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RAPID SARA SEPARATIONS BY H I G H  PERFORMANCE LIOUID CHROMATOGRAPHY 

Laur ine  G. Galya and Joseph C.  Sua ton i  
Gulf Sc ience  & Technology Co. 

P i t t s b u r g h ,  PA 

ABSTRACT 

Th i s  paper p r e s e n t s  bo th  r a p i d  a n a l y t i c a l  and p r e p a r a t i v e  h igh  
performance l i q u i d  chromatographic (HPLC) t echn iques  € o r  s e p a r a t i n g  
l i q u i d - f u e l  t ype  m a t e r i a l s  i n t o  s a t u r a t e s ,  a romat i c s ,  r e s i n s ,  and as- 
p h a l t e n e s  (SARA) .  The p r e p a r a t i v e  method. an a d a p t a t i o n  of a t echn ique  
developed by Jewell, e t .  a l .  (1 ,  4 ) .  s i g n i f i c a n t l y  d e c r e a s e s  a n a l y s i s  
time. The a n a l y t i c a l  t echn ique  u t i l i z e s  HPLC t o  a c h i e v e  t h e  same 
s e p a r a t i o n s  in less time. 

INTRODUCTION 

The s e p a r a t i o n  of l i q u i d  f u e l s  i n t o  saturates ,  a r o m a t i c s ,  r e s i n s ,  

and a s p h a l t e n e s  v i a  s o l v e n t  e x t r a c t i o n  and FeF13 t r e a t e d  c l a y / s i l i c a  g e l  

columns is a procedure used by t h e  petroleum i n d u s t r y  t o  monitor  r e f i n -  

ing processes .  It is a p p l i c a b l e  t o  materials b o i l i n g  above 450'F. Even 

though several a n a l y s e s  v i a  an  open column p rocedure  can be performed 

s imul t aneous ly ,  t h e  e l apsed  time is s e v e r a l  days.  U t i l i z a t i o n  of a HPLC 

has sho r t ened  t h e  e l apsed  t i m e  t o  4 hour s  f o r  t h e  p r e p a r a t i v e  t echn ique  

and 1-1/2 hours  (HPLC s e p a r a t i o n  <20 minu tes )  f o r  t h e  a n a l y t i c a l  t ech -  

nique.  The a n a l y t i c a l  t echn ique ,  which u t i l i z e s  r e sponse  f a c t o r s ,  

pe rmi t s  t h e  a n a l y s i s  of t h e  e n t i r e  sample and no t  j u s t  t h e  p o r t i o n  

b o i l i n g  above 450'F. 

EXPERIMENTAL 

&para t u s  

A l i q u i d  chromatograph f a b r i c a t e d  a t  Gulf S c i e n c e  and Technology Co. 

was used f o r  t h i s  s t u d y  (F igu res  1 & 2).  It c o n s i s t s  of an  A l t e x  Model 

110 s o l v e n t  pump (Altex S c i e n t i f i c ,  Inc. ,  Berkeley,  CA 94710). Water s 
A s s o c i a t e s  Hodel 401 d i f f e r e n t i a l  r e f r a c t o u s t e r  (Water s A s s o c i a t e s ,  
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Inc . ,  Mi l fo rd ,  MA 01757),  Ominiscr ibe 4000 Recorder (Houston Ins t rumen t ,  

Aust in ,  TX 78753). Rheodyne i n j e c t i o n  v a l v e  (Rheodyne, Inc. ,  Berkeley,  CA 

94710). equipped wi th  5 .0 'ml  loop f o r  t h e  p r e p a r a t i v e  method and a 1OOb1 

loop f o r  t h e  a n a l y t i c a l  method and a fou r -pa r t  back f lush  v a l v e  (Valco 

