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INTRODUCTION 

According t o  S ternberg  e t  a l . ,  a spha l t enes  are h igh  molecular weight 

compounds which a f f e c t  t h e  v i s c o s i t y  of products  from c o a l  convers ion  pro- 

ces ses  (10) and may be t h e  in t e rmed ia r i e s  i n  t h e  format ion  of o i l  from coal  

( 3 ,  6 ,  1 2 ) .  Asphaltenes have t r a d i t i o n a l l y  been def ined  by t h e i r  s o l u b i l i t y  

p rope r t i e s .  A knowledge of t h e  concen t r a t ion  of a spha l t enes  i n  coal-derived 

o i l  i s  o f t e n  h e l p f u l  t o  t h e  engineer  i n  eva lua t ing  hydro t r ea t ing  processes.  

S tud ie s  of c o a l  hydrogenation a t  DOE'S P i t t sbu rgh  Energy Technology Center 

(formerly P i t t s b u r g h  Energy Research Center ,  Bureau of Nines) over t he  years  

o f t e n  depended on the  de te rmina t ion  of a spha l t enes  ( 5 ,  11, 1 2 ) .  However, 

t h e r e  i s  no s t anda rd  method f o r  t he  de te rmina t ion  of a spha l t enes  i n  t h e  

products  from c o a l  conversion, nor is t h e r e  any known r e l a t i o n s h i p  between 

a spha l t ene  va lues  produced by the  a n a l y t i c a l  methods c u r r e n t l y  i n  use .  

Therefore,  one cannot w i th  any degree  of conf idence  compare t h e  a spha l t ene  

con ten t  of c o a l  der ived  l i q u i d  f u e l s  t h a t  a r e  analyzed by d i f f e r e n t  methods. 

A t  p resent ,  every  l a b o r a t o r y  has  developed i ts  own procedure f o r  determining 

a spha l t enes  i n  coal-derived m a t e r i a l s .  
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In orde r  t o  a s c e r t a i n  i f  t h e  d i f f e r e n t  methods used t o  determine as- 

pha l tenes  i n  coal-derived materials produce s i g n i f i c a n t l y  d i f f e r e n t  r e s u l t s .  

a s tudy  was i n i t i a t e d  a t  t h e  P i t t s b u r g h  Energy Technology Center aimed a t  

o b j e c t i v e l y  comparing f i v e  d i f f e r e n t  methods c u r r e n t l y  used t o  ana lyze  such 
i 
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m a t e r i a l s  fo r  a spha l t enes ,  o i l s  and i n s o l u b l e s .  P a r t  I of t he  s tudy  in- 

volved the  use of a hydro l ique fac t ion  product of i n t e rmed ia t e  a spha l t ene  

conten t  a s  a t e s t  ma te r i a l  and was  r epor t ed  p rev ious ly  ( 7 ) .  P a r t  11 of t h e  

s tudy  is repor ted  h e r e i n  and involves  the  use of a high a spha l t ene  conta in-  

ing  substance as t h e  test  m a t e r i a l .  

EXPERIMENTAL 

The experimental  methods used were t h e  same as those  employed i n  P a r t  

I ( 7 ) .  A s o l i d  product from t h e  Solvent  Refined Coal (SRC) p l a n t  of Fo r t  

L e w i s ,  Washington w a s  chosen f o r  t he  "standard" m a t e r i a l .  A l a r g e  sample of 

t he  SRC w a s  provided by the  Combustion Div is ion  a t  PETC and w a s  subsequent ly  

ground t o  pass through a 60-mesh sc reen .  Af t e r  thorough mixing, t h e  SRC was 

d iv ided  i n t o  f i v e  po r t ions  which were s to red  under n i t rogen  i n  sea l ed ,  dark  

g l a s s  b o t t l e s  u n t i l  used. 

