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ABSTRACT 

The purpose of  t h e  s tudy  was t o  develop a set  of  GPC c a l i b r a t i o n  

s t a n d a r d s  f o r  a s p h a l t e n e  and p reaspha l t ene  a n a l y s i s .  A series o f  o l i g o ( a r y 1  

e t h e r )  ( 1 )  - and o l igo(ary lmethy1enes)  ( 2 )  - from 170 t o  580 glmole were 

prepared v i a  modif ied Ul lmann-type r e a c t i o n s  ( e t h e r s )  and condensa t ion  o f  an 

a r y l  1 i thium d e r i v a t i v e  w i t h  an a r y l  carboxal  dehyde, f o l  lowed by r educ t ion  of 

t h e  r e su l  t i  ng carbon01 (methyl e n e s )  . These compounds were examined a s  

molecular  weight  c a l i b r a t i o n  s t a n d a r d s  f o r  GPC a n a l y s i s .  A n e a r l y  l i n e a r  

p l o t  was found t o  e x i s t  between t h e  l oga r i t hm of  molecular  weight  times rnol 

f r a c t i o n  hydrogen ve r sus  r e t e n t i o n  vo.lume w i t h  THF a s  the s o l v e n t  ( s e e  

F igure  6 ) .  F u r t h e r  t h i s  p l o t  was c o i n c i d e n t  w i th  commercial po lys ty rene  

s t a n d a r d s  (600-2000 g/mol) and w i t h  the m a j o r i t y  o f  o u r  l i g n i t e  de r ived  

a s p h a l t e n e s  and p reaspha l t enes .  

Work i n  o u r  l a b o r a t o r y  s u g g e s t s  t h a t  un ive r sa l  c a l i b r a t i o n  p l o t s  f o r  

the ge l  permeation chromatographic  (GPC) a n a l y s i s  of  1 i g n i t e  der ived  

preasphal  t e n e  and asphal  t e n e  1 i q u e f a c t i o n  products  a r e  p o s s i b l e  f o r  

de te rmin ing  number and weighted average  mol ecul  a r  wei g h t  va lues .  The d a t a  

i n d i c a t e s  t h a t  t h e  a c i d  c o n t e n t  (OH mmol/g) and t h e  hydrogen c o n t e n t  (mole 

f r a c t i o n  o r  H / C  mole r a t i o )  a r e  r e p r e s e n t a t i v k  o f  t h e  s o l u b i l i t y  parameters  

of  t h e  asphaltenes/preasphaItenes. Universal  c a l i b r a t i o n  p l o t s  based on the 

1 oga r i  t h m  o f  t h e  hydrodynamic volume , number average  mol ecu l  a r  wei g h t  t imes  

hydrogen c o n t e n t ,  r e s u l t  i n  a smooth curve  c o i n c i d e n t  w i t h  po lys ty rene  

s t a n d a r d s ,  model compounds, and 1 i g n i t e  de r ived  asphal  t e n e s l p r e a s p h a l  t enes .  

The d a t a  which s u p p o r t s  t h e  above hypo thes i s  i s  p r e s e n t l y  l i m i t e d  and has  

on ly  been measured f o r  l i g n i t e  de r ived  m a t e r i a l s .  



I. PURPOSE 

One impor tan t  facet  o f  t h e  c h a r a c t e r i z a t i o n  o f  coal  de r i ved  m a t e r i a l s  

i s  t h a t  o f  molecu lar  we ight  determinat ion.  Number average molecular  weight  

i s  usual  l y  ob ta ined by vapor pressure osmometry measurements. However, no 

s a t i s f a c t o r y  method i s  a v a i l a b l e  f o r  determining weight  average molecular  

weights. The l a t t e r  values a re  u s e f u l  i n  p r e d i c t i n g  rheo log ica l  p roper t i es .  

Gel permeation chromatography (GPC) i s  a technique which should be most 

r e a d i l y  adaptable f o r  t h i s  measurement. The o t h e r  techniques o f  

u l  t r a c e n t r i f u g a t i o n  and 1 i g h t  scattering are not as r e a d i l y  avai  1 ab le  as  

GPC. A t  t h i s  t ime,  s a t i s f a c t o r y  GPC e a l i b r a t i o n  standards which possess 

chemical s t r u c t u r e s  s i m i l a r  t o  coal  de r i ved  m a t e r i a l s  a re  non-existent .  