Instrument  Co., Inc. ,  Houaton, TX 77055). The t h r e e  columns u t i l i z e d  f o r  

t h e  p r e p a r a t i v e  t echn ique  a r e :  

s teel  tub ing  packed w i t h  60-80 mesh FeCl3-treated At t apu lgus  c l a y  

(Englehard Minerals  and Chemicals Corp.. Edison. NJ 08817) equipped w i t h  

5/8-inch snubbers  i n  s e r i e s  w i th  0.7 cm x 25 cm s e c t i o n  of s t a i n l e s s  

steel tub ing  packed w i t h  IRA-SOk-OH- r e s i n  (Robin 6 Hass, P h i l a d e l p h i a ,  PA 

19103) equipped wi th  3J8 i nch  snubber s ,  and a 40.6 cm x 1 . 3  c m  s e c t i o n  o f  

e t a i n l e s s  packed wi th  20-44 mesh Biosil A (Bio Rod Labs, Richmond, CA 

94804) equipped wfth 518 i nch  snubbers .*  The a m l y t i c a l  technique u t i l i z e s  

a p-Bondapak-NH2 a n a l y t i c a l  column Water s Assoc ia t e s  Inc . .  Mil fo rd ,  MA 

01757). 

Co., Avondale, PA 19311). 

a 40.6 cm x 1 . 3  cm s e c t i o n  of  s t a i n l e s s  

P e a k  are i n t e g r a t e d  by a Model 3354 B Computer (Hewlett-Packard 

*The i n i t i a l  s e p a r a t i o n  of t h e  r e r i m  i r  done wi th  t h c  FeC13 c l a y  column 
and IRA-9Olr column toge the r .  Tha r e p a r a t i o n  of s a t u r a t e s  and a romat i c s  
is t hen  acconp l i shed  on t h e  B i o s i l  A column v h i c h  is i n  a s e p a r a t e  
instrument  . 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
2
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



WID SARA SEPARATIONS 

RESERVOIR 

231 

BACKFLUSH 
VALVE 

DRVINQ TUBE 

GETONE 

- PUMP Al -BONDAPAR(-NU2 

J 

Figure 2 .  Analy t ica l  Instrument set-up. 

Reagents 

Hexane. methylene c h l o r i d e ,  and 111: methylene ch lor ide lace tone  mixture! 

are used a s  - b i l e  phases. High-purity hexane ( P h i l l i p s  Petroleum Co., 
B a r t l e s v l l l e ,  OK 74004) is  s a t i s f a c t o r y ,  b u t  i s  dr ied  over  a rC A molecular 

sieves p r i o r  t o  we. 
S c i e n t i f i c  Co., P i t t sburgh ,  PA 15219) a r e  used as rece ived .  

0 

RPLC grade methylene c h l o r i d e  and ace tone  (F isher  

The FeC13-treated Attapulgus c l a y  i s  prepared as follows: c a u t i o u s l y  

add 10.0 g of anhydrous FeCl3 t o  1 0  m l  of methanol, then t o  t h i s  s o l u t i o n  

add 50 r n l  of chloroform. (Both should be reagent  grade.) .  Af te r  1 / 2  

hour, g r a v i t y  f i l t e r  through Whatman #42 f i l t e r  paper i n t o  a 2 l i t e r  
Erlenmeyer f l a s k  t o  remove t h e  i n s o l u b l e s  and vaoh v i t h  10 uil of 
methanol and 100 ml of chloroform. Add 300 g of c l a y  t o  the  f l a s k  

while  swir l ing ,  then d l w  t o  set f o r  112 hour v i t h  occas iona l  s v i r l i n g .  

The chloroform level should be maintained approximately 114" over t h e  
top of t h e  clay.  The so lvent  i s  removed by vacuum f i l t r a t i o n  and t h e  

packing i s  d r i e d  i n  A hood. Next t r a n s f e r  t h e  t r e a t e d  c l a y  t o  a 
vacuum w e n  maintained a t  50.C f o r  112 hour t o  remove f i n a l  t r a c e r  of 

solvent .  The c l a y  is then s ieved t o  o b t a i n  only 60-80 mesh p a r t i c l e s .  