The a n a l y t i c a l  procedures used were ou t l ined  p rev ious ly  ( 7 )  and w i l l  be 

descr ibed  i n  g r e a t e r  d e t a i l  i n  a f u t u r e  pub i i ca t ion .  

Method A h a s  been i n  use by t h e  Ana ly t i ca l  Chemistry Branch a t  PETC f o r  

years  f o r  rou t ine ,  h igh  volume work and r e q u i r e s  only  inexpensive equipment 

(5). No a t tempt  is made t o  keep t h e  sample o r  t he  v a r i o u s  f r a c t i o n s  from 

con tac t  wi th  t h e  a i r  s i n c e  chemical c h a r a c t e r i z a t i o n  of t h e  f r a c t i o n s  was 

no t  a cons ide ra t ion  i n  the  des ign  o r  use of t h i s  method. 

Method B w a s  developed i n  t h e  Molecular Spectroscopy Branch a t  PETC t o  

g ive  r ap id  r e s u l t s  w i th  a small number of samples and t o  produce f r a c t i o n s  

f o r  f u r t h e r  s tudy  (8) .  

Method C w a s  designed i n  the Process Sc iences  Div is ion  a t  PETC as a 

means of s tudying  t h e  cond i t ions  f o r  p r e c i p i t a t i o n  of a spha l t enes  and f o r  

prepar ing  f r a c t i o n s  f o r  f u r t h e r  s tudy  ( 2 ,  9 ) .  
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Method D w a s  developed a t  ARC0 as a means of prepar ing  f r a c t i o n s  f o r  

f u r t h e r  s tudy  ( 4 ) .  

Xethod E was designed a t  FXYON Research and Engineering Company a s  a 

p repa ra t ive  method (1). Due to  the  l i m i t e d  amount of sample a v a i l a b l e  and 

a f t e r  consu l t a t ions  wi th  the  o r i g i n a t o r s  of  the  method, a 25 gram sample 

s i z e  was employed in s t ead  of t h e  50 gram sample o r i g i n a l l y  s p e c i f i e d .  

RESULTS AND DISCUSSION 

The r e s u l t s  of t he  s tudy  a r e  shown i n  Table 1. Af te r  r e p l i c a t i n g  

method C a number of t imes it became apparent  t h a t  t he  r e s u l t s  va r i ed  so 

widely tha t  t he  method was no t  working w e l l  enough to  warran t  continued 

r e p l i c a t i o n .  I t  was concluded t h a t  t he  probable  cause of t he  observed 

v a r i a t i o n  was the  pass ing  of f i n e  p a r t i c l e s  through the  e x t r a c t i o n  thimble 

i n  a non-reproducible w a y .  T:i? r e s u l t s  f o r  rnethod C were t h e r e f o r e  l e f t  out 

of Table 1. 

The averages v a n  over almost a f a c t o r  of 2 f o r  i n s o l u b l e s  and asphal -  

t enes  and almost a f a c t o r  of 15 f o r  t he  o i l s .  The ranges  f o r  t he  r e l a t i v e  

s tandard  deviac ions  were 4 t o  97: f o r  t he  i n s o l u b l e s ,  6 to  15% f o r  t h e  as- 

pha l t enes  and 4 t o  40% f o r  t h e  o i l s .  

The sums of t h e  average  v a l u e s  of i n s o l u b l e s ,  a spha l t enes  and o i l s  f o r  

methods B,  D and E ( t he  o i l s  a r e  c a l c u l a t e d  by d i f f e r e n c e  in method A )  add up 

t o  more than 100%. 

v a l u e s  and 100% a r e  no t  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t h e  95% conf idence  

i n t e r v a l  f o r  methods B and D ( i t  i s  f o r  method E ) ,  t h e  f a c t  t h a t  a l l  t h r e e  

methods show sums of g r e a t e r  than  100% can be i n t e r p r e t e d  as evidence of 

s o l v e n t  r e t e n t i o n  i n  the f r a c t i o n s  ( t h e  use of n i t r o g e n  i n  these  methods 

would make ox ida t ion  an u n l i k e l y  exp lana t ion ) .  