The purpose o f  t h i s  study i s  t o  develop d ubefu l  s e t  o f  GPC c a l i b r a t i o n  

standards f o r  asphal tene and preaspal tene analyses. Our prev ious  r e s u l t s  

suggest models i n  which coal  de r i ved  preasphaltenes and asphaltenes are  

composed o f  01 iqomer ic  aromat ic  e the rs  of bo th  diary1 and furan types. We 

p l a n  t o  synthesize a s e r i e s  o f  model ol igomers t h a t  a re  i n  agreement w i t h  

t h e  average s t r u c t u r a l  formulas o f  some se lec ted eoal preasphaltenes a s  

determined by pmr, elemental analyses and var ious  oxygen d e r i v a t i z a t i o n  

procedures. These model compounds w i l l  be t e s t e d  f o r  use as c a l i b r a t i o n  

standards f o r  bo th  h i g h  .pressure ge l  permeation chromatographic and vapor 

pressure osmometric procedures. T h e i r  response and r e t e n t i o n  t imes w i  11 be 

compared w i t h  coal  preasphaltenes t o  determine t h e  s u i t a b i l i t y  o f  t h e  model 

compounds as c a l i b r a t i o n  standards. 



11. OBJECTIVE AND SCOPE OF WORK 

Task 1 Syntheses o f  Model Oligomers 

Previous s tud ies  o f  t he  s t r u c t u r e  of asphaltenes and preasphaltenes 

suggest these coal  de r i ved  m a t e r i a l s  a re  composed o f  a carbon ske le ton  

composed o f  2-4 r i n g  aromat ic  centers  connected by e t h e r a l  o r  f u r a n  

l inkages.  Model o l igomers based on these types o f  s t r u c t u r e s  w i l l  be 

synthesized i n  t h e  molecular  weight  range o f  300 t o  800 g/mol. Oligomers 

w i l l  be synthesized w i t h  and w i t h o u t  pheno l i c  groups added t o  t h e  s t r u c t u r e .  

T a s k 2  Vapor PressureOsomometry 

The molecu lar  weights o f  t h e  model o l igomers w i l l  be measured by vapor 

pressure osmometric techniques. The model 01 igomers w i l l  be sent  o u t  f o r  

a n a l y s i s  by l i g h t  s c a t t e r i n g  i n  o rde r  t o  compare the  number average and 

we igh t  average molecul a r  weights.  The .number average molecu lar  weight  o f  

several  preasphal tene and asphal tene samples w i  11 be measured by vapor 

pressure osmometric techniques. P r i o r  t o  ana lys i s  t h e  samples w i  11 be 

separated i n t o  narrow molecu lar  we igh t  ranges by p r e p a r a t i v e  column GPC 

techniques. 

Task 3 Gel Permeation Chromatography 

A s e r i e s  o f  model o l igomers w i l l  be used t o  c a l i b r a t e  a h igh  pressure 

ge l  permeation chromatographic column. Samples o f  t h e  r e l a t i v e l y  narrow 

molecu lar  we igh t  ranges o f  preasphal tenes o r  asphal tenes w i  1 1 be t e s t e d  on 

t h e  column t o  determine i f  r e t e n t i o n  t imes a re  l i n e a r  f u n c t i o n s  o f  t h e  vapor 

pressure osmometric values. Several commercial packings, bo th  h igh  pressure 

and open column m a t e r i a l s ,  w i l l  be tes ted .  



111. PROGRESS TO DATE 

Task 3  Gel Permeation Chromatography Tes t i ng  

BACKGROUND 

The a p p l i c a t i o n  o f  GPC t o  the  c h a r a c t e r i z a t i o n  o f  coal  de r i ved  

m a t e r i a l s  has been s tud ied  by a  number o f  researchers (1-13).  Coleman e t  

a l .  (2-3) demonstrated t h a t  t h r e e  column packings; s tyrene-div iny lbenzene 

