o m e n o n  o f  h ig h  m o le c u la r  w e ig h t /7-alkane in to  acc o u n t b e c a u se  th e  sy stem s 
u sed  to  fit g ro u p  in te rac tio n  p a ra m e te rs  in  L a rse n ’s w o rk  a re  m o stly  fo r  lo w  
m o le c u la r  w e ig h t co m p o u n d s. In  o rd e r to  im p ro v e  th e  c lo u d  p o in t tem p e ra tu re  
p red ic tio n , th e  so lid -liq u id  eq u ilib riu m  g ro u p  in te rac tio n  p a ra m e te rs  fo r  /7-alkane in  
n o n p a ra ffin  so lv en ts  w ere  d e te rm in ed  in  th is  w o rk  u s in g  th e  c lo u d  p o in t tem p e ra tu re  
d a ta  o b ta in ed  fro m  th e  p re se n t ex p erim en ts .

40
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F ig u r e  5 .6  C o m p a riso n  b e tw een  ex p e rim en ta l an d  c a lc u la ted  c lo u d  p o in t 
te m p e ra tu re s  u s in g  L a rse n  an d  c o w o rk e r’s in te rac tio n  p aram ete rs .

In  o rd e r  to  d iffe ren tia te  /7-alkane an d  c y lo a lk an e , C H 2  g ro u p s  in  77- 
a lk an e  an d  C H 2  g ro u p s  in  cy c lo a lk an e  are  co n s id e red  as  d iffe ren t m o le c u la r  g roups. 
C lo u d  p o in t te m p e ra tu re s  o f  o c taco san e  in  cy c lo h ex an e , cy c lo p en tan e  an d  b en zen e  
w ere  u sed  to  o p tim iz e  th e  g roup  in te rac tio n  p a ram e te rs , fo llo w in g  th e  sch em atic  
sh o w n  in  F ig u re  4 .5 . T ab le  5.1 sh o w s th e  v a lu es  o f  g ro u p  in te ra c tio n  p a ra m e te rs  
e s tim a ted  in  th is  w ork .

T h e  in te rac tio n  p a ra m e te r o f  g ro u p  A C H  (2) to  g ro u p  C H 2  (1), A 2 1 , in  
th is  w o rk  h as  th e  n e g a tiv e  v a lu es  co rre sp o n d in g  to  th e  v a lu es  rep o rted  in  th e
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U N IF A C  an d  th e  m o d ifie d  U N IF A C  (F red en lu n d  e t  a l ,  1977; L a rse n  e t  a l . ,  1987). 
T h e  in te rm o le c u la r  in te rac tio n  o f  p u re  co m p o n e n t can  b e  q u a lita tiv e ly  e s tim a ted  
u s in g  so lu b ility  p a ra m e te r  (H ild eb ran d , J. H . an d  S co tt, R . L ., 1950). T h e  so lu b ility  
p a ra m e te r  o f  h e x a n e  is le ss  th a n  th a t o f  b en zen e  so th e  in te rm o le c u la r  in te rac tio n s  
b e tw e e n  C H 2  g ro u p s  in  « -a lk an e  a re  w eak e r th a n  th a t b e tw e e n  A C H  g ro u p  in  
a ro m a tic  (น 11 <  น2 2 ). F ro m  E q u a tio n s  (3 .9 .1 ) an d  (3 .9 .2 ), o n e  c a n  see  th a t  a \ 2  is lo w er 
th a n  « 2 1 - T h e re fo re , T h e  v a lu e  o f  A 12  is  ex p ec ted  to  b e  n eg a tiv e  in s te a d  o f  A 2 1 . T he 
p h y s ic a lly -c o rrec te d  in te rac tio n  p a ram e te rs  m ay  n eed ed  to  o b ta in e  fro m  th e  
e s tim a tio n  w ith  b o th  c lo u d  p o in t tem p e ra tu res  an d  h e a ts  o f  m ix in g  da ta . T h e  g ro u p  
in te ra c tio n  p a ra m e te rs  e s tim a ted  fro m  o n ly  c lo u d  p o in t te m p e ra tu re  as  sh o w n  in  
T ab le  5.1 w e re  u sed  in  th is  w o rk  fo r th e  p re d ic tio n  o f  w ax  p rec ip ita tio n .