While t h e  d i f f e r e n c e  between the  sums of the  average 

20 



In order  t o  determine i n  an o b j e c t i v e  manner i f  s i g n i f i c a n t  d i f f e r e n c e s  

e x i s t  betueen the  r e s u l t s  ob ta ined  from the  va r ious  ne thods ,  S t u d e n t ' s  "t" 

t e s t  was appl ied .  The r e s u l t s  ob ta ined  with methods A,  B ,  D and E were com- 

pared two a t  a time and i n  a l l  cases  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  

were found. 

Based on t h e  exper ience  gained dur ing  t h i s  s tudy  t h e  a n a l y s t s  involved 

made e s t ima tes  f o r  each method of t h e  e lapsed  time and man-hours necessary  

t o  complete a de te rmina t ion  and of t h e  expected product ion  r a t e .  They 

concluded t h a t  i n  a l l  ca ses  these  were not  a s  f avorab le  a s  those f o r  t he  

medium aspha l t ene  n a t e r i a l  i n  P a r t  I of t he  s tudy  ( 7 ) .  The d i f f e r e n c e s  were 

mainly due t o  the  d i f f i c u l t i e s  encountered i n  removing so lven t s  from the  

i n s o l u b l e  material and, i n  some cases ,  t he  o i l s .  

CONCLUSIONS 

This  study has  shown t h a t  m a t e r i a l s  high in aspha l t enes  a r e  more d i f -  

f i c u l t  t o  analyze f o r  t h e i r  a spha l t ene  conten t  than m a t e r i a l s  of moderate 

a spha l t ene  conten t .  Indeed, one of t he  t e s t  methods f a i l e d  completely t o  

work wi th  the  test sample. As au thor s  of t h e  method r e p o r t  (9)  success fu l ly  

apply ing  the  method t o  an SRC-I m a t e r i a l ,  i t  w a s  concluded t h a t  our  results 

were caused by e i t h e r  of  two th ings .  F i r s t ,  a l though t h e  s p e c i f i c a t i o n s  

s p e l l e d  ou t  i n  t h e  method were m e t ,  t he  Soxhle t  th imbles  were obta ined  f rom 

a d i f f e r e n t  manufacturer than  used by the  o r i g i n a t o r s  and t h e r e f o r e  may have 

been of a d i f f e r e n t  p o r o s i t y  a l lowing  f i n e  p a r t i c l e s  through. Second, t h e  

SRC used was d i f f e r e n t  than t h a t  repor ted  on and may have been ground to a 

d i f f e r e n t  average particle s i z e .  

Four of the methods worked b u t  were less p r e c i s e ,  r equ i r ed  more e f f o r t  

and produced ana lyses  a t  a lower r a t e  than they d i d  wi th  t h e  more t r a c t a b l e  

medium aspha l t ene  material. I n  s p i t e  of a l l  t h e  above, methods A,  B,  D and 
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E could be  used t o  ana lyze  high a spha l t ene  m a t e r i a l s  bu t  each w i l l  produce 

d i f f e r e n t  r e s u l t s  wi th  t h e  same material. C lea r ly  a s tandard  method is  

c a l l e d  f o r  bu t  whether one method can be devised  t h a t  w i l l  be  usab le  wi th  

c o a l  der ived  materials of widely vary ing  a spha l t ene  con ten t  is  problemat ica l .  
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Table 1. Average of 20 r e p l i c a t e  analyses of a sample of SRC. 

% Inso lub le s  % Asphaltenes % O i l s  
Method '' 1s c 1s f 1s 

A 37 I 3 52 L 3 1 2  c 2 

B 58 c 5 4 3  t 6 1.5 0.6 

C See Text 

D 64 2 3 27 C 4 14 ? 2 

E 49 ? 2 34 ? 2 22.0 t 0.8 
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