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ABSTRACT

S i m u l a t ed  d i s t i l l a t i o n  us in g  t he  gas c h r o m a to g r a p h i c  

t e c h n i q u e  was a t t em p te d  i n  t h i s  s t u dy  i n  o r d e r  t o  o b t a i n  

b o i l i n g  range d i s t r i b u t i o n  curves  f o r  two pe t r o l e u m  l i q u i d s  

and e i g h t  c o a l - d e r i v e d  l i q u i d  samples .  The s i m u l a t e d  

d i s t i l l a t i o n  p roc ed u re  i s  d i s c u ss ed  i n  d e t a i l  and the  

b o i l i n g  range d i s t r i b u t i o n  c u r v e s ,  as w e l l  as the ASTM D-86 

d i s t i l l a t i o n  c u r v e s ,  were r e p o r t e d  f o r  each p e t r o l e u m  

l i q u i d  and each c o a l - d e r i v e d  l i q u i d  under  s t u d y .

Compar ison o f  t he  r e s u l t s  o b ta i n e d  f rom t h i s  s t u dy  

has been done w i t h  the  a c t u a l  da ta  o b t a i n e d  f rom Marathon 

O i l  Company l a b o r a t o r i e s  and w i t h  a c t u a l  da ta  o b t a i n e d  

f rom o t h e r  d i s t i l l a t i o n  t e c h n i q u e s .
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INTRODUCTION

The SRC processes  wh i ch  are  used t o  c o n v e r t  coa l  i n t o  

d i s t i l l a t e  p r o d u c t s  i n v o l v e  c o n v e r s i o n  and s e p a r a t i o n  s teps  

t h a t  o p e r a t e  a t  h i gh  t e m p e r a t u r e s  and p r e s s u r e s .  The 

de s i gn  o f  t hese  p r o c e s s i n g  s tep s  f o r  l a r g e - s c a l e  coal  

l i q u i f a c t i o n  p l a n t s  r e q u i r e s  a knowledge o f  the  p h y s i c a l ,  

chemica l  and thermodynamic p r o p e r t i e s  o f  coal  l i q u i d  

f r a c t i o n s .

Coal l i q u i d s  g e n e r a l l y  b o i l  ove r  a ve r y  wide range 

o f  t empe ra tu res  and c o n t a i n  so many chemica l  compounds t h a t  

the  o n l y  p r a c t i c a l  way to  c h a r a c t e r i z e  t h e i r  c o m p o s i t i o n  

i s  t o  f r a c t i o n a t e  the coal  l i q u i d  i n t o  na r row b o i l i n g  c u t s .  

These c u t s  can be s p e c i f i e d  by t h e i r  b o i l i n g  p o i n t  d i s t r i ­

b u t i o n ,  us i ng  such s e p a r a t i o n  t e c h n i q u e s  as d i s t i l l a t i o n ,  

g r a d i e n t  e l u t i o n  c h r o m a t o g r a p h y , ac i d  and base e x t r a c t i o n s ,  

and gel  pe rm ea t i o n  ch roma tography  ( 1 , 2 ) .

Many c o n v e n t i o n a l  l a b o r a t o r y  d i s t i l l a t i o n  methods are 

used to  o b t a i n  t hese  b o i l i n g  p o i n t  d i s t r i b u t i o n s  ( 3 ) .  The 

most  w i d e l y  used methods are  ASTM D-86 and t he  reduced 

p r e s s u r e  e q u i v a l e n t  ASTM D-1160.  D e sp i t e  the f a c t  t h a t  

t hese  methods are  r a p i d  o n e - p l a t e  d i s t i l l a t i o n s ,  and 

cap ab le  o f  f a i r  p r e c i s i o n ,  t he  da ta  o b ta i n e d  bear  l i t t l e  

r e l a t i o n  to  t he  t r u e  b o i l i n g  p o i n t  d i s t r i b u t i o n  o f  the  

sample ( 4 , 5 ) .
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In 1971 an ASTM D-2893 s ta n da rd  method was p u b l i s h e d ;  

t he  method employed a column w i t h  an e f f i c i e n c y  o f  15 

t h e o r e t i c a l  p l a t e s .  However,  t he  a n a l y s i s  t im e  o f  t h i s  

method was found t o  be ve ry  l ong  ( 6 ) .

The d e t e r m i n a t i o n  o f  b o i l i n g  range c h a r a c t e r i s t i c s  

f o r  pe t ro l e um  f r a c t i o n s  o r  c o a l - d e r i v e d  l i q u i d s  by gas 

ch roma tog raphy  has ga ined  r a p i d  accep tance  s i n c e  the 

p u b l i c a t i o n  o f  ASTM D-2887 i n  1973. Th i s  gas ch ro ma to ­

g r a p h i c  method p r o v i d e s  s u p e r i o r  p r e c i s i o n  and more 

d e t a i l e d  i n f o r m a t i o n  than can be ach ieved  us ing  the  two 

c o n v e n t i o n a l  ASTM d i s t i l l a t i o n  methods D-86 and D-1160.

The ASTM D-2887 was found t o  be a p p l i c a b l e  t o  a l l  

pe t r o l e u m  f r a c t i o n s  b o i l i n g  between 100°F and 1000°F 

( 7 ) .

S i m u l a t ed  d i s t i l l a t i o n  i s  a gas c h r o m a to g r a p h i c  

t e c h n i q u e  t h a t  has been a p p l i e d  w i t h i n  t he  pe t ro l eu m 

i n d u s t r y  t o  o b t a i n  t r u e  b o i l i n g  p o i n t  d i s t r i b u t i o n s  f o r  

pe t ro l e um  f r a c t i o n s ,  bu t  t he  t e c h n i q u e  has no t  been 

a p p l i e d  w i d e l y  on c o a l - d e r i v e d  l i q u i d .  In  t h i s  s t u d y , 

t he  s i m u l a t e d  d i s t i l l a t i o n  t e c h n i q u e  i s  used on bo th  

c o a l - d e r i v e d  l i q u i d s  and p e t r o l e um  f r a c t i o n s  t o  see how 

t h i s  method can be a p p l i e d  on c o a l - d e r i v e d  l i q u i d s .

Seve ra l  a u th o rs  have d i sc us sed  f u t u r e  a p p l i c a t i o n s  o f  t he  

s i m u l a t e d  d i s t i l l a t i o n  t e c h n i q u e  ( 8 , 9 ) .
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O b j e c t i v e s  o f  Th i s  Study

The o b j e c t i v e s  o f  t h i s  s t u d y  a r e :

1. To ap p l y  the  s i m u l a t e d  d i s t i l l a t i o n  t e c h n i q u e  us ing  

gas l i q u i d  ch romo tog raphy  i n  o r d e r  t o  de te rm in e  b o i l i n g  

range d i s t r i b u t i o n  da ta  wh i ch  i s  w i d e l y  used f o r  coal  

l i q u i d  c h a r a c t e r i z a t i o n .

2. To f i n d  a l i n k  between the  s i m u l a t e d  d i s t i l l a t i o n  

method and o t h e r  e x p e r i m e n t a l  ASTM d i s t i l l a t i o n  methods.
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P r i n c i p l e s  o f  t he  Simula ted  D i s t i l l a t i o n  Method

When a sample o f  hyd roca rbons  i s  i n j e c t e d  i n t o  a 

s u i t a b l e  n o n - p o l a r  l i q u i d  phase gas ch ro m a to g r a p h i c  ' 

column o f  r e s t r i c t e d  e f f i c i e n c y ,  the  hyd roca rbons  w i l l  

s e p a ra te  i n  b o i l i n g  p o i n t  o r d e r . Th i s  f a c t  i s  t he  b a s i s  

f o r  s i m u l a t e d  d i s t i l l a t i o n .  The column t e m p e r a t u r e  shou ld  

be programmed upward a t  a r e p r o d u c i b l e  r a t e  to  e f f e c t  

t h e  e l u t i o n  o f  t he  sample be ing  u s e d . .  The t e m p e r a tu r e  

programming must s t a r t  be low the  i n i t i a l  b o i l i n g  p o i n t  and 

end a f t e r  t he  sample i s  t o t a l l y  e l u t e d .  f

An a u t o m a t i c  i n t e g r a t i n g  de v i c e  whi ch has t he  capa­

b i l i t y  o f  measur ing peak area s l i c e s  a t  a c e r t a i n  t i m e  

i n t e r v a l  must  be used t o  c o l l e c t  the  r e q u i r e d  d a t a . To 

d e te rm in e  t r u e  b o i l i n g  p o i n t  d i s t r i b u t i o n s ,  an area s l i c e  

program must  be used.  The area s l i c e s  are  a measure o f  

t he  amount o f  the  sample e l u t e d  o r  sep a ra ted  f rom the  

column a t  a c e r t a i n  t ime  i n t e r v a l .  The area o f  each s l i c e  

i s  r e c o r d ed  a t  t imed i n t e r v a l s  t h r o u g h o u t  t he  r u n , and t he  

t o t a l  number o f  peak area s l i c e s  are  summed to  o b t a i n  a 

t o t a l  area c o u n t . Area p e rc en ta g es  are c a l c u l a t e d  f o r  each 

t i m e  i n t e r v a l  i n  o r d e r  to  de te rm in e  t r u e  b o i l i n g  p o i n t  

d i s t r i b u t i o n s  by d i v i d i n g  each area coun t  by t he  t o t a l  

area count  ( 1 0 ) .

A normal  hyd roca rbon  m i x t u r e  s u p p l i e d  by H e w l e t t -  

Packard Company i s  used as a s t a n d a rd  m i x t u r e  t o  g e ne ra te
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t he  c a l i b r a t i o n  cu rve  f rom whi ch  t he  sample b o i l i n g  range 

d i s t r i b u t i o n  can be d e t e r m i n e d .  The s ta n da rd  m i x t u r e  o f  

normal  hyd roca rbons  shou ld  cove r  t he  e n t i r e  b o i l i n g  range 

o f  t he  samples t o  be a n a l y z e d .