This  m a t e r i a l  should conta in  about 3% Fe, as determined by atomic 

absorpt ion a n a l y t i a .  
elsewhere. (1) 

The IRA-904-OH r e s i n  is prepared as descr ibed 
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232 GALYA AND SUATONI 

PROCEDURE 

Prepa ra  t ivc 

To a t a r e d  beake r ,  weigh 1.2 g of sample t o  t h e  n e a r e s t  0.001 g. 

Add 4-5 ml of hexane and stir t h i s  m i x t u r e  f o r  approximately 5 minutes  

wi th  a s t i r r i n g  rod t o  d i s s o l v e  s o l u b l e  material. 

s o l u t i o n  through a t a r e d  0.45 u M i l l i p o r e  f i l t e r  (type W) t o  remove 

t h e  i n s o l u b l e s  (wash w i t h  hexane u n t i l  t h e  washings become c o l o r l e s s ) .  

The hexane s o l u t i o n  is hea ted  t o  4OoC and c o n c e n t r a t e d  t o  e x a c t l y  

10.00 ml under  a stream of n i t r o g e n  f o r  a n a l y s i s  by HPLC. 
c o n t a i n i n g  t h e  hexane i n s o l u b l e s  is d r i e d  a t  4OoC under  a n i t r o g e n  

b l a n k e t  and veighed.  I f  t h e  o r i g i n a l  beaker  c o n t a i n s  und i s so lved  

materials, i t  i s  d r i e d  i n  t h e  same manner as t h e  f i l t e r  and weighed. 

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

beaker  and to luene  ( r e a g e n t  grade)  is added. The volume of  t o l u e n e  

added is n o t  c r i t i c a l  b u t  should b e  enough t o  cover t h e  f i l t e r  and t o  

wash :he s i d e s  of  t h e  beake r .  This s o l u t i o n  is f i l t e r e d  through 
ano the r  t a r e d  0.45 Y M l l i p o r e  f i l t e r  and t h e  i n s o l u b l e s  a r e  aga in  

washed u n t i l  t h e  washings become c o l o r l e s s .  D r y  t h e  beake r ,  t h e  

o r i g i n a l  f i l t e r .  and t h e  f i l t e r  w i t h  i n s o l u b l e s  as d e s c r i b e d  p r e v i o u s l y  

and weigh each.  The a s p h a l t e n e  c o n t e n t  of  t h e  sample is t h e  d i f f e r e n c e  

between the weight of hcxane i n s o l u b l e s  and t o l u e n e  i n s o l u b l e s .  

Vacuum f i l t e r  t h i s  

The f i l t e r  

The hexane s o l u t i o n  is i n j e c t e d  i n t o  a l i q u i d  chromatograph FeCl3- 

t r e a t e d  clay/IRA-904-OH- columns equipped wi th  t h e  hexane flow rate of 

10 m l / m i n .  The o i l s  ( c o n t a i n i n g  s a t u r a t e s  and aromatics) are backflushed 

( 2 )  o f f  t h e  column a f t e r  6 5  seconds.  Exac t ly  200 m l  of e l u e n t  from t h e  

column is c o l l e c t e d  t o  ensu re  t h a t  a l l  t h e  l a te  e l u t i n g  a romat i c s  a r e  

c o l l e c t e d .  

t h e  column us ing  200 ml of a 1/1: 

The column is then r egene ra t ed  wi th  methylene c h l o r i d e  and hexane sequen- 

t i a l l y .  The IRA-904-OH- r e s i n  removes any i r o n  t h a t  is e l u t e d  w i t h  t h e  

r e s i n s .  The oils a r e  concen t r a t ed  t o  10.00 m l  and i n j e c t e d  on to  a Bio- 

sil A column where t h e  s a t u r a t e s  are s e p a r a t e d  from t h e  a romat i c s  as 

desc r ibed  elsewhere.  (3)  

Resins ,  r e t a i n e d  by t h e  FeC13-clay column, are e l u t e d  from 

acetone/methylene c h l o r i d e  a i x t u r e .  