T a b le  5.1 G ro u p  in te rac tio n  p a ram e te rs  A mn an d  B nm o p tim iz e d  in  th is  w o rk

G ro u p A 12 A  21 B  12  =  ร 21

C y c lo p en tan e  C H 2 82.75 -8 2 .7 7 -0 .0 6 3 6
C y c lo h ex an e  C H 2 73.31 -69 .03 -0 .1 6 2 7
A ro m a tic  A C H  an d  A C 249 .73 -138.21 -0 .6 1 9 2

where 1 is a CH2 group in n-alkane solute and 2 are the CHj/ACH groups in the solvents.

T h e  g ro u p  in te rac tio n  p a ra m e te rs  fo r a ro m a tic  g ro u p s , o b ta in e d  fro m  
b en zen e  da ta , can  b e  su ccessfu lly  ex te n d e d  to  p re d ic t c lo u d  p o in t te m p e ra tu re s  fo r  
to lu en e  sy stem s. T h e  c lo u d  p o in t tem p e ra tu re  p re d ic tio n s  fo r c y c lo p e n ta n e  so lv en t 
sy s tem s w e re  im p ro v e d  by  u s in g  th e  cy c lo h ex an e  g ro u p  in te ra c tio n  p a ram e te rs . 
H o w ev e r, th e  p re d ic tio n s  rem a in ed  h ig h e r th an  th e  m e a su re d  v a lu e s  b y  2 .5  ° c  on  
av e rag e ; su g g e s tin g  th a t th e  C H 2  g ro u p  in  cy c lo h ex an e  a ffec ts  th e  c lo u d  p o in t 
te m p e ra tu re  re d u c tio n  to  a  le sse r ex te n t co m p ared  w ith  C H 2  in  cy c lo p en tan e . T h e  
rea so n  fo r th is  b e h a v io r  m ay  b e  th e  o rd e r/d iso rd e r e ffec t w h ic h  h a s  a  h ig h e r 
m ag n itu d e  in  c y c lo p e n ta n e  th a n  cy c lo h ex an e . H en ce , th e  c o rre la ted  g ro u p  in te rac tio n  
p a ra m e te rs  fo r  C H 2  g ro u p  in  b o th  cy c lo h ex an e  an d  c y c lo p en tan e  w e re  sep a ra te ly  
d e te rm in ed . O u r g ro u p  in te rac tio n  p a ra m e te rs  p ro v id e  accu ra te  p re d ic tio n s  fo r all 
so lv en ts  an d  co n c e n tra tio n s  as  sh o w n  in  F ig u re  5.7.
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F ig u r e  5 .7  T h e  c o m p a riso n  b e tw een  th e  ex p e rim en ta l an d  c a lc u la ted  c lo u d  p o in t 
te m p e ra tu re s  fo r  o c ta c o sa n e  in  n o n -n o rm a l a lk an e  so lv en ts .

5 .2 .2  M u ltic o m p o n e n t sy s tem s
F o o d  g rad e  w ax  w as u sed  as a  so lu te  fo r m u ltic o m p o n e n t sy stem s. 