The c a l i b r a t i o n  cu rv e  i s  ge ne ra ted  by i n j e c t i n g  t he  

normal  p a r a f f i n  s t a n d a rd  under  i d e n t i c a l  sample c o n d i t i o n s ,  

and t he  area p e r c e n t  da ta  i s  c a l c u l a t e d .  The known b o i l i n g  

p o i n t  o f  each component  i n  t h e  s ta n da rd  m i x t u r e  i s  ass igned  

t o  i t s  r e t e n t i o n  t i m e .  A r e t e n t i o n  t i m e  vs .  b o i l i n g  p o i n t  

can be p l o t t e d  and used t o  c a l c u l a t e  the  b o i l i n g  p o i n t  

d i s t r i b u t i o n s  f o r  t h e  samples under  s t u d y .
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D é f i  ni  t i  on s

I n i t i a l  b o i l i n g  p o i n t  ( IBP)  can be d e f i n e d  as t he  

p o i n t  a t  wh i ch  t he  c u m u l a t i v e  area count  i s  equal  to  0 .5  

p e r c e n t  o f  t he  t o t a l  area under  the  chromatogram.

F i n a l  b o i 1 i ng po i n t  ( FBP) can be d e f i n e d  as t he  p o i n t  

a t  wh i ch  t he  c u m u l a t i v e  area coun t  i s  equal  t o  99 .5  p e rc e n t  

o f  the  t o t a l  area under  t he  ch roma tog ram.

R e t e n t i o n  t ime  i s  t he  t i me  a component  can t a ke  f o r  a 

comp le te  e l u t i o n ,  and i t  can be measured f rom i n j e c t i o n  to  

t he  apex o f  the component ' s  peak.
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Gas Chromatography

Gas chroma tog raphy  i s  a p h y s i c a l  s e p a r a t i o n  o f  two o r  

more components based on t h e i r  d i f f e r e n t i a l  d i s t r i b u t i o n  

between two phas es . One o f  them i s  a s t a t i o n a r y  phase 

and the  o t h e r  i s  a gas phase ( 1 1 ) .

The ch roma tograph  employs a c a r r i e r  gas o r  m o b i l e  

phase under  p r e s s u r e  t o  move a vapor  sample f rom the  

i n j e c t i o n  p o r t  t h r o u g h  a s t a t i o n a r y  phase where s e p a r a ­

t i o n  t ake s  p l a c e ,  t o  a d e t e c t o r  where the  sample i s  

c o n v e r t e d  to  an e l e c t r i c a l  s i g n a l . The s i g n a l  i s  then 

measured by t he  s t r i p  c h a r t  r e c o r d e r  ( 1 2 ) .  Bas i c  

components o f  a gas ch roma tograph  are  shown i n  F i g u r e  1.
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I n s t r u m e n t  D e s c r i p t i o n  used f o r  S imu la ted  D i s t i l l a t i o n  

A H e w l e t t - P a c k a r d  5710 A gas chroma tograph  was used 

f o r  a l l  samples f o r  wh i ch  s i m u l a t e d  d i s t i l l a t i o n  was 

r e q u i r e d .  A b r i e f  d e s c r i p t i o n  f o r  each component  o f  the  

gas ch roma tograph  f o l l o w s :

Column

The column i s  t h e  most  i m p o r t a n t  p a r t  i n  any gas 

ch r oma tog ra ph ,  and i t  i s  composed o f  t h r e e  e l em en ts :  the

meta l  o r  g l a s s  t u b i n g ,  t he  s o l i d  s u p p o r t ,  and t he  s t a t i o n ­

a r y  phase.

The metal  o r  g l a s s  t u b i n g  does no t  a f f e c t  t he  chroma­

t o g r a p h i c  s e p a r a t i o n ;  common m a t e r i a l s  used are  s t a i n l e s s  

s t e e l ,  copper  o r  g l a s s .  Most gas c h r o m a to g r a p h i c  columns 

are  made o f  s t a i n l e s s  s t e e l  because o f  t he  c o m b i n a t i o n  o f  

d e s i r a b l e  p r o p e r t i e s  i t  p r o v i d e s .  Two s t a i n l e s s  s t e e l  

GC columns have been used i n  t h i s  s t udy  ; each column was 

1/4 i nch  i n  d i a m e te r  and 3 f e e t  l o n g .  The two columns 

were packed w i t h  100/200 mesh chromosorb 1 W 1 coa ted  w i t h  

10 p e r c e n t  UCW 982 l i q u i d  phase.  The gas chroma tograph  

was o p e ra te d  under  t he  d i f f e r e n t i a l  mode t o  compensate f o r  

base l i n e  d r i f t  ( 1 2 , 1 3 ) .
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D e t e c t o r

E i t h e r  a t he rma l  c o n d u c t i v i t y  o r  a f l ame  i o n i z a t i o n  

d e t e c t o r  can be used f o r  t h i s  k i nd  o f  a n a l y s i s .  A f l am e  

i o n i z a t i o n  d e t e c t o r  has been used i n  t h i s  s t u d y .  The 

o p e r a t i n g  p r i n c i p l e  o f  t he  FID can be summarized as 

f o l l o w s :  when t he  e f f l u e n t  gas f rom the  column i s  mixed

w i t h  hydrogen and burned i n  a i r  o r  oxygen,  i ons  o r  

charged p a r t i c l e s  are p r o d u c e d . These i ons  e n t e r  the  

e l e c t r o d e  ga p , and decrease t he  gap r e s i s t a n c e ;  t hus  a 

c u r r e n t  i s  p e r m i t t e d  to f l o w  i n  t he  e x t e r n a l  c i r c u i t  and 

t h i s  c u r r e n t  i s  a m p l i f i e d  by an e l e c t r o m e t e r .

The FID i s  a s e l e c t i v e  u n i t  i n  t he  GC. I t  w i l l  

respond o n l y  t o  t he  m a t e r i a l s  wh i ch produce i ons  when 

t h e y  are  b u r n e d . I t  i g n o re s  many compounds such as w a t e r , 

n i t r o g e n ,  and carbon d i o x i d e .  S e l e c t i v i t y  i s  a ve r y  

d e s i r a b l e  t h i n g ,  and aqueous samples can be ana l yzed  us ing  

FID w i t h o u t  a huge s o l v e n t  peak e l u t i n g  i n  t he  f i r s t  p a r t  

o f  t he  chromatogram.  The FID pe r f o rmance  depends on t he  

p r ope r  c h o i c e  o f  gas f l o w  r a t e s ,  and t he  response o f  t he  

FID i s  a s e n s i t i v e  f u n c t i o n  o f  hydrogen f l o w  r a t e . In 

g e n e r a l ,  good s e n s i t i v i t y  and s t a b i l i t y  are  o b t a i n e d  w i t h  

a hydrogen f l o w  r a t e  o f  30 m l / m i n ,  a i r  f l o w  r a t e  o f  300 

m l / m i n ,  and c a r r i e r  gas f l o w  r a t e  o f  40 m l / m in .
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Sample I n l e t  System

The l i q u i d  samples must  be i n t r o d u c e d  c l e a n  i n t o  t he  

moving gas s t ream a t  a p r e s s u r e  and t e m p e r a t u r e  above t he  

amb ien t  t h r o u g h  t h e  septum and i n j e c t i o n  p o r t .  The 

i n j e c t i o n  p o r t  i s  a meta l  b l o c k  c o n t a i n i n g  h e a t e r s , w i t h  a 

septum h o l d e r  on t h e  f r o n t  and a c o n n e c t i o n  f o r  t he  column 

on t h e  r e a r .  There i s  a c a p i l l a r y  g l a s s  t ube  i n s i d e  the  

i n j e c t i o n  p o r t  i n  wh i ch  t he  c a r r i e r  gas i s  p r e h e a te d .  The 

i n j e c t e d  sample i s  f l a s h  v a p o r i z e d  i n  the  i n j e c t i o n  p o r t  

and i t  en te re d  t he  c a r r i e r  gas f l o w .  The p r i m a r y  purpose 

o f  the  i n j e c t i o n  p o r t  i s  t o  c o n v e r t  the  l i q u i d  sample i n t o  

a vapor  phase . T h i s  p rocess  r e q u i r e s  t h a t  t h e  i n j e c t i o n  

p o r t  be heated so t h a t  the  sample i s  f l a s h  v a p o r i z e d  as 

q u i c k l y  as i t  i s  i n j e c t e d  by t he  s y r i n g e .  I t  i s  recom­

mended t h a t  the  i n j e c t i o n  p o r t  t e m p e r a tu r e  be above the  

b o i l i n g  p o i n t  o f  t he  h i g h e s t  component  i n  t he  samp le ,  bu t  

nobody can p r e d i c t  what  t h i s  b o i l i n g  p o i n t  i s ,  o r  even 

what  the  h i g h e s t  b o i l i n g  component  i s .  So t he  i n j e c t i o n  

p o r t  t e m p e r a t u r e  can be s e t  t o  a h i g h e r  t e m p e r a t u r e  o r  max­

imum t e m p e r a t u r e  o f  t he  column ( 1 4 , 1 5 ) .

I n t e g r a t o r

The i n t e g r a t o r  i s  an a u t o m a t i c  d e v i c e  whi ch  was used 

t o  measure t h e  accumu la ted  area under  t he  ch r oma tog ra m, as 

w e l l  as t h e  r e t e n t i o n  t i m e  a t  t h e  s p e c i f i e d  t i m e  i n t e r v a l s
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f o r  t he  samples whose s i m u l a t e d  d i s t i l l a t i o n  i s  r e q u i r e d .