(Bio-Beads S-X4), cross-1 i nked  poly(acry loy1morphol  i n e )  , and . mod i f i ed  

a1 k y l a t e d  dex t ran  (Sephadex 'LH-20) polymers; cou ld  be used f o r  t h e  tiPC 

separa t i on  o f  THF and CHC13 s o l v e n t  r e f i n e d  coal  (SRC) f r a c t i o n s .  Schwager 

e t  a l .  (1) i s o l a t e d  f o u r  SRC dsp l~a l tene  f r a c t i o n s  by p r e p a r a t i v e  techniques 

us ing  Bio-Beads SX8. A 1  i n e a r  r e l a t i o n s h i p  between t h e  l o g a r i t h m  o f  number 

average mo lecu la r  we igh t  and r e t e n t i o n  volume was obser-ved u s i r ~ y  drr 

a n a l y t i c a l  p -s t y rage l  HPLC column. The a n a l y t i c a l  column was c a l  i bra ted  

w i t h  a  po rphy r i  n  , a  s e r i e s  o f  aromat ic  hydrocarbons, and p ropy l  ene g l y c o l s  

of known molecular  weight .  C u r t i s  e t  a l .  ( 4 )  s tud ied  the  c h a r a c t e r i s t i c s  o f  

an SRC (Amax) us ing  GPC techniques. The separa t ion  employed t h r e e  

p -s t y rage l  columns us ing  THF as  the  so l ven t  and was c a l i b r a t e d  w i t h  a  se r ies  

o f  po l ye thy lene  g l y c o l  and va r ious  po lynuc l  ear  aromat ic  hydrocarbon 

standards. Sephadex LH-20 has a l s o  been used t o  f r a c t i o n a t e  the  hexane 

s o l u b l e  p o r t i o n  o f  t h e  pyr4dSne e x t r a c t  f rom a  Sorachi coal  ( 5 ) .  Khan ( 6 )  

compared t h e  use o f  GPC and vapor pressure osnometry (VPO) t o  o b t a i n  

molecu lar  we igh t  da ta  f o r  t h e  hexane s o l u b l e  p o r t i o n  o f  t h r e e  H-coal 

l i q u i d s .  Two packings, p o l y v i n y l a c e t a t e  (Frac toge l  PVC 5UO) and styrene-  

d iv iny lbenzene copolymer (Topo Soda, G2000H10) were used as a n a l y t i c a l  

columns. C a l i b r a t i o n  o f  t he  columns was accomplished by VPO measurement o f  

number average molecu lar  we igh t  i n  to luene o f  p r e p a r a t i v e  sca le  f r a c t i o n s  

ob ta ined f rom a  Frac toge l  column. 



The above work has demonstrated t h a t  t h e  q u a n t i t a t i v e  i n t e r p r e t a t i o n  of 

GPC chromatograms r a i s e s  two problems. F i r s t ,  t h e  response o f  t h e  de tec to r  

must remain constant  on a  per  weight  bas i s  over  t h e  molecular  range (i.e., 

type and d i s t r i b u t i o n  o f  chromophores must be constant ) .  A  constancy of uv 

absorbance pe r  gram f o r  a  s e r i e s  o f  SRL m a t e r i a l s  has been repor ted  i n  work 

by Ruud (9 ) .  Th is  p o i n t  needs t o  be i n v e s t i g a t e d  more thorough ly  i f  

weighted average molecular  weights a re  t o  be c a l c u l a t e d  f rom GPC columns. A 

second problem, which i s  t h e  focus of t h i s  research, i s  t h e  establ ishment o f  

t h e  response curve w i t h  s u i t a b l e  c a l i b r a t i o n  standards. 

The establ ishment o f  a  s i n g l e  c a l i b r a t i o n  p l o t  f o r  t h e  GPC ana lys i s  of 

coal  der ived m a t e r i a l s  appears t o  be a t  f i r s t  glance a  v i r t u a l l y  , impossible 

/' task  because o f  t h e  many s e r i e s  o f  homologous compounds each of which may 

// have i t s  own r e l a t i o n s h i p  of, s;ze, shape, and mo1,ecular weight  w i t h  

/' r e t e n t i o n  t ime. For example, r i g i d  molecules 1  ik/e aromatics have smal le r  

molecular  volumes than do s t r a i g h t  cha in  hydrocarbons o f  t h e  same molecular  

weight  (12) .  Anthony and P h i l i p  (12)  have shown t h a t  hydrogen-bonding i n  