The s o l v e n t  removal p rocess  is c r i t i c a l .  Evaporat ing a t  t oo  h igh  a 

temperature  may r e s u l t  i n  s i g n i f i c a n t  loss of  sample.  

prevented by: 1) i n i t i a l l y  c o n c e n t r a t i n g  t h e  f r a c t i o n  in a t a r e d  v i a l  

t o  0.5-1.0 ml u s i n g  a h e a t i n g  b lock  maintained a t  4OoC under a n i t r o g e n  

purge,  2 )  weighing t h e  v i a l  c o n t a i n i n g  t h e  sample a f t e r  each minute  of 

This can be 
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RAPID SARA SEPARATIONS 

evaporat ion u n t i l  t h e  weight loss is less than 1 mglminute. 

weight is then recorded. This  technique s i g n i f i c a n t l y  decreases  t h e  

amounc of sample reported as v o l a t i l e s .  

The sample 
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Analy t ica l  

To a ta red  beaker, add 0.250 g of sample, weighed t o  t h e  n e a r e s t  

0.001 g. Sample preparat ion and asphal tene  removal is  the  same as 
descr ibed in paragraphs 1 and 2 of t h e  prepara t ive  technique. The 

hexane s o l u t i o n  is i n j e c t e d  i n t o  a HPLC equipped wich a u-Bondapak-NH2 

column (Figure 2) and separated i n t o  s a t u r a t e s ,  aromatics .  and r e s i n s . *  

The peaks a r e  i n t e g r a t e d  by a Hewlett-Packard 33548  computer using a 

"Zero" type method.** 

re f rac tometer  is set a t  16X. The elapsed time (due t o  removal of inso lubles )  

using response f a c t o r s  obtained by i n j e c t i n g  known concent ra t ions  of 

f r a c t i o n s  from the  prepara t ive  technique. Resins a r e  backflushed o f f  

the  column and determined by d i f fe rence .  

The hexane flow r a t e  used is 3.0 mllmin and t h e  

To d a t e ,  column l i f e  has  not  been determined. The NH2 column has  

been used f o r  s i x  months, a t  t h e  r a t e  of 20-30 samples per  month, 

without d i f f i c u l t y .  However, i t  is necessary t o  f l u s h  t h e  column v i t h  

1:l methylene chlor ide/acetone a f t e r  every 20 samples, and then regen- 

e r a t e  with methylene ch lor ide  and hexane in order  t o  ensure repea tab le  

r e t e n t i o n  times. 

RESULTS 6 DISCUSSION 

Model Compounds - In  order  t o  c o r r e c t l y  i d e n t i f y  the  types of 

compounds e l u t i n g  i n  each f r a c t i o n ,  a model compound s tudy  w a s  COR- 

ducted. 

found i n  coa l  l i q u i d s .  Figure 4 div ides  a series of model compounds 

i n t o  those re ta ined  and those not re ta ined  by the  FeC13-clay column. 

The compounds r e t a i n e d  by t h e  column are e l u t e d  v i t h  t h e  r e s i n s ;  gener- 

a l l y  97-992 of t h e  r e s i n s  a r e  recoverable .  Those compounds t h a t  a r e  not  

re ta ined  e l u t e  with the oils and are la te r  separated on s i l i ca  g e l .  

Model compounds were chosen on t h e  b a s i s  of compounds normally 

Figure 

*A u-Bondapak Mf2 column w a s  chosen because of i ts  a b i l i t y  t o  s e p a r a t e  
on t h e  b a s i s  of p o l a r i t y .  

100 area  X .  
sampling r a t e  is every 0.5 sec. 