A H e w l e t t  Packard 3385 A a u t o m a t i c  i n t e g r a t o r  was used i n  

t h i s  s t u d y .  Th i s  d e v i c e  was a l s o  used to  d e te rm in e  the  

r e t e n t i o n  t im e  f o r  each component  i n  t he  c a l i b r a t i o n  : 

m i x t u r e  t o  c o n s t r u c t  t h e  c a l i b r a t i o n  c u r v e .

Recorder

A s t r i p  c h a r t  r e c o r d e r  was used f o r  t h e  q u a l i t a t i v e  s t u d i e s  

o n l y ,  as i n  t h e  d e t e r m i n a t i o n  o f  t he  r e t e n t i o n  t i me  o f  the  

s ta n d a rd  m i x t u r e .  The s t r i p  c h a r t  i s  d i v i d e d  i n t o  i n c h e s ,  

and i t s  speed can be r e g u l a t e d  t o  move a t  1 .0  m i n / i n c h  or  

0 .25 m i n / i n c h .
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I n s t r u m e n t  O p e r a t i o n  and O p e r a t i  ng C o n d i t i o n s

In o r d e r  t o  o b t a i n  c o r r e c t  t r u e  b o i l i n g  p o i n t  d a t a ,  

t h e  s t a n d a r d  and each sample must have i d e n t i c a l  o p e r a t i n g  

c o n d i t i o n s .  The ch roma tograph i s  t e m p e r a t u r e  programmed 

i m m e d i a t e l y  a f t e r  sample i n j e c t i o n  i n t o  t he  GC column.  The 

i n i t i a l  column t e m p e r a t u r e  was s e l e c t e d  t o  be - 2 0 ° C .

Carbon d i o x i d e  l i q u i d  was used as a c o o l a n t  medium to  b r i n g  

the  column t e m p e r a t u r e  down to  - 2 0 ° C . T h i s  t e m p e r a tu r e  i s  

he ld  c o n s t a n t  f o r  two m i n u t e s ,  then  t he  column t e m p e r a tu re  

i s  i n c r e a s e d  a t  a r e p r o d u c i b l e  r a t e  o f  8 ° /m in  u n t i l  t he  

t e m p e r a t u r e  reaches 360°C; and f i n a l l y  t h i s  t e m p e r a t u r e  i s  

he ld  c o n s t a n t  f o r  some t ime  u n t i l  t he  e n t i r e  sample i s  

t o t a l l y  e l u t e d .  As t he  t e m p e r a t u r e  programming t akes  p l a c e ,  

t h e  area s l i c e  measurements us i ng  the  a u to m a t i c  i n t e g r a t o r  

must  be re c o r d e d .  The a u t o m a t i c  i n t e g r a t o r  s t a r t s  area 

s l i c e  measurement  a f t e r  0 .5  m inu tes  o f  sample i n j e c t i o n .

The area s l i c e  summat ions a re  taken  a t  0 .5  m i nu te  i n c r e ­

ments u n t i l  summat ion ends a f t e r  the sample i s  t o t a l l y  

e l u t e d .  The gas c h r o m a to g r a p h i c  c o n d i t i o n s  and column 

s p e c i f i c a t i o n s ,  as w e l l  as gas f l o w  r a t e s ,  a re  shown on 

Tab le  1.
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TABLE 1

GAS CHROMATOGRAPH OPERATING CONDITIONS

Chromatograph:  HP 5710 A Gas Chromatograph 
I n j e c t i o n  p o r t  t e m p e r a t u r e  300°C
D e t e c t o r  t e m p e r a t u r e  350°C
I n i t i a l  oven t e m p e r a t u r e  
Time a t  i n i t i a l  t e m p e r a t u r e  
Hea t i ng  r a t e  
F i n a l  oven t e m p e r a t u r e  
D e t e c t o r  
Column l e n g t h  
Column d i a m e te r  
L i q u i d  phase
Suppo r t  mesh s i z e  and m a t e r i a l  
Sample s i z e  
Hel ium f l o w  r a t e  
A i r  f l o w  r a t e  
Hydrogen f l o w  r a t e  
I n t e g r a t o r  s l op e  s e n s i t i v i t y

-20°C
2 min
8 deg C/min 

360°C
Flame i o n i z a t i o n  d e t e c t o r

3 f e e t  
1/4 i nch
10% UCD-W982
100/120 mesh chromosorb  W 

lp&
60 m l /m in  

240 m l /m in  
30 m l /m in  

0.05
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I n s t r u m e n t  C a l i b r a t i o n

The most  i m p o r t a n t  s t ep  o f  the  s i m u l a t e d  d i s t i l l a t i o n  

method i s  i n s t r u m e n t  c a l i b r a t i o n .  The c a l i b r a t i o n  was done 

by i n j e c t i n g  a known b o i l i n g  p o i n t  m i x t u r e ,  ( s u p p l i e d  by 

H e w l e t t - P a c k a r d  and c o n t a i n i n g  n i n e te e n  normal  p a r a f f i n  

components ) ,  and r e c o r d i n g  t he  r e t e n t i o n  t imes  o f  t he  

v a r i o u s  components i n  t h i s  s t a n d a rd  m i x t u r e .  The o p e r a t ­

i ng  c o n d i t i o n s ,  t he  i n j e c t i o n  p o r t  t e m p e r a t u r e , t he  

d e t e c t o r  t e m p e r a t u r e ,  and t he  gas f l o w  r a t e s  must  be 

i d e n t i c a l  t o  t he  o p e r a t i n g  c o n d i t i o n s  used f o r  a l l  samples 

under  s tu d y .  The re co r de d  r e t e n t i o n  t imes  o b t a i n e d  f rom 

the normal  p a r a f f i n  m i x t u r e s  vs .  the  known b o i l i n g  p o i n t s  

o f  each component are  p l o t t e d  on a l i n e a r  graph t o  r e l a t e  

t i me  f rom i n j e c t i o n  t o  t he  a c t u a l  b o i l i n g  p o i n t  o f  each 

component  i n  t he  m i x t u r e .  Th i s  c a l i b r a t i o n  cu rv e  i s  shown 

i n  F i g u r e  2, and the  da ta  o b t a i n e d  t o  c o n s t r u c t  t h i s  c a l i ­

b r a t i o n  i s  shown i n  Tab le  2.

Many gas c h r o m a to g r a p h i c  runs were made on t he  s ta n da rd  

m i x t u r e  f o r  two purposes : f i r s t ,  t o  check t he  r e p r o d u c i ­

b i l i t y  o f  t he  system by o b t a i n i n g  c o n c e n t r a t i o n  da ta  o f  t h i s  

s t a n d a rd  m i x t u r e ,  and s e c o n d , t o  compare t h i s  da ta  w i t h  t he  

a c t u a l  c o n c e n t r a t i o n  da ta  o b t a i n e d  f rom H e w l e t t  Packard 

Company. The a c t u a l  c o n c e n t r a t i o n  da ta  and t he  c a l c u l a t e d  

c o n c e n t r a t i o n  f rom the  gas c h r om o t rg ra ph  are  compared and 

r e p o r t e d  i n  Tab les  3 and 4.
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TABLE 2

RETENTION TIMES AND BOILING POINTS FOR THE 
NORMAL PARAFFIN HP STANDARD MIXTURE

R e t e n t i o n  T i m e , *  B o i l i n g  P o i n t
Carbon No.  Min____________________  2E_______

5 6 .12  97

6 9 .29  156

7 11.99 209

8 14.43 258

9 16.67 303

10 18.68 345

11 20 .69 385

12 22 .39  421

14 25 .74  488

15 27 .29 519

16 28 .71 548

17 30 .09 576

18 31 .39 602

20 33 .78  651

24 37 .98  736

28 41 .56  809

32 44 .69  874

36 47 .47 928

40 49 .97  977

*The r e t e n t i o n  t i m e  i s  t h e  average o f  a t  l e a s t  t h r e e  r u n s .
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TABLE 3

CONCENTRATIONS OF THE VARIOUS COMPONENTS IN THE 
NORMAL PARAFFIN HP STANDARD MIXTURE

No. B .P t  °F Vol urne, ml W e ig h t ,  g Weigh t  p e r c e n t

97 30 - 8.562

156 7.5 - 2.253

209 15 - 4.669

258 15 - 4.795

303 15 - 5.100

345 30 - 9.963

385 15 - 5.050

421 60 - 20.425

488 30 - 10.404

519 15 - 5.239

548 30 - 10.547

576 15 - 5.304

602 - 5 2.262

651 - 3 1.357

736 - 2 0.905

809 - 2 0.905

874 - 2 0.905

928 - 2 0.905

977 _ 1 0.452
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TABLE 4

COMPARISON BETWEEN THE CONCENTRATION OBTAINED FROM THIS 
STUDY AND THE CONCENTRATION OBTAINED FROM HP FOR THE 

NORMAL PARAFFIN HP STANDARD MIXTURE

A c tu a l  C o n c e n t r a t i o n  C a l c u l a t e d  Con cen t r a -  
Carbon No.  Wt %_________  t i o n ( t h i s  s t udy)Wt .%

5 8.562 8 .575

6 2.253 2.443

7 4 .669 4 .799

8 4 .795 4 .386

9 5.100 4.755

10 9 .963 9.773

11 5 .050 4.873

12 20.425 20.777

14 10.404 10.830

15 5.239 5.240

16 10.547 10.767

17 5.304 5.304

18 2.262 2.191

20 1.357 1.338

24 0.905 0.877

28 0 .905 0.899

32 0.905 0 .880

36 0 .905 0.923

40 0.452 0.387
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SAMPLE LIST

The c o a l - d e r i v e d  l i q u i d s  used i n  t h i s  s t u d y  were 

produced by one o f  t h r e e  p r oce sse s :  c h a r - o i 1 energy

deve lopmen t  (COED), s y n t h o i l  o r  s o l v e n t  r e f i n e d  coal  

(SRC). A comple te  l i s t i n g  o f  a l l  samples s t u d i e d  and a 

b r i e f  d e s c r i p t i o n  i s  g i ve n  be low:

1. Eugene I s l a n d  Wel l

2. ASTM Re fe rence  Gas O i l  L i q  #1

3. 1046 Naphtha

4. SRC 11-500 Cut

5. SRC 11-600 Cut

6. SRC I -  Naphtha

7. 1878 1 M i d d l e  D i s t i l l a t e

8. Utah L i g h t  D i s t i l l a t e

9. Western Kentucky  L i g h t  D i s t i l l a t e  

10. S y n t h o i l

Samp!e D e s c r i p t i o n s

The Eugene I s l a n d  w e l l  and ASTM r e f e r e n c e  gas o i l  

samples are  two p e t r o l e um  f r a c t i o n s  ; t hey  were s u p p l i e d  

by Marathon L a b .