THF as t h e  chromatographic so l ven t  leads t o  t h e  fo rmat ion  o f  1: l  adducts 

w i t h  such compounds as phenol , p y r i d i n e ,  o r  q u i n o l  i n e  r e s u l t i n g  i n  molecular  

s izes  1  a rge r  than a  f o u r  membered aromat ic  r i n g  hydrocarbon. Molecul a r  

shape and leng th  a re  key fac to rs  i n  t h e  GPC technique. A  s o l u t i o n  t o  t h e  

above problem i s  t o  use un ive rsa l  c a l i b r a t i o n  p l o t s .  The i n t r i n s i c  o r  

l i m i t i n g  v i s c o s i t y  o f  t h e  substance analyzed i s  inc luded i n  t h e  c a l i b r a t i o n  

p l o t  where t h e  l o g a r i t h m  o f  t h e  product  of l i m i t i n g  v i s c o s i t y  and molecu lar  
I 

weight  i s  p l o t t e d  versus t h e  r e t e n t i o n  . t i m e  o r  volume. B r u l e  (14) has shown 

t h a t  such an approach i s  s a t i s f a c t o r y  f o r  t h e  GPC ana lys i s  of petroleum 

asphaltenes us ing  po lys ty rene standard ol igomers. The advantage o f  a  

un ive rsa l  c a l i b r a t i o n  p l o t  i s  t h a t  t h e  graph approaches a 1  i n e a r  func t i on  o f  



t h e  hydrodynamic volume o f  t h e  so lu te .  The hydrodynamic volume i s  

p r o p o r t i o n a l  t o  t h e  product  o f  molecu lar  weight  and t h e  l i m i t i n g  s o l u t i o n  

( i n t r i n s i c )  v i s c o s i t y .  Narrow molecular  weight  f r a c t i o n s  should fa1  1  on t h e  

same curve regard less  o f  polymer type. The. disadvantage o f  t h e  technique i s  

t h a t  l i m i t i n g  v i s c o s i t y  must be measured f o r  each e l u e n t  f r a c t i o n  du r ing  t h e  

separat ion.  Our p r e l i m i n a r y  data suggest t h a t  t he  H/C r a t i o  can be used i n  

p lace  o f  t h e  l i m i t i n g  value. The l i m i t i n g  v i s c o s i t y  i s  a  measurement of a  

s e r i e s  o f  v i s c o s i t y  val.ues ex t rapo la ted  t o  i n f i n i t e  d - i l u t i u n .  The 

measurement of 3-5 v i s c o s i t y  values can be r a t h e r  t i n e  consuming compared t o  

t h e  a n a l y s i s  o f  a  H/C o r  mole f r a c t i o n  o f  hydrogen present  i n  t h e  sample. 

Coal t a r s  (15) and coal  der ived asphal tenes/preasphal tenes ( 1 )  behave 

as i f  they c o n s i s t  o f  members o f  d i f f e r e n t  homologous s e r i e s  ( s i m i l a r  types 

o f  compounds). Suuberg (15)  s tud ied  t h e  molecular  weights o f  coal t a r s  

formed by f l a s h  p y r o l y s i s  o f  bi tuni inous coa ls  and found t h a t  these 

substances f i t  a  l i n e a r  p l o t  o f  t h e  l o g a r i t h m  o f  molecular  weight  versus 

r e t e n t i o n  t imes f o r  t h e  range 500 t o  2500 g/mol. The t a r s  d i d  no t  f o l l o w  

t h e  same l i n c a r  p l o t  as a  . s e r i e s  o f  po lys ty rene standards h1.1t. wPrsc! 

c o n s i s t e n t l y  e l u t e d  a t  l a r g e r  volumes f o r  t h e  same molecular  weight o f  

po lys ty rene.  Th is  response would be e x a c t l y  what one would expect f o r  coal 

t a r s  which con ta in  polycondensed aromatics and few a l i p h a t i c  groups as 

opposed t o  t h e  benzene and a l i p h a t i c  groups o f  polystyrene.  

Schwager and Yen ( 1 )  showed t h a t  coal  der+.ived asphaltenes have a l i n e a r  

response o f  t he  l o g a r i t h m  molecular  weight  and r e t e n t i o n  volume when us ing 

benzene as t h e  so l ven t  and micro-s ty rage l  as t h e  a n a l y t i c a l  HPLC column. 