**A "Zero" type method i n t e g r a t e s  t h e  peaks and normalizes the  d a t a  to 
The AID Data are pr in ted  out  In  counts  and a r e a  X .  
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2 34 GALYA AND SUATONZ 

Column: A- Bondapak NH2 
Mobile Phase: Hexane at 3.0ml/min 
Detector: R I set at l6x 
CJ: - 15mq/ml; .1ml injected 

AROMATICS 

PEAKS 

Saturates: 1.08 min 
Aromatics: 1.30-5.24 min 
Backflush: 6.67min 

7 14 
MlNUTES 

Figure 3. Chromatogram on NH2 Column. 

5 shows the f r a c t i o n s  i n  which model compounds e l u t e  on the  u-Bondapak 
NH2 and FeClg-clay columns. ?lost non-polar heteroatom spec ies ,  such as 

thlophenes, furans and indoles  e l u t e  i n  the  aromatic f r a c t i o n  with both 

columns. 

A sample of t a r  sands, d i f f e r e n t  from t h a t  used f o r  c a l i b r a t i o n ,  was 

friictloned by tho prepara t ive  technique. These oil and r e s i n  f r a c t i o n s  

were i n j e c t e d  i n t o  the  a n a l y t i c a l  HPLC; the  r e s i n  f r a c t i o n  was not  

contaminated by s a t u r a t e s  and aromatics ,  but the  oil f r a c t i o n  contained 

0.52 r e s i n s .  
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RAPID SARA SEPARATIONS 235 

Retention on FeClj-clay column 

8-;3 H 

dibenzothiophene 

benzophenone 

dib enzo f uran 

thiophene 

phenol 

benzaldehyde 

quinoline 

amine mixture 

f ormamide 

methyl benzoate 

N,N,dimethylaniline 

n-butyl ether 

anthracene 

dimethyldisulfide 

benzoindole 

Figure 4 .  Hodel Compounds. 

not retained 

retained 

not retained 

not retained 

retained 

retained 

retained 

re tai,ie d 

retained 

retained 

retained 

not retained 

not retcinea 

not retained 

retained 

Data Comparison 

Table 1 shows a comparison of the data obtained using the open 

column and preparative techniques. The deviation i n  the  data is w i t h i n  
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Compound 

Dibenzothiophene 

Dibenzofuran 

Dec a 1 in 

Phenol ' 

Benzaldehyde 

I s o q u i n o l i n e  

Q u i n o l i n e  

Anthracene 

Indole  

Prep SARA 
(FeClj-clay)  

Aromatics 

Aromatics 

Sa t u r  a t e s 

Resins 

Resins  

Resins 

Aromatics 

Resins  

W Y A  AND SUATONI 

Rapid SARA 

Aromatics 

A r  oma t i cs 

S a t u r a t e s  

Resins  

Resins 

Resins 

(NH2) 

Aromatics 

Res ins  

Figure 5. Model Compounds. 

experimental e r r o r  f o r  t h e  open column technique. The samples shown 
here a r e  a c t u a l  coal  l i q u i d  samples obtained from a p i l o t  p lan t .  Table 

3 shows the d a t a  from the prepara t ive  and a n a l y t i c a l  techniques compare 

wel l .  

Cal ibra t ion  

Cal ibra t ion  was accomplished by i n j e c t i n g  known concentrat ions of 

f r a c t i o n s  from the prepara t ive  technique i n t o  the  a n a l y t i c a l  instrument ,  

and measuring the a rea  with the Hewlett-Packard 3 3 5 4 B  computer. The 

response f a c t o r s  a r e  expressed as  area/concentrat ion where concentrat ion 

is expressed as mg/ml.(3) The e r r o r  i n  determining the  f a c t o r s  was 

found t o  b e  less than 1Z f o r  both the s a t u r a t e s  and aromatics and was 

reproducible over the  six months w e  have been using t h i s  technique. It 

is i n t e r e s t i n g  t o  note  the d i f fe rence  in response f a c t o r s  f o r  d i f f e r e n t  

samples. A s  can b e  seen in Table 5 ,  i t  is necessary t o  c a l i b r a t e  for 

each fyPe of sample. 

f a c t o r s ,  but there  is l i t t l e  change f o r  d i f f e r e n t  c o a l s  processed under 

same condi t ions.  