The SRC 11-500 and SRC 11-600 c u t s  a re  nar row b o i l i n g  

range d i s t i l l a t i o n  c u t s .  The two cu t s  a re  f rom G u l f  

Research and Development  Company.
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The wes t e r n  Kentucky  l i g h t  d i s t i l l a t e  i s  o b t a i n e d  

f rom d i s t i l l a t i o n  pe r f o rmed on wes te rn  Kentucky  who le  o i l ,  

wh i ch  i s  a sync rude  produced by t he  COED process  a t  t he  

P&M DuPont ,  Wash ing ton ,  p l a n t .

The Utah l i g h t  d i s t i l l a t e  i s  a c o a l - d e r i v e d  l i q u i d  

produced a f t e r  d i s t i l l a t i o n  was pe r f o rmed on t h e  whole o i l .  

The o r i g i n a l  o i l  was r e c e i v e d  f rom P&M and produced by t he  

COED process  under  c e r t a i n  c o n d i t i o n s  us ing  a Utah c o a l .

The SRC-I naphtha i s  a d i s t i l l a t e  r e c e i v e d  f rom P&M.

I t  came f rom a whole o i l  made by t he  SRC process  on a 

Kentucky  c o a l .  The SRC process  uses a p r e s s u r e  o f  1260 ps ig  

and a t e m p e r a t u r e  o f  455 °C.

Both 1046 naphtha and ' 8 7 8 '  m i d d l e  d i s t i l l a t e s  a re  

d i s t i l l a t e s  f rom o i l s  o b t a i n e d  by t he  SRC I I  p r oc es s .

The o r i g i n a l  s y n t h o i l  was produced by P&M by the  

s y n t h o i l  p r oc es s .  T h i s  p rocess  i s  c a r r i e d  o u t  i n  a f i x e d  

bed r e a c t o r  w i t h  a 35% coal  s l u r r y .  The s l u r r y  f l o w s  a t  

25 l b / h r  under  a p r e s s u r e  o f  4000 ps ig  and t e m p e r a t u r e  o f  

450 °C. The s l u r r y  i s  made f rom a West V i r g i n i a  c o a l .

To ge t  t he  s y n t h o i l  l i g h t ,  t he  o i l  i s  d i s t i l l e d  by a 

p rocess  s i m i l a r  t o  t h a t  used t o  o b t a i n  t he  wes te rn  

Kentucky  l i g h t .
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Ex pe r i me n ta l  Procedure  :

The e x p e r i m e n t a l  p r oce du re  used t o  ge ne r a te  t r u e  

b o i l i n g  p o i n t  d i s t r i b u t i o n s  f o r  t he  samples under  s tu d y  

can be summar ized a c c o r d i n g  t o  the  f o l l o w i n g  s t e p s :

Step _1

The Gas Chroma tog raph i c  column must  be c o n d i t i o n e d  

and i t  shou ld  be i n  a f r e s h  c o n d i t i o n  b e fo r e  any a n a l y s i s  

can be done,  then  the  f l o w  r a t e  o f  t he  c a r r i e r  gas wh i ch  

passes t h r o u g h  t he  column and the  d e t e c t o r  j e t s  must  be 

measured us ing  t he  soap f i l m  f l o w  meter  and a s top  wa tch .  

Th i s  p rocess  must  be done b e f o r e  t u r n i  ng any t e m p e r a t u r e  

s w i t c h  on,  t o  av o id  any e r r o r  i n  t he  f l o w  r a t e  due to  gas 

ex pa ns i on .

Step 2

The i n j e c t i o n  p o r t ,  d e t e c t o r ,  and oven t e m p e r a tu re s  

shou ld  be t u r n e d  on a t  t he  d e s i r e d  s e t t i n g s ,  as ment i oned 

i n  Tab le  1. A l so  the  hydrogen and a i r  f l o w  r a t e s  must be 

a d j u s t e d  to  t he  p r op e r  r a t i o s , which are  dependent  upon t he  

c a r r i e r ' s  gas f l o w  r a t e  and column s p e c i f i c a t i o n s .  Then 

t he  f l a m e  i o n i z a t i o n  d e t e c t o r  shou ld  be i g n i t e d  by p r e s ­

s i n g  t he  i g n i t o r  f o r  a few seconds ove r  t he  d e t e c t o r  

e x i t  v e n t . The appearance o f  c on d e n s a t i o n  on a g l a s s  

m i r r o r  when he ld  c l o s e  t o  t h e  d e t e c t o r  e x i t  i s  an i n d i c a ­

t i o n  t h a t  t he  f l ame  i s  l i t .
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Step _3

The column must  be co o l ed  down to  t he  s t a r t i n g  t e m per a ­

t u r e  by l o w e r i n g  t he  oven t e m p e r a t u r e  t o  -20°C us ing  carbon 

d i o x i d e  l i q u i d  a t  t he  ex a c t  t i m e  t he  d e s i r e d  volume o f  t he  

sample i s  i n j e c t e d ,  us i ng  a 10 pL s y r i n g e .  Im m e d i a t e l y ,  

t he  t e m p e r a t u r e  programming must  be s t a r t e d  upward a t  t he  

d e s i r e d  r a t e  t h a t  w i l l  p roduce sample s e p a r a t i o n .

Step 4̂

The r e c o r d e r  c h a r t  d r i v e  and t he  a u t o m a t i c  i n t e g r a t o r  

a l s o  must  be t u r n e d  on i m m e d i a t e l y  a f t e r  i n j e c t i n g  the  

sample.  As soon as t he  column t e m p e r a t u r e  s t a r t s  t o  i n c r e a s e ,  

t he  s e p a r a t i o n  w i l l  t a k e  p l a ce  a t  t he  s e l e c t e d  s e n s i t i v i t y .

The s e p a r a t i o n  i s  d e t e c t e d  by t he  d e t e c t o r  and re co rd e d  i n  

t he  fo rm o f  peaks.  The a u t o m a t i c  i n t e g r a t o r  w i l l  i n t e g r a t e  

the  area under  t he  chromatogram c o n t i n u o u s l y  a c c o r d i n g  to  an 

area s l i c e  program s e l e c t e d  b e f o r e  sample i n j e c t i o n .  The 

i n t e g r a t i o n  must  s t a r t  a f t e r  i n j e c t i o n  and must  end as t he  

sample i s  t o t a l l y  e l u t e d ,  wh i ch i s  i n d i c a t e d  by re a c h i n g  

a s teady  base l i n e .  The a u t o m a t i c  i n t e g r a t o r  w i l l  q u i t  

i n t e g r a t i o n  a u t o m a t i c a l l y  o r  ma nu a l l y  a t  t he  end o f  the  

r u n .

Step 5

A t  t h e  end o f  t h e  r u n , t h e  a u t o m a t i c  i n t e g r a t o r  w i l l

p r i n t  a r e p o r t  i n d i c a t i n g  t h e  r e t e n t i o n  t i m e  i n t e r v a l s ,

c u m u l a t i v e  a rea  c o u n t s ,  and a rea  p e r c e n t a g e s . The a rea
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pe rce n t ag es  were o b t a i n e d  a u t o m a t i c a l l y  by d i v i d i n g  the  

c u m u l a t i v e  area coun t  a t  each i n t e r v a l  by t he  t o t a l  

c u m u l a t i v e  area c o u n t s . The p e rc e n t  o f  sample d i s t i l l e d  

o r  r e c o v e r e d  a t  any t im e  i n t e r v a l  i s  e q u i v a l e n t  t o  the  

c u m u l a t i v e  area p e r c e n t  a t  t he  same t ime i n t e r v a l .  The 

c u m u l a t i v e  area pe rc en tag es  were found by summing the  

area pe rcen tages  c o r r e s p o n d i n g  t o  each t i m e  i n t e r v a l  .

The i n i t i a l  b o i l i n g  p o i n t  can be found c o r r e s p o n d i n g  to  

0 .5  p e r c e n t  o f  c u m u l a t i v e  a r e a ,  and t h e  f i n a l  b o i l i n g  

p o i n t  can be found c o r r e s p o n d i n g  to 99.5 p e r c e n t  o f  cumu­

l a t i v e  area ( 1 6 , 1 7 ) .

Step 6̂

The c u m u l a t i v e  area pe rce n ta g e  or  the  p e r c e n t  d i s t i l l e d  

f o r  each sample a t  each t i me  i n t e r v a l  can be t a b u l a t e d  and 

t he  b o i l i n g  t e m p e r a t u r e  can be ass igned  t o  t h a t  t i m e  i n t e r ­

val  f rom the  c a l i b r a t i o n  cu rv e  ( F i g .  2 ) .