There was cons iderab le  s c a t t e r  i n  the  po.ir l ts on t h e  p l o t  when one examines 

one process r e l a t i v e  t o  another. The column was c a l i b r a t e d  w i t h  a  se r ies  o f  

aromat ic  hydrocarbons and propylene g l y c o l s  o f  known molecular  weight.  The 



asphaltene samples tes ted were isolated by preparative GPC techniques and 

the molecular weights determined by vapor pressure osmometry. 

RESULTS AND DISCUSSION 

Work in our own laboratory suggests tha t  there i s  good reason to  expect 

tha t  coal and l ign i t e  derived asphaltenes and preasphaltenes may be analyzed 

f o r  molecular weight using a universal cal ibrat ion curve based on hydrogen 

content. Our data f o r  t h i s  postulate takes two forms, so lubi l i ty  

relationships to  s t ructure and our own GPC molecular weight analyses of a 

se r i e s  of l i g n i t e  derived asphaltenes and preasphaltenes. 

( a )  Solubi l i ty  Relationships. 

For the past several years our group has been investigating the 

difference between a large number o f '  l i g n i t e '  derived asphaltenes and 

preasphaltenes (16).  Over 100 d i f fe rent  samples were obtained from the 

University of North Dakota Energy Research Center ( U N D E R C ,  formerly GFETC).  

The l i g n i t e  and coal derived products were obtained under a range of 

temperatures from 400' t o  480°C, under hydrogen or  hydrogen-carbon monoxide 

pressures from 1500 t o  4000 psi and various donor solvent conditions. The 

samples were fractionated into asphaltenes and preasphaltenes by solvent 

extraction using toluene and tetrahydrofuran (THF). The ext rac ts  were 

fur ther  fractionated by preparative GPC techniques. The i so1 ated fract ions 

were then analyzed f o r  elemental composition, number average mo1 ecul a r  

weight by VPO using pyridine as the solvent,  hydroxyl oxygen content by 

acetylation procedures and carbon s tructure by NMR techniques. 

Plots of mol H/mol C ,  mol H/mol (O+S+N+C), and edge aromatic 

carbons/total aromatic carbons ( H a r u / C a r )  versus ac id i ty  (mmol / g )  were 

constructed. All the plots  show a s imilar  d i f fe rent ia t ion  between the 



asphaltenes and preasphal tenes as i l l u s t r a t e d  i n  F igure  1 f o r  mol H/mol 

(O+S+N+C). F igu re  1 shows n e a r l y  a  complete separa t ion  o f  t h e  asphaltenes 

and preasphal tenes i n t o  two d i s t i n c t  reg ions  o f  t h e  graph. 

From s o l u b i l i t y  parameter theory  f o r  r e g u l a r  s o l u t i o n s  t h e  a c t i v i t y  

c o e f f i c i e n t ,  yi, f o r  a  s o l u t e  i d i s s o l v i n g  i n t o  so l ven t  j i s  g iven by 

Equat ion 1 (17) ,  where 6 i s  t h e  va lue  of t h e  H i ldebrand s o l u b i l i t y  parameter 

o f  t h e  so l ven t  o r  s o l u t e  and Vi i s  t he  molar  volume o f  t h e  so lu te .  For 

maximum s o l u b i l i t y  t h e  a c t i v i t y  c o e f f i c i e n t  should approach u n i t y  and thus 

i t  i s  d e s i r a b l e  t o  have = 6 
j 

The r u l e  o f  thumb used i n  o rgan ic  

chemis t ry  i s  t h a t  ' l i k e s  d i s s o l v e  l i k e s ' .  The s o l u b i l i t y  reg ions  de f i ned  by 

F i g u r e  1 suggest t h a t  t h e  o rd ina te ,  hydrogen t o  o t h e r  elements, i s  a  

f u n c t i o n  o f  t h e  n and d i s p e r s i v e  i n t e r a c t i o n s  o f  t h e  coal  ma t te r  w h i l e  t he  

abscissa,  m o l e s  OH/g, i s  a  f u n c t i o n  of t h e  hydrogen bonding. C l e a r l y  t he  

t o t a l  hydrogcn and hydroxyl  contents  a re  d e c i s i v e  parameters for 

e s t a b l i s h i n g  t h e  benzene o r  THF s o l u b i l i t y  of t h e  coal  ma te r i a l s .  