Liquefaction condi t ions inf luence  the  response 

Response f a c t o r s  a r e  v e r i f i e d  with pure compounds (hixadecane and 

naphthalene) which do not change from day-to-day.(Z) 

As seen in Figure 3. the aromatic f r a c t i o n  is separated i n t o  severa l  

components. This separa t ion  occurs mainly by r i n g  number; t h i s  was 

es tab l i shed  by i n j e c t i n g  aromatics. such a s  benzene, naphthalene, 

anthracene, chrysene, and coronene and monitoring t h e  r e t e n t i o n  times. 
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RAPID SARA SEPARATIONS 

TABLE 1 

Comparison of Open Column and Preparative SARA Data 

For Coal Liquids 

Sample A 
Saturates: Ut. % 
Aromatics: GJt. % 
Resins: Wt. % 
Asphaltenes: Wt. % 
Xnsolubles: Wt. % 
Volatiles : Wt. % 

Sample # 
Saturates: tk. % 
Aromatics: Wt. % 
Resins: Wt. % 
Asphaltenes: Wt. % 
Xnsolubles: Wt. % 
Volatiles: Wt. % 

Sample B 
Saturates: Wt. % 
Aromatics: Vt. % 
Resins: Wt. % 
Asphaltenes: Wt. % 
Insolubles: Wt. % 
Volatiles: Wt. 7. 

Sample # 
Saturates: Wt. % 
Aromatics : Wt. % 
Resins: Wt. X 
Asphaltenes: Wt. % 
Insolubles: Wt. % 
Volatiles: Wt. % 

Open Column 

x-975 
1TT 
67.7 
7.4 

14.4 
0.0 
9.4 

X-865 
178 
73.9 
9.5 
7.7 
2.7 
4.3 

x-977 
176 
78.8 
7.4 
8.1 
0.0 
4.7 

X-807 
T 
71.4 
6.1 
7.6 
8.2 
4.3 

HPLC 

x-975 T-r 
67.1 
6.2 
14.1 
0.0 

10.5 

- 

X-865 
- T T  
73.1 
8.4 
8.6 
3.2 
4.3 

x-977 -n- 
77.2 
6.7 
9.4 
0.0 
4.4 

X-807 
-IT- 
72.5 
6.5 
6.7 
8.1 
4.3 

2 37 

The backf lush  t i m e  of 400 seconds i s  based on t h e  e l u t i o n  t i m e  of 

co ro rene  p l u s  50 seconds.  Because r e t e n t i o n  times and composi t ion of 

a romat i c s  d i f f e r  from one sample type  t o  a n o t h e r  ( F i g u r e s  6 and 7). au tomat i c  

bunching of a romat i c  peaks is n o t  p o s s i b l e .  Consequent ly ,  each a r o m a t i c  

peak i s  i n t e g r a t e d  s e p a r a t e l y  and t h e  areas are manual ly  added t o g e t h e r .  

A n a l y t i c a l  Method 

There were two p o s s i b l e  approaches t o  t h e  a n a l y t i c a l  method: 

1) b u i l d  a s ca l ed -dom v e r s i o n  of t h e  p r e p a r a t i v e  method, 2 )  choose 

an HPLC column which would p rov ide  similar s e p a r a t i o n .  
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GALYA AND SUATONI 

TABLE 2 

Reproducability of Preparative SARA Data 

For Coal Liquids 

HPLC HPLC HPLC 

Sample c x-975-w x-975-w x-9 7 5 -w 
Saturates : Wt. 7. 2.9 3.1 2.2 
Aromatics: Wt. % 77.5 78.2 76.6 
Resins: Wt. 7. 3.0 3.8 2.9 
Asphaltenes : Wt. 7, 14.8 14.0 13.9 
Insolubles: Wt. 7. 0.0 0.0 0.0 
Volatiles: Wt. 7. . 1.8 0.9 4.4 