T h e r e f o r e , t he  t r u e  b o i l i n g  p o i n t  d i s t i l l a t i o n  data 

can be found f o r  each sample,  and a TBP d i s t r i b u t i o n  curve  

f o r  each sample can be c o n s t r u c t e d  by p l o t t i n g  each b o i l i n g  

t e m p e r a t u r e  a g a i n s t  i t s  c o r r e s p o n d i n g  p e r c e n t  o f  sample 

d i s t i l l e d  or  r e c o v e r e d .
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Compar ison o f  S i m u l a t ed  D i s t i l l a t i o n  Data

The Marathon Research Lab i n  Denver d i d  a s i m u l a t e d  

d i s t i l l a t i o n  on t he  Eugene I s l a n d  w e l l  and t he  ASTM 

Refe rence  gas o i l  samples i n  o r d e r  to  o b t a i n  TBP d i s t r i ­

b u t i o n  d a t a . The s i m u l a t e d  d i s t i l l a t i o n  has been done 

on t hes e  two pe t r o l e u m  f r a c t i o n s  by t h i s  s t udy  i n  o r d e r  

t o  no te  t he  o v e r a l l  ac cu rac y  o f  t he  s i m u l a t e d  d i s t i l l a t i o n  

method.  The TBP d i s t r i b u t i o n  data o b t a i n e d  i s  compared 

w i t h  t he  TBP d i s t r i b u t i o n  data f rom Marathon La b . The 

compar ison o f  t he  r e s u l t s  i s  shown i n  Tab les  5 and 6. I t  

shou ld  be no ted t h a t  t he  Marathon data and the  da ta  o b t a i n e d  

f rom t h i s  s t u d y  a re  c a l c u l a t e d  a c c o r d i n g  t o  t he  same s ta n da rd  

whi ch  i s  t he  normal  p a r a f f i n  m i x t u r e ,  a f a c t  t h a t  does no t  

cause any d i s c r e p a n c i e s  between t he  two data se t s  exce p t  

i n  t he  i n i t i a l  and f i n a l  b o i l i n g  p o i n t s .  The Marathon 

s i m u l a t e d  d i s t i l l a t i o n  data i s  more a c c u r a t e  i n  o b t a i n i n g  

t he  i n i t i a l  and f i n a l  b o i l i n g  p o i n t s  because o f  us i ng  l o w e r  

b o i l i n g  p o i n t  normal  p a r a f f i n  compounds i n  a d d i t i o n  t o  t he  

normal  p a r a f f i n  s t a n da rd  ; hence,  t he  c a l i b r a t i o n  cu rve  can 

be ex tended t o  i n c l u d e  l owe r  b o i l i n g  p o i n t s .

The Hauser l a b o r a t o r i e s  i n  B ou ld e r  d i d  t he  s i m u l a t e d  

d i s t i l l a t i o n  on SRC 11-60 0 ,  SRC 11-500 m i d d l e  d i s t i l l a t e s  

and 1046 N ap h th a . The TBP d i s t r i b u t i o n s  o b t a i n e d  are  

compared w i t h  t he  SIMDIS TBP d i s t r i b u t i o n s  f rom t h i s  s t u dy  

f o r  each sample.  The compar i sons  are  i n  t he  fo rm o f  curves
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and da ta  p o i n t s  and t h e y  a re  shown i n  F i g u r e s  5 , 6 , 7  and 

Tab les  7 , 8 , 9 .  The s i m u l a t e d  d i s t i l l a t i o n  TBP da ta  f o r  

bo th  t h e  1046 Naphtha and t h e  SRC 11-600 sample does no t  

g i v e  good agreement  w i t h  t h e  TBP data o b t a i n e d  f rom Hauser 

L a b . A p o s s i b l e  reason f o r  t h i s  d i s c r e p a n c y  i s  the  

i n c r e a s e d  amounts o f  h e t e r o a t o m i c  and a r o m a t i c  compounds 

i n  such c o a l - d e r i v e d  l i q u i d s .  The SIMDIS TBP data f o r  

SRC 1 1-500 sample i s  s l i g h t l y  h i g h e r  than  the  TBP data f rom 

Hauser  Lab . The d i f f e r e n c e  between t he  two da ta  p o i n t s  

does no t  exceed 10 degrees .

The ASTM D-86 d i s t i l l a t i o n  was pe r f o rmed on 1046 

N a p h t ha , SRC - 1 N a p h t h a , " 8 7 8 " m i d d l e  d i s t i l l a t e ,  w es te rn  

Kentucky  l i g h t  d i s t i l l a t e ,  Utah l i g h t  d i s t i l l a t e  and 

s y n t h o i l  samples a t  Co lo rado School  o f  M ines .  The a c t u a l  

ASTM D-86 d i s t i l l a t i o n s  o b t a i n e d  was r e p o r t e d  by sev e ra l  

a u t h o r s  ( 1 8 , 1 9 , 2 0 ) .  The s i m u l a t e d  d i s t i l l a t i o n  t e c h n i q u e  

was used on t he  same samples .  The SIMDIS TBP r e s u l t s  are  

r e p o r t e d  and c o n v e r t e d  t o  t he  ASTM D-86 d i s t i l l a t i o n  data 

us i n g  t h e  c o r r e l a t i o n  i n  t h e  API T e c h n i c a l  Data Book ( 2 1 ) .  

The c o n v e r t e d  o r  c a l c u l a t e d  ASTM D-86 d i s t i l l a t i o n s  are  

compared w i t h  t h e  a c t u a l  ASTM D-86 d i s t i 1 a 11 io ns  . The 

compar i sons  are  i n  t h e  form o f  cu rves  and da ta  p o i n t s .

These compar i sons  a re  i l l u s t r a t e d  i n  F i g u re s  3 t h r o u g h  13 

and Tab les  10 t h r o u g h  15.
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From these  com par i so ns ,  i t  i s  obv ious  t h a t  the  

s i m u l a t e d  d i s t i l l a t i o n  d i s t r i b u t i o n s  have h i g h e r  b o i l i n g  

p o i n t s  than  the  ASTM d i s t i l l a t i o n  d i s t r i b u t i o n s .  Th i s  

b e h a v i o r  can be caused by t he  h i g h e r  a r o m a t i c  and h e t e r o -  

atomi  c c o n t e n t s  wh i ch  such coa l  l i q u i d s  have compared 

w i t h  a p e t r o l e u m  f r a c t i o n  o f  the  same b o i l n g  p o i n t  r a n g e . 

A no th e r  reason f o r  da ta  d e v i a t i o n  m igh t  be caused f rom 

the  GLC-s imu 1ated d i s t i l l a t i o n  ap pa r a tus  whi ch was de­

s i gn ed  f o r  mass p r o d u c t i o n  a n a l y s i s  o f  p e t r o l e um  samples.  

C o n s e q u e n t l y ,  the  s i m u l a t e d  d i s t i l l a t i o n  r e s u l t s  were ve ry  

poor  as compared w i t h  o t h e r  d i s t i l l a t i o n s  such as ASTM D-86 

d i s t i l l a t i o n  whi ch i s  based on v o l u m e t r i c  a n a l y s i s .
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TABLE 5

COMPARISON OF SIMDIS TBP DISTRIBUTION WITH TBP DISTRIBUTION 
DONE BY MARATHON LAB FOR EUGENE ISLAND WELL

Perc en t  TBP °F TBP °F
D i s t i l l e d  SIMDIS Marathon Lab.

IBP 90 10

10 220 221

20 293 286

30 368 348

40 432 424

50 490 488

60 552 548

70 612 606

80 6.78 672

90 752 745

FBP 904 895
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oo

e  SIMDIS

▲ SIMDIS from 
Marathon Lab

Trn m  n r rm  11 ! m m  11 m  111 ; i n T n  1111 n  11 : m  m i  111 m  ! 11 r iTi  i n  ri n n  n Tr m  1111 r 1111 n 1111 n 
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PERCENT DISTILLED

F i g .  3 COMPARISON OF SIMDIS TBP DISTRIBUTION WITH

SIMDIS TBP DISTRIBUTION FROM MARATHON LAB.
FOR EUGENE ISLAND WELL
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TABLE 6

COMPARISON OF SIMDIS TBP DISTRIBUTION WITH THE TBP 
DISTRIBUTION DONE BY MARATHON LAB FOR ASTM REFERENCE

GAS OIL #1

P e rc e n t  TBP °F TBP °F From
D i s t i l l e d  SIMDIS Marathon Lab

IBP 225 238

10 340 336

20 435 429

30 505 496

40 555 548

50 595 594

60 732 629

70 672 669

80 710 709

90 760 759

FBP 882 887
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SIMDIS

SIMDIS f rom 
Marathon Lab.

i iT TTTTTn nrm Tm m  rrm TTTTrn  nm  rpi i rrn i m n i m 1111111 in i nun r u m  m rm  11 n i m 111 ! 
b 10 20 30 40  50 60 70 80 90 100

PERCENT DISTILLED

F i g  4.  COMPARISON OF SIMDIS TBP DISTRIBUTION WITH
SIMDIS TBP DISTRIBUTION FROM MARATHON LAB

FOR ASTM REFERENCE GAS OIL #1
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TABLE 7

COMPARISON OF SIMDIS TBP DISTRIBUTION WITH TBP 
: FROM HAUSER LAB FOR 1046 NAPHTHA

P er c e n t  TBP °F TBP °F f rom
Di s t i l 1ed SIMDIS Hauser Lab.

IBP 128 60

10 186 170

20 220 185

30 245 215

40 265 230

50 275 250

60 310 275

70 328 310

80 347 325

90 378 355

FBP 470 410
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#  SIMDIS

A  SIMDIS f rom 
Hauser L a b .

Ti i T n T n T i i n i i i i i n r i T T n i n i i i i m i n i i i i m i i i i i i n i m i M u i i i m -iTT n T m i i i i T i i n i n r n i i i i i n  
10 20 30 40  50 60 70 80 90 100

PERCENT DISTILLED
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TABLE 8

COMPARISON OF SIMDIS TBP DISTRIBUTION WITH TBP 
DISTRIBUTION FROM HAUSER LAB FOR SRC 11-500 CUT

Percen t  TBP °F TBP °F f rom
D i s t i l l e d  SIMDIS Hauser  Lab.