Equat ion 1 p r e d i c t s  an increase o f  t h e  s o l u b i l  i t y  a c t i v i t y  c o e f f i c i e n t  

w i t h  i nc reas ing  molar  volume of t h e  so lu te .  Several at tempts were made t o  

i n c l u d e  V i n  t h e  c o r r e l a t i o n s  by p l o t t i n q  Loq (H/C + MW) o r  Log (H/C + 

MW/10) versus t h e  a c i d i t y  of t h e  samples. Th i s  approach always mixed t h e  

asphal tene and preasphal tene regions.  Asphaltenes and preasphaltenes have 

cons iderab le  ove r lapp ing  of t h e  molecu lar  weights a l though on the  average 

t h e  t o t a l  preasphal tene sample i s  severa l  hundred grams/mole h ighe r  f o r  t he  

same process. We d i d  observe f o r  a  s e r i e s  of samples ob ta ined f rom t h e  same 



A c i d i t y ,  mmoles OH/g 

F igu re  1. The hydrogen and a c i d  con ten t  o f  asphal tenes ( A )  and 

preasphal tenes ( P )  f r a c t i o n s .  T o t a l  preasphal tene ( R )  and t o t a l  

asphal tenes ( B )  a r e  a1 so p l o t t e d  ( u n f r a c t i o n a t e d )  . 



process conditions that  the molecular weight increased as the H/C mole rat io 

decreased. Therefore the influence of molar size on the solubility i s  

par t ia l ly  taken into account when the hydrogen parameter i s  used in such 

plots as Figure 1. 

The solubil i ty parameters aH and have great impact upon the 

resulting hydrodynamic volume and ultimately upon the GPC response of . a n  

asphaltene or preasphaltene because the matchup w i t h  the solvent 6 value 

will determine how well the molecule will open u p  or f i t  Intc the solvent. 

This explains the mu1 t i  tude of possible logarithm molecular weight versus 

retention time plots that  one observes for  different coal processes. The 

influence of hydroxyl content both on the 6 value and possible association 

of the solute can be minimized by derivatization of the group t o  prevent 

hydrogen bonding. This was done in the past experiments using acetylation 

techniques. In the future, methylation might also be helpful. The hydrogen 

content could then be used in place of limiting viscosity in universa.1 GPC 

cal-ibration plots because i t  i s  a measure of such parameters as molecular 

volume, how the molecule spreads i t se l f  i n  the solvent, T-IT interactiuns, 

and structural features such as shortening of the molecule due to aromatic 

condensation. 

( b )  GPC Analysis (18). 

In order t o  t e s t  the hypothesis that the log (MW x H / C ) .  versus 

retention time can be used as a cailbratlon plot four sets  u f  s a ~ ~ ~ p l e s  

(41,46,32,34 runs) were analyzed by GPC techniques. The forty series 

samples were produced under continuous flow conditions with recycle of par.t 

of the vacuum bottoms a t  460°C and nearly 100 h into the run. The thir ty 

series were prepared a t  the same temperature with single passes of 

anthracene oil  in a s t i r red  reactor. 



A n a l y t i c a l  sca le  GPC analyses (HPLC) of several  o f  t h e  f r a c t i o n a t e d  

asphaltene and preasphaltene samples were c a r r i e d  o u t  us ing  t h r e e  10 nm and 

one 50 nm micro-s ty rage l  columns i n  se r ies ,  w i t h  te t rahyd ro fu ran  as t h e  

mobi le  phase. The samples had been a c e t y l a t e d  p r i o r  t o  t h e  separat ions.  