Sample # x-977 x-977 
Saturates : Wt. % 2.3 1.8 
Aromatics: Wt. % 77.2 . 77.7 
Resins: Wt. % 6.7 6.5 
Asphaltenes: Wt. 9. 9.4 9.9 
Insolubles : Wt. % 0.0 0.0 
Volatiles : I J t .  % 4.4 4.1 

TABLE 3 

- Co.n?arison of Preparative and Analytical SARA 

Preparative Analytical 

Sample i/ 
% Saturates 
% Aromatics 
% Resins 
% Asphaltenes 
% Insolubles 

Sample 4 
'?: Saturates 
X Aromatics 
:{ Resins 
% Asphaltenes 
% Insolubles 

xx 
1.6 

73.6 
8.7 
4.3 
12.1 

YY 
2.1 
77.1 
7.5 
5.2 
8.1 

xx 
1.7 

72.5 
9.4 
4.5 

12.0 

YY 
2.8 
77.9 
6.0 
5.0 
8.3 

The scaled-down preparative technique gave broad peaks due t o  

bandspreadlng. 
a clean separation of saturates and aromatics, and sharp peaks. 

The second choice was a u-Bondapak NH2 column which gave 
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RAPID SARA SEPARATIONS 

TABLE 4 

Reproducibility of NH? Column 

Sample 1 - at 1.0 ml/min 
Saturates 4.4 4.4 4 . 5  

Aromatics 6 9 . 8  68 .5  7 1 . 1  

Resins 9 . 4  1 0 . 7  * 8 . 0  

Sample 2 - at 3.0 mlfmin 
Saturates 7 . 3  7 . 5  7 . 5  7 . 6  7 . 5  

Aromatics 5 5 . 7  5 6 . 2  5 5 . 4  55.2 5 6 . 1  

Resins 18.3 1 7 . 6  1 8 . 4  1 8 . 5  1 7 . 7  

239 

20.98% 

5 1 . 2 4 %  

t 9 . 8 2  

7.5 t 0 . 8 5  

5 5 . 9  s r J . 5 ’  

18 .0  ::.ss, 

TABLE 5 

Factors Obtained for Samples & Model Compounds 

Saturates Aromatics 

Full Range Coal Liquid I 6 6 0 0  1 3 1 0 0  

Tar Sands 8 0 0 0  9 3 0 0  

Coal Liquid I1 550’ - 85OoF 6 6 0 0  1 3 5 3 0  

Coal Liquid If 85OoF+ 6 6 0 0  1 0 7 1 0  

Hexadecane 

Naphthalene 

4650 - 
- 15300 

Reproducibility 

Both the preparative and analytical  techniques gave good repro- 

d u c i b i l i t y  (Tables 2 and 4). Table 2. third analysis  of coal l iquid 
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U 
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U 

-- 
I 
0 4 12 MINUTES 

Figure 6 .  Chromatogram of Texas Crude O i l .  

sample X-975-W, shows the largest amount of volatiles because the p r o -  

cedure for volatiles determination was not carefully followed. As can 
be seen in Table 4 ,  the analytical data are more reproducible at a flow 
of 3.0 mllmin than at 1.0 mllmin, due t o  sharper, more easily integrated 
peaks. 

It is necessary t o  run a hexane blank to determine i f  there is any 
contribution to the saturate area. 
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I ,  I I I I 
I I I 1 I I 

2 4 6 8 10 12 
MINUTES 

Figure 7. Chromatogram of Shale Oil (mid-distillates). 

FUTURE WORK. 

Future work wi l l  include the development of calibration data for 
petroleum distillates,(3) and shale oil. 

The analytical method will be modified to determine resins directly 
by utilizing an UV detector and a more polar solvent such as methylene 
chloride/tetrahydrofuran: 1/1 to ensure that all resins are eluted. 
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