IBP 367 355

10 425 425

20 450 445

30 470 460

40 486 475

50 500 490

60 513 505

70 525 515

80 545 530

90 570 - 545

100 625 580
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LAB FOR SRC 11- 500  CUT



T - 2 6 5 0 36

TABLE 9

COMPARISON OF SIMDIS TBP DISTRIBUTION WITH TBP DISTRIBUTION 
FROM HAUSER LAB FOR SRC 11-600 CUT

P erc en t  TBP °F TBP °F
D i s t i l l e d  SIMDIS Hauser Lab

IBP 485 490

10 548 535

20 568 540

30 580 555

40 596 565

50 605 575

60 612 580

70 618 590

80 628 595

90 648 605

FBP 700 660
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T - 2 6 5 0 38

TABLE 10

COMPARISON OF THE CALCULATED ASTM D-86 DISTILLATION WITH THE 
ACTUAL ASTM D-86 DISTILLATION FOR 1046 NAPHTHA

C a l c u l a t e d  A c t u a l
P e rc en t  ASTM 0^86 ASTM D-86

D i s t i l l e d  Temp » F Temp- F

IBP 195 150

10 228 193

20 250 224

30 263 242

40 272 256

50 280 275

60 295 293

70 319 312

80 330 335

90 353 362

95 380 406

FBP 438 413
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TABLE 11

COMPARISON OF THE CALCULATED ASTM D-86 DISTILLATION 

WITH THE ACTUAL ASTM D-86 DISTILLATION 
FOR THE SRC-1 NAPHTHA

C a l c u l ated
P e r c e n t  ASTM 0-86 A c t u a l

D i s t i l l e d  Temp. F D-86 Temp. F

IBP 209 138

10 237 180

20 250 194

30 260 205

40 272 216

50 285 229

60 295 246

70 311 266

80 329 287

90 350 325

FBP 442 373



T- 26 50
41

o
iÛ-
o
in
in

o
in

r O:  H  O r

ASTM D-86 
Ac t ua l  ASTM D-86

800 30 40 50 60 70
PERCENT DISTILLED

10 90 100

F i g .  9 COMPARISON BETWEEN THE CALCULATED ASTM D-86 
AND THE ACTUAL ASTM D-86 DISTILLATIONS FOR 

SRC - 1 NAPHTHA



T - 2 6 5 0 42

TABLE 12

COMPARISON OF THE CALCULATED ASTM D-86 DISTILLATION 
WITH THE ACTUAL ASTM D-86 DISTILLATION FOR ' 8 7 8 '

MIDDLE DISTILLATE

C a l c u l a t e d  Ac t u a l
Pe r c e n t  ASTM D-86 ASTM D-87

D i s t i l l e d  Temp. °F Temp. °F

IBP 356 354

10 409 400

20 415 413

30 425 418

40 437 428

50 448 437

60 465 445

70 478 456

80 490 468

90 503 485

FBP 553 532
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TABLE 13

COMPARISON OF THE CALCULATED ASTM D-86 DISTILLATION WITH 
THE ACTUAL ASTM D-86 DISTILLATION FOR UTAH LIGHT DISTILLATE

C a l c u l a t e d  Ac t u a l
Pe r c e n t  ASTM D-86 ASTM D-86

D i s t i l l e d  Temp. °F Temp. °F
IBP 215 160

10 294 2 37

20 356 308

30 407 368

40 437 402

50 457 442

60 470 460

70 491 490

80 515 513

90 550 559

FBP 641 598
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TABLE 14

COMPARISON OF THE CALCULATED ASTM D-86 DISTILLATION 
THE ACTUAL ASTM D-86 DISTILLATION FOR WESTERN 

KENTUCKY LIGHT DISTILLATE

C a l c u l a t e d  Ac t u a l
Per cen t  ASTM D-86 ASTM D-

D i s t i l l e d  Temp. °F Temp.

IBP 203 170

10 281 240

20 343 292

30 390 355

40 423 402

50 456 445

60 475 480

70 509 520

80 544 550

90 589 582

WITH

86
OF

FBP 602 585
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TABLE 15

COMPARISON OF THE CALCULATED ASTM D-86 DISTILLATION WITH 
THE ACTUAL ASTM D-86 DISTILLATION FOR SYNTHOIL

Per cen t
D i s t i l l e d

C a l c u l a t ed 
ASTM D-86 
Temp. °F

Ac t u a l  
ASTM 0-86 

Temp. °F

IBP 297 208

10 407 420

20 432 435

30 448 450

40 462 462

50 478 480

60 500 504

70 514 525

80 530 555

90 562 605

FBP 658 635
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Re s u l t s  and D i s c u s s i o n

The s i m u l a t e d  d i s t i l l a t i o n  r e s u l t s  o b t a i n e d  on t he 

v a r i o u s  c o a l - d e r i v e d  l i q u i d  samples are comp i l ed  i n  t he  

t a b l e s  and f i g u r e s  o f  Append i x  A. When t hese  r e s u l t s  

ar e  c o n v e r t e d  t o  t he  ASTM D-86 d i s t i l l a t i o n ,  t hey  do 

no t  show a mean i n g f u l  r e l a t i o n s h i p  when compared t o  t he 

a c t u a l  ASTM D-86 d i s t i l l a t i o n .  Th i s  i s  ve r y  s u r p r i s i n g ,  

s i n c e  many l a b o r a t o r i e s  use t h i s  method s u c c e s s f u l l y  even-  

t hough t h e i r  c a l i b r a t i o n  was based on a homologous s e r i e s  

o f  normal  p a r a f f i n s .  The suspec t ed  sour ces  o f  t h i s  

b e h a v i o r  are : f i r s t ,  t he St andar d  ASTM D- 2887 method

i s  u s u a l l y  c a r r i e d  o u t  on w i d e r  b o i l i n g  range samples whi ch  

may no t  be a p p l i c a b l e  ove r  m i d d l e  b o i l i n g  range samples 

such as 1046 Naphtha and SRC-I Na p h t h a . These samples 

show l a r g e  d e v i a t i o n .  In o t h e r  wor ds ,  t he  normal  p a r a f f i n  

c a l i b r a t i o n  m i x t u r e  may be adequat e up t o  a c e r t a i n  

t e m p e r a t u r e  range ; perhaps a l ower  t e m p e r a t u r e  range 

r e q u i r e s  c a l i b r a t i o n  w i t h  t y p i c a l  compounds d e r i v e d  f rom 

coal  .

Second,  t he API c o r r e l a t i o n  used t o  c o n v e r t  t he  

TBP dat a i n t o  ASTM D-86 d i s t i l l a t i o n  dat a m i g h t  cause 

sever e  e r r o r  because i t  i s  m a i n l y  deve l oped f o r  pe t r o l e u m 

f r a c t i o n s  but  no t  f o r  c o a l - d e r i v e d  l i q u i d s  wh i ch  ar e  

s i g n i f i c a n t l y  more a r o m a t i c  and have much g r e a t e r  h e t e r o ­

atom i c  c o n t e n t s  t han c o n v e n t i o n a l  p e t r o l e um f r a c t i o n s .
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T h e r e f o r e ,  i t  i s  e s s e n t i a l  t o  deve l op  new c o r r e l a t i o n s  

t h a t  c o u l d  be a p p l i e d  f o r  such c o a l - d e r i v e d  l i q u i d s .

T h i r d ,  t he  h i gh  p o l a r  h e t e r o a t o m i c  c o n t e n t  o f  t he  

samples and a s p h a l t e n e s  i n  some samples can q u i c k l y  

f o u l  t he  ch r omat ogr aph  column y i e l d i n g  r e t e n t i o n  t i me s  

o u t  o f  c a l i b r a t i o n .  The s u c c e s s f u l  use o f  t he  gas-  

l i q u i d  chr omat ogr aph  f o r  s i m u l a t e d  d i s t i l l a t i o n  on c o a l -  

d e r i v e d  l i q u i d s  i s  dependent  upon f r e q u e n t  r e g e n e r a t i o n  

o f  t he  c h r o ma t o g r a p h i c  column and d a i l y  c a l i b r a t i o n ,  i n  

a d d i t i o n  t o  o p t i m i z a t i o n  o f  o p e r a t i n g  c o n d i t i o n s .

C o a l - d e r i v e d  l i q u i d s  a r e  compl ex m i x t u r e s  t h a t  

c o n t a i n  so many h y d r o c a r b o n s . Many i n v e s t i g a t o r s  d i d  

h y d r o c a r b o n - t y p e  an a l y s es  us i ng  mass s p e c t r o m e t r y  and 

h i gh  pe r f o r mance  l i q u i d  ch r oma t og r aphy  on t hese  c o a l -  

d e r i v e d  l i q u i d s  t h a t  were produced by d i f f e r e n t  p r ocesses  

( 2 1 , 2 2 ) .  The hyd r oca r bon  t ypes  were f ound t o  be s a t u ­

r a t e s ,  o l e f i n s ,  aroma t i c s  ( p o l a r  and n o n - p o l a r  ) ,  and 

a s p h a l t e n e s . These s t u d i e s  show t h a t  s y n t h o i l  wh i ch  i s  

produced by t h e  s y n t h o i l  p r ocess  i s  m o s t l y  a r o m a t i c ,  

whereas we s t e r n  Kent ucky  and Utah coal  l i q u i d s  wh i ch  are 

produced by COED pr ocess  have l e s s  a r o m a t i c  c o n t e n t s .  