The de te rm ina t i on  o f  t h e  number average molecu lar  we igh ts  o f  t h e  

asphaltene and preasphaltene SRL f r a c t i o n s  by vapor pressure osrnornetry (VPO) 

made i t  p o s s i b l e  t o  e s t a b l i s h  t h e  exper imenta l  r e l a t i o n s h i p s  between e l u t i o n  

volume i n  t h e  a n a l y t i c a l  GPC and molecu lar  weight .  Band broadening o f  t h e  

peaks as shown i n  F igu re  2 i s  a f u n c t i o n  o f  t h e  number o f  t h e o r e t i c a l  p l a t e s  

o f  t h e  column and t h e  p o l y d i s p e r s i t y  o f  t h e  sample. The column system was 

found t o  have 7,500 p l a t e s  when us ing  pyrene i n  THF. The p o l y d i s p e r s i t y  
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F igure  2 .  Typ ica l  GPC Separa t ion  



r a t io s  (Mw/Mn) of the SRL sampl es were measured using commercial polystyrene 

f o r  cal ibrat ion of the molecular weight and retention volumes assuming a 

1 inear  response. The polydi spersi  ty  r a t io  f o r  each of the polystyrene 

standards was 1.3. The range of polydispersity values of the SRL fract ions 

was found to  be 1.05 t o  1.3. 

Figure 3 shows the plot of the logarithm of molecular weight versus 

retention volume f o r  the for ty ser ies  asphal tenes ( A )  and preasphal tenes 

( P ) .  A se r i e s  of polystyrene standards ( X )  fs added t o  t h e  plot fo r  

comparisnn. I t  i s  clear t h a t  each so-lubi l i t y  type . . f a l l s  lntu a b p e ~ i a l  

hornug~lous se r i e s  s l igh t ly  d i f fe rent  from the other.  Figure 4 shows the 
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Figure 3. Logarithm Molecular Weight versus Retention Volume 
X = polystyrene s td.  , A = asphal tene,  P = preasphal tene 



p l o t  o f  t h e  l o g  (MW x H/C) versus r e t e n t i o n  t ime  f o r  t h e  f o r t y  s e r i e s  

samples. The asphaltenes and preasphaltenes now f a l l  on t h e  same smooth 

curve. Po lys ty rene standards a re  added t o  t h i s  curve f o r  comparison. A 

p l o t  o f  l o g  (MW x HarUCar) versus r e t e n t i o n  f i t s  a l l  t h e  data w e l l  except  

t h a t  t he  po l ys t y rene  standards a re  s l i g h t l y  h igh.  A p l o t  o f  l o g  (MW x XH) 

versus r e t e n t i o n  volume g ives  a graph s i m i l a r  t o  F igu re  4 w i t h  po l ys t y rene  

f i t t i n g  t h e  same smooth curve (F igure  5 ) .  F igu re  6 i nc ludes  t h e  l i g n i t e  

samples and low molecu lar  we igh t  models as f u n c t i o n s  o f  l o g  (MW x HH) and 

t h e  r e t e n t i o n  volume. Most o f  t he  model compounds g i v e  a good f i t  t o  t h e  

da ta  except f o r  t he  pheno l ics  which show an extreme p o s i t i v e  d e v i a t i o n  as 

i n d i c a t e d  i n  F igu re  6. Hydrogen bonding o f  these phenols t o  t h e  so l ven t  

(THF) g i v e  an apparent h i g h e r  molecular  weight  than a c t u a l  s o l u t e  va lue  

(18) 

F igu re  4. Logar i thm (Molecu lar  Weight x H / C )  versus Retent ion  Volume, 
A = Asphaltene, P = Preasphaltene, X = Po lys ty rene Std. 
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Figure 5. Logarithm (Molecular Weight x Mole Fraction H )  versus 
Retention Volume; + = Lignite asphaltene o r  preasphaltene; 
H = polystyrene Sed. 

In summary, t h ~  GPC d a t a  demonstrate t h a t  universal ca l ib ra t ion  p lo t s  

involving t h e  H / C ,  H a r U C a r  o r  XH a re  good candidates f o r  the  molecular 

weight analyses of coal o r  1 i g n i t e  derived asphal tenes and preasphal tenes.  

TWO of the  f a c t o r s ,  H / C  o r  X H ,  should be easier q ~ r a n t i t i e s  t o  measure than 

l imi t ing  v i scos i ty  values o f  the  e luent  O F  a GPC column, while the  H a r u / C a r  

ratio would requ i re  NMR analys is  plus elemental ana lys i s ,  



Reten t i on  Vol .  ,ml 

F i gu re  6 .  Loga r i  thm(Molecu1ar Weight x x,,) versus Re ten t i on  Volume, 

1 = model compounds, 0 = 1 i g n i t e  samples, 2 = phenol i c s .  
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