L iq u id  p h a se  a c tiv ity  co e ffic ien ts  w e re  ca lcu la ted  u s in g  b o th  c o m b in a to ria l an d  
re s id u a l te rm s, as  d e sc rib ed  ea rlie r  in  th e  b in a ry  sy s tem s sec tion . T h e  v a lu e s  o f  g roup  
in te ra c tio n  p a ra m e te rs  o b ta in ed  fro m  th e  b in a ry  sy stem s are  lis ted  in  T a b le  5.1 w ere  
ex te n d e d  to  c a lc u la te  th e  re s id u a l a c tiv ity  c o e ffic ien ts  in  m u ltic o m p o n e n t sy stem s. 
F o r m u ltic o m p o n e n t sy s tem s, so lid  p h a se  ac tiv ity  c o e ffic ien ts  a re  n o t eq u a l to  one  
an d  n eed ed  to  b e  d e te rm in ed . T h e  so lid  p h ase  ac tiv ity  c o e ffic ien ts  w e re  ca lcu la ted  
fro m  U N IQ U A C  m o d e l, E q u a tio n  (10 ) an d  E q u a tio n  (11). P re d ic te d  c lo u d  p o in t 
te m p e ra tu re s  w e re  a re  sh o w n  in  th e  F ig u re  5.8.



Clo
ud 

poi
nt t

em
per

atu
re, 

°c 
clo

ud 
poi

nt t
em

per
atu

re

28

37

yo
32

27

22

17

12

♦  Hexane A Cyclohexane
■  Benzene - This work-hexane

------- This work-cyclohexane -----This work-Benzene
—

•๗'’' ’ ■
--'๗’

_____ -Jr '

" ♦  r
^  A

____________ 1____________ 1____________ 1_
0 0.005 0.01 0.015 0.02 0.025 0.03 0.035

Mole fraction of FGW

(a)

Mole fraction of FGW

(b )

F ig u r e  5 .8  T h e  c o m p a riso n  b e tw e e n  ex p e rim en ta l an d  c a lc u la te d  c lo u d  p o in t 
te m p e ra tu re  o f  fo o d  g rad e  w ax  - s o lv e n t  m ix tu res ; a) in  h ex an e , cy c lo h ex an e  an d  
b en zen e  b ) in  h e p tan e , cy c lo p e n ta n e  an d  to lu en e .
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T h e  p re d ic te d  c lo u d  p o in t te m p e ra tu re s  a re  h ig h e r  th a n  th e  m easu red
v a lu es  fo r  all so lv en ts . T h e  h ig h e s t av erag e  d ev ia tio n  is 2 .8  °c fo r  th e  b en zen e  
system . T h e  d e v ia tio n s  fro m  th e  ex p e rim en ta l re su lts  fo r each  so lv e n t a re  e x p re ssed  
by  su m -sq u a re  o f  e rro r p e r  one  d a ta  p o in t (S S E ).

N  is th e  n u m b e r o f  e x p e rim en ta l d a ta  p o in t. T h e  c lo u d  p o in t te m p e ra tu re  p re d ic tio n s  
acco u n tin g  o n ly  th e  co m b in a to ria l te rm  (Flory-fV ) an d  acco u n tin g  b o th  co m b in a to ria l 
an d  re s id u a l te rm s  w ere  co m p ared . F ig u re  5 .9  sh o w s th e  S S E  v a lu e s  o f  d iffe ren t 
so lv en ts . T h e  S S E  v a lu es  o f  ev e ry  so lv en ts  a re  th e  lo w es t w h e n  th is  w o rk ’s g ro u p  
in te rac tio n  p a ra m e te rs  w ere  used . T h e re fo re , th e  c lo u d  p o in t te m p e ra tu re  p red ic tio n s  
w e re  g rea tly  im p ro v ed  w h en  o u r g ro u p  in te ra c tio n  p a ra m e te rs  w e re  u sed  in  th e  
re s id u a l a c tiv ity  c o e ffic ien t ca lcu la tio n s.

□  Flory-fv j

I  80©a

oรนน

100 El Flory-fV+residual-Larsen I 
ฒ Flory-fV+residual-this workj

Q t : : k V/AWM.
Flexane

I: :::F.TWn___ iiil
Heptane Cyclohexane Cyclopentane Benzene Toluene

F ig u r e  5 .9  M e a n  d e v ia tio n  b e tw e e n  ex p e rim en ta l an d  c a lc u la ted  c lo u d  p o in t 
tem p era tu res .
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