D i f f e r e n c e s  i n  a r o m a t i c i t y  f o r  such c o a l - d e r i v e d  l i q u i d s  

a r e  a t t r i b u t e d  t o  t h e  s e v e r i t y  o f  h y d r o g e n a t i o n ,  t o t he 

d i f f e r e n t  p r ocesses  t h a t  p r oduce t hese c o a l - d e r i v e d  

l i q u i d s ,  and t he  b o i l i n g  range t e m p e r a t u r e .  The presence
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o f  such a r o m a t i c  compounds a t  a c e r t a i n  b o i l i n g  range 

m i g h t  cause d i s c r e p a n c i e s  i n  t he  s i m u l a t e d  d i s t i l l a t i o n  

r e s u l t s  because t h e y  e l u t e  a t  t i me s  when t hey  s h o u l d n ' t .

The e f f e c t  o f  h e t r o a t o m i c  compounds and a r o m a t i c  

compounds i n  t h e  s i m u l a t e d  d i s t i l l a t i o n  o f  c o a l - d e r i v e d  

l i q u i d s  has been i n v e s t i g a t e d  i n  t h i s  s t u d y ,  by s e l e c t i n g  

model  compounds t h a t  c o n t a i n  oxygen,  n i t r o g e n ,  s u l p h u r  

and a r o m a t i c  s p e c i e s .  The model  compounds chosen a r e :  

Benzene,  Th i op h e ne ,  P y r i d i n e ,  2-6 d i me t h y l  p y r i d i n e ,  

p h e n o l ,  m - c r e s o l .  Q u i n o l i n e ,  1 - met hy l  n a p h t h a l e n e ,  and 

d i b e n z o t h i o p h e n e . These compounds were i n j e c t e d  

s e p a r a t e l y  i n t o  t he  same gas c h r o ma t o g r a p h i c  column under  

i d e n t i c a l  o p e r a t i n g  c o n d i t i o n s  used f o r  t he  S t andar d  

and t he  sampl es .  The r e t e n t i o n  t i me  f o r  each model  

compound was r e c o r d e d  and t h e  c o r r e s p o n d i n g  b o i l i n g  p o i n t  

was o b t a i n e d  f rom t he  c a l i b r a t i o n  cu r v e  ( f i g u r e  2) and 

compared w i t h  t h e  a c t u a l  b o i l i n g  p o i n t  o b t a i n e d  f r om t he  

l i t e r a t u r e .  Th i s  compar i son  i s  shown i n  t a b l e  26.  From 

t h i s  c omp a r i s o n ,  i t  i s  c l e a r  t h a t  t he  a c t u a l  b o i l i n g  

p o i n t s  o f  p y r i d i n e ,  p h e n o l ,  m - c r e s o l ,  q u i n o l i n e  and 

d i b e n z o t h i o p h e n e  do no t  ag r ee  w i t h  t he  b o i l i n g  p o i n t s  

o b t a i n e d  f rom t he  c a l i b r a t i o n  c u r v e .  Th i s  means t h a t  t he 

n i t r o g e n ,  oxygen and s u l p h u r  compounds e l u t e  a t  e a r l i e r  

r e t e n t i o n  t i mes  t han t h e y  s h o u l d .  For  t he r e s t  o f  t he  

model  compounds t he  a c t u a l  b o i l i n g  p o i n t  i s  a p p r o x i m a t e l y
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equal  t o  t he b o i l i n g  p o i n t  o b t a i n e d  f rom the c a l i b r a t i o n  

c u r v e . Th i s  means t h a t  t he y  e l u t e  a t  t he  expec t ed  r e t e n ­

t i o n  t i me  c o r r e s p o n d i n g  to t h e i r  a c t u a l  b o i l i n g  p o i n t s .  

Th i s  b e h a v i o r  may be a t t r i b u t e d  t o  t he presence o f  the 

met hy l  groups t h a t  are a t t a c h e d  t o  t he r i n g  compounds.

Two c o a l - d e r i v e d  l i q u i d  sampl es ,  SRC-1 Naphtha

and 1046 Naphtha,  are s p i k e d  w i t h  t hose model  compounds 

t o see t he exac t  e f f e c t  o f  t he he t e  roa romat i c compounds 

on c o a l - d e r i v e d  l i q u i d s .  A s e r i e s  o f  gas c h r o ma t o g r a p h i c  

runs were made on t hese two sampl es .  The model  compounds 

were i d e n t i f i e d  and t h e i r  r e t e n t i o n  t i me i s  r eco r ded  and 

t a b u l a t e d  i n  Tabl es  27 and 28.  The r e t e n t i o n  t i mes  

o b t a i n e d  are s i m i l a r  t o  t hose  o b t a i n e d  when the model  

compounds were i n j e c t e d  s e p a r a t e l y .  Th i s  means t h a t  

t he n i t r o g e n ,  o x y g e n , and s u l p h u r  c o n t e n t s  i n  t he c o a l -  

d e r i v e d  l i q u i d  samples can cause d i s c r e p a n c i e s  on 

s i m u l a t e d  d i s t i l l a t i o n  data because t he y  e l u t e  so e a r l y ,  

a f a c t  whi ch can cause sever e  e r r o r s  i n  t he t r u e  b o i l i n g  

p o i n t  d i s t r i b u t i o n  d a t a .
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Summary

True b o i l i n g  p o i n t  d i s t r i b u t i o n s  f o r  e i g h t  c o a l -  

d e r i v e d  l i q u i d s  and two pe t r o l e u m l i q u i d s  ar e  r e p o r t e d  i n  

Append i x  A. These d i s t r i b u t i o n s  are gene r a t e d  us i n g  t he  

s i m u l a t e d  d i s t i l l a t i o n  p r oc ed u r e  a c c o r d i n g  t o  t he  ASTM 

D - 2887 Method.

A normal  p a r a f f i n  S t andar d  m i x t u r e  was used t o  

g e n e r a t e  TBP d i s t r i b u t i o n s  f o r  a l l  t he  samples under  s t u d y .  

Th i s  S t andar d  i s  r e a s o n a b l y  a c c u r a t e  f o r  t he  two p e t r o l e u m 

l i q u i d s ,  bu t  f o r  c o a l - d e r i v e d  l i q u i d  samples t he  St andar d  

cou l d  no t  p r o v i d e  good TBP r e s u l t s  when c o n v e r t e d  and 

compared w i t h  t he  ASTM D-86 d i s t i l l a t i o n  because o f  t he  

v a s t l y  d i f f e r e n t  n a t u r e  o f  coa l  l i q u i d s  compared t o  

p e t r o l éum l i q u i d s .

The s i m u l a t e d  d i s t i l l a t i o n  method f o r  c o a l - d e r i v e d  

l i q u i d s  r e q u i r e s  an a p p r o p r i a t e  gas c h r o ma t o g r a p h i c  col umn,  

and an a c c u r a t e  t e m p e r a t u r e  programmi ng sys tem,  a l ong  w i t h  

an a c c u r a t e  c o r r e l a t i o n  f o r  c o n v e r t i n g  t he  TBP d i s t i l l a ­

t i o n  da t a  t o  t he  ASTM D-86 d i s t i l l a t i o n  d a t a .
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CONCLUSIONS

The s i m u l a t e d  d i s t i l l a t i o n  method used i n  t h i s  s t ud y  

i s  an a c c u r a t e  and p r e c i s e  t e c h n i q u e  f o r  g e n e r a t i n g  t r u e  

b o i l i n g  p o i n t  d i s t r i b u t i o n s  f o r  t he  p e t r o l e u m f r a c t i o n s .

The s i m u l a t e d  d i s t i l l a t i o n  method can be i mproved 

by s e l e c t i n g  a s u i t a b l e  s t a n da r d  m i x t u r e  whi ch  may c o n t a i n  

normal  p a r a f f i n ,  a r o m a t i c ,  and h e t e r o a r o m a t i c  compounds.  

Th i s  s t a n d a r d  m i x t u r e  may l ead  t o  a c c u r a t e  t r u e  b o i l i n g  

p o i n t  d i s t r i b u t i o n  da t a .

The h i g h e r  h e t e r o a t o m i c  ( oxygen ,  n i t r o g e n ,  s u l p h u r )  

c o n t e n t s  are b e l i e v e d  t o  be r e s p o n s i b l e  f o r  t he  d e v i a t i o n  

i n  t he  t r u e  b o i l i n g  p o i n t  d i s t i l l a t i o n  d a t a .  The i n c r e a s e  

i n  t he  h e t e r o a t o m i c  c o n t e n t  i s  most  l i k e l y  caused by t he 

t he r ma l  d e g r a d a t i o n  o f  t he  sample wh i ch  l eads  t o  t he  

f o r m a t i o n  o f  o t h e r  h e t e r o a t o m i c  compounds whi ch  are e l u t e d  

e a r l i e r  t han e x p e c t e d ,  cau s i ng  e r r o r s  i n  t he TBP d i s t i l l a ­

t i o n s .
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RECOMMENDATIONS

1. The gas c h r o ma t o g r a p h i c  column must  be kep t  i n  a 

f r e s h  c o n d i t i o n  and i t  shou l d  be c o n d i t i o n e d  week l y  to 

avo i d  any b a s e l i n e  d r i f t s  and column b l e e d i n g .

2. The i n j e c t i o n  p o r t  shou l d  be c l eaned eve r y  o t h e r  

day and t he  c a p i l l a r y  t ube i n s i d e  t he  i n j e c t i o n  p o r t  

shou l d  be r e p l a c e d  t o  a v o i d  any sample d e p o s i t s  wh i ch  

m i gh t  p r e v e n t  o t h e r  samples f rom r e a c h i n g  t he  column 

d u r i n g  i n j e c t i o n .

3.  The gas ch r omat ogr aph  must  have a c a l i b r a t i o n  check 

eve r y  day and a b l a n k  run b e f o r e  sample i n j e c t i o n  i s  

recommended t o  ge t  r i d  o f  any t r a c e s  o f  t he  p r e v i o u s  

s amp! e .

4.  The s i z e  o f  t he  sample t o  be i n j e c t e d  each run 

shou l d  be as minimum as p o s s i b l e  t o  av o i d  d e t e c t o r  s a t u r a  

t i o n ,  a f a c t  t h a t  mi g h t  g i v e  ghos t  p e a k s .

5. The f l ame  i o n i z a t i o n  d e t e c t o r  j e t s  shou l d  be c l eaned 

week l y  t o  a v o i d  any s i l i c o n  d e p o s i t s  wh i ch  m i gh t  c l o g  t he 

j e t s  and g i v e  e r r o r  i n  t he  gas f l o w  r a t e .

6. The use o f  a more p o l a r  gas c h r o ma t o g r a p h i c  column 

may i mpr ove t he TBP r e s u l t s  us i ng  t he  n - p a r a f f i n  St andar d

7.  The Joul e-Thomson v a l v e  t h a t  i s  used f o r  t he  sub­

amb i en t  system shou l d  be m a i n t a i n e d  p r o p e r l y  t o  a v o i d  i t s  

p l u g g i n g  whi ch  i s  caused by t he  i m p u r i t i e s  t h a t  m i gh t
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come w i t h  t he CO^ g a s . The use o f  a gas f i l t e r  i n  t he  f l o w  

s t r eam mi g h t  he l p  i n  p r e v e n t i n g  t h a t  f r om happen i ng .

8. The use o f  f r e s h  c o a l - d e r i v e d  l i q u i d  samples i s  

necessa r y  f o r  t h i s  k i n d  o f  r e s e a r c h .

9. I t  i s  recommended t h a t  some o t h e r  d i s t i l l a t i o n  t e c h ­

n i ques  be pe r f o r med  on t hese  c o a l - d e r i v e d  l i q u i d s  bes i de  

t he ASTM D-86 d i s t i l l a t i o n  method and t h a t  t he  r e s u l t s  

o b t a i n e d  be compared w i t h  t he  s i m u l a t e d  d i s t i l l a t i o n  

r e s u l t s  t o  see how a c c u r a t e  t he  SIMDIS method i s .

10. Development  o f  a new c o r r e l a t i o n  t o  i n t e r c o n v e r t  

d i s t i l l a t i o n  da t a  f o r  c o a l - d e r i v e d  l i q u i d s  r a t h e r  t han 

u s i n g  t he  API c o r r e l a t i o n ,  i s  s t r o n g l y  recommended.

11. More chemi ca l  and p h y s i c a l  a n a l y s i s  shou l d  be d i r e c t e d  

t o  t hese  coal  l i q u i d s  t o  s t u d y  t h e i r  n a t u r e  compared t o  

p e t r o l e u m f r a c t i o n s ,  and t o  measure t he  amounts o f  t he  

h e t e r o a t o m i c  and a r o m a t i c  c o n t e n t s  a t  d i f f e r e n t  b o i l i n g  

r a n g e s .
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TABLE 16

TPB DISTRIBUTION USING SIMDIS FOR EUGENE ISLAND WELL

R e t e n t i o n  Pe r c e n t  B o i l i n g  P o i n t
Time Mi n.  D i s t i l l e d  ________ F______

6 . 20  IBP 90

12. 80 10 220

16.50 20 293

20. 30  30 368

23. 40 40 432

26 . 40  50 490

29. 40  60 552

32. 45 70 612

35. 80  80 678

39 . 50  90 752

4 6 . 0 0  FBP 904
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TABLE 17

IBP DISTRIBUTION USING SIMDIS FOR ASTM REFERENCE GAS OIL # 1

R e t e n t i o n  Pe r c e n t  B o i l i n g  P o i n t
Time Mi n.  D i s t i l l e d  _______^F______

12. 90 IBP 225

18. 90 10 340

23. 60  20 435

27. 10  30 505

29 . 70  40 555

31. 75 50 595

33. 50  60 632

35. 60  70 672

37. 40  80 710

39. 90  90 760

47 . 40  FBP 882
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TABLE 18

TBP DISTRIBUTION USING SIMDIS FOR 1046 NAPHTHA

R e t e n t i o n  Pe r c e n t  B o i l i n g  P o i n t
Ti me,  Mi n.  D i s t i l l e d  ______ ^F______

7.12 TBP 128

10.10 10 186

11.90 20 220

13.30 30 245

14.20 40 265

14.65 50 275

16.60 60 310

17.50 70 328

18.60 80 347

20.12 90 378

21. 58 95 405

22. 20  FBP 470
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TABLE 19

TBP DISTRIBUTION USING SIMDIS FOR SRC 11-500 CUT

R e t e n t i o n  Pe rcen t  P o l l i n g  P o i n t
T i m e ,  M i n .  D i s t i l l e d  ______ __________

19.70 IBP 367

22 .50  10 425

23.80  20 450

24 .80  30 470

25.72 40 486

26 .30  50 500

27.00  60 513

27 .60  70 525

28.76 80 545

29.84 90 570

3 3 . 2 0  FBP 625



- 2 6 50
68

. O -̂4 10

O o

o-
\nz

iTn'nHTTnmnn'nTTnTninTnT'iii i iiinifmn HriTü TiniiiüiüivTnMiüimümüiüiirii
10 20 30 40 50 60 70 80 90 100

PERCENT DISTILLED

FIG.  17 SIMDIS TBP DISTRIBUTION FOR SRC 1 1 - 500  CUT



T - 2 6 5 0

TABLE 20

TBP DISTRIBUTION USING SIMDIS FOR SRC 11- 600  CUT

R e t e n t i o n  Pe rc e n t  B o i l i n g  P o i n t
T i m e , Min.  D i s t i l l e d  ______ _̂F______

25.20  FBP 485

28 .00  10 548

28.65  20 568

30 .00  30 580

31 .00  40 596

31.32 50 605

31 .60  60 612

31.95  70 618

32.50  80 628

33.62  90 648

3 6 . 4 5  FBP 700
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TABLE 21

TBP DISTRIBUTION USING SIMDIS FOR SRC-I  NAPHTHA

R e t e n t i o n  P e r ce n t  B o i l i n g  P o i n t
T ime,  Min . Pi  s t i l l  ed _______________

9 .1 0  IBP 150

11.50 10 200

12.70 20 225

13.75 30 245

14.72 40 265

15.70 50 285

16.65 60 304

17.60 70 323

18.65 80 343

20 .00  90 373

24 .00  FBP 455
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TABLE 22

TBP DISTRIBUTION USING SIMDIS FOR " 8 7 8 "  MIDDLE DISTILLATE

R e t e n t i o n  P e rc en t  B o i l i n g  P o i n t
Time» Min.  D i s t i l l e d  ______ Of_______

15.80 IBP 295

20 .30  10 380

21 .50  20 405

22 .00  30 415

22.80 40 430

23 .70  50 450

24.64 60 467

25%60 70 490

26.80  80 510

27 .60  90 525

30 .30  FBP 580
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TABLE 23

TBP DISTRIBUTION USING SIMDIS FOR UTAH LIGHT DISTILLATE

R e t e n t i o n  P e rc en t  B o i l i n g  P o i n t
Time,  Min.  D i s t i l l e d  ______ _̂F______

8 .8 0  IBP 145

14.00 10 260

19.00 20 350

20 .95  30 390

22 .80  40 427

24.40 50 460

25 .60  60 485

26.80  70 508

28.10  80 535

30.20  90 577

3 5 . 9 0  FBP 692
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TABLE 24

TBP DISTRIBUTION USING SIMDIS FOR WESTERN KENTUCKY
LIGHT DISTILLATE

R e t e n t i o n  P e rc en t  B o i l i n g  P o i n t
T im e , Min.  D i s t i l l e d  ______ Of______

7.20  IBP 133

14.95 10 247

17.50 20 320

20 .00  30 373

22.52 40 421

24.30  50 459

26 .00  60 493

27.72  70 527

29 .40  80 561

31.75  90 615

4 0 . 4 6  FBP 788
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TABLE 25

TBP DISTRIBUTION USING SIMDIS FOR SYNTHOIL

R e t e n t i o n  P e rc e n t  B o i l i n g  P o i n t
T i m e ,  M i n .  D i s t i l l e d  ______ __________

12.00  IBP 210

19.80 10 366

21 .60  20 405

23 .00  30 432

24 .20  40 456

25 .35  50 480

26 .50  60 502

27.85  70 530

29.00 80 554

31.20  90 598

37 .50  FBP 725
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FIG. 25 GC RUN REPRESENTING THE NINE MODEL COMPOUNDS WHEN
THEY ARE SPIKED WITH 1046 NAPHTHA
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TABLE 26

COMPARISON BETWEEN THE ACTUAL BOILING POINT AND THE 
BOILING POINT OBTAINED FROM THE CALIBRATION CURVE FOR 

THE SELECTED MODEL COMPOUND

Compound

Benzene

Th iophene

Pyr i d i ne

2 - 6 , d i m e th y l  
p y r i d i n e

Phenol

M- c re so l

Q u i n o 1 i ne

1 -me thy l  na p th a l e n e  

Dibenzo t h i o p h e n e

R e t e n t i o n  
Time Min*

10.17

10.46

12 . 6 8

15.88

18.57 

20. 15 

23.24 

24.54 

31.12

Bo i l i n g  Po i n t  F 
C a l i b r a t i o n  Ac tua l

174

181

225

290

347

377

442

468

600

176

183

240

291

358

397

459

472

614

*The r e t e n t i o n  t im e  i s  t h e  average o f  a t  l e a s t  t h r e e  
s e p a ra te  runs
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FIG. 27 GC RUN REPRESENTING 1046 NAPHTHA
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FIG.  28 GC RUN REPRESENTING
UTAH LIGHT DISTILLATE
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