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I.  ABSTRACT 

A new method of s t r u c t u r a l  a n a l y s i s  i s  app l i ed  t o  a  group of 

hydro l ique f i ed  coa l  samples. The method uses  e lementa l  a n a l y s i s  and NMR d a t a  

t o  e s t ima te  t he  concen t r a t ions  of f u n c t i o n a l  groups i n  the samples. The 

samples i nc lude  o i l  and asphal fene  f r a c t i o n s  obta ined  i n  a s e r i e s  of 

hydro l iqne fac t ion  experiments,  and a  s e t  of 9 f r a c t i o n s  separa ted  from a - 'i 
coal-derived o i l .  The s t r u c t u r a l  c h a r a c t e r i z a t i o n  of t h e s e  samples 

demonstrates  t h a t  e s t i m a t e s  of f u n c t i o n a l  group concen t r a t ions  can b e  used t o  

provide  d e t a i l e d  s t r u c t u r a l  p r o f i l e s  of complex mix tu re s  and t o  o b t a i n  l i m i t e d  

informat ion  about  r e a c t i o n  pathways. 



Statement of Work Outline 

A. Preparation of coal liquid fractions and pure compounds for 
hydroprocessing reaction studies 

1. Fractions of coal-derived liquids separated by preparative 
chromatography 

2. Detailed characterization of each fraction 

B. Conversion of coal-liquid fractions in high-pressure microreactors 

*3.  Aged H-Coal catalysts 

C. Analysis of reaction products 

1. Physical and chemical characterization 

2. Determination of relative reactivities for hydrogenation, 
hydrocracking, and removal of heteroatoms 

**3. Formulation of reaction networks 

D. Investigation of the role of hydrogen-donor molecules in catalytic 
hydrogenation and hydrodeni trogena tion of synthetic coal-derived liquid 
fractions 

1. Hydrogen-transf er reactants--biphenyl, quinoline, and 
acridine separately in hexadecane carrier oil 

2. Three or more coreactants and inhibitors--quinol ine, 
acridine, and carbazole in heterocyclic and aromatic 
solvents 

3. Synthetic coal-derived liquids with all important components 
proportionately represented 

E. Characterization of aged H-Coal caalyst by electron microscopy, 
microprobe analysis, and other hhysical nethods 

F. Representation of results in terms of engineering reaction networks and 
kinetics. 

---- -- 
*Insofar as time allows and samples can be obtained. 

**As data warrant. 



111. PROGRESS TO DAZE: W ~ r k  Schedule 



IV. CUMULATIVE EXPENIITURES BY QUARTER 

SUPPLIES & GULF 
QUARTER PERSONNEL 'TRAVEL EXPENSES SUBCONTRACT EQUIPMENT MISCELLANEOUS* OOVERHEAD 

F i r s t  
5115179- 
8'1517 9 

Second 
8115179- 
11 /15 /79  

Third 
11115179- 
2 /15 /80 

Fourth 
2/15/  80- 
51151 80 

F i f t h  
51151 80- 
8 /15 /80 

Six th  
81 151 80- 
11 /15 /80  

Seventh 
111151 80- 
2/151 81 

Eighth 
2/151 81 
51 151 8l 

Ninth 
51151 81- 
W151 81 

Tenth 
8115181- 
111151 a 
Eleventh 
11/15/81- 
U 1 5 1  82 

Twelfth 
21 151 82- 192,289 9,36 8 41,7 99 11 9,6 95 26,122 
51 151 82 



: * 

IV. CUMULATIVE EXPENDITURES BY QUARTER 

Thirteenth 

Fourteenth 
81 1 51 82- 210,071 10,837 49,947 131,900 26,121 6,815 
111151 82 

109,632 

Fifteenth 

BUDGET 217,102 15,000 88,000 132,000 30,000 42,808 143,128 

*Maintenance, Info. Processing 

TOTAL BUDGET: $660,945 TOTAL EXPENDED TO DATE: $583,307 



V. EXPERIMENTAL WORK, mSULTS AND DISCUSSION 

INTRODUCTION 

Characterizing the structures of fuels derived from coal is an 

important step in developing an understanding of the chemistry of coal 

reactions. The determination of exact chemical structures of coal liquids 

from elemental composition, Nuclear Magnetic Resonance (NMR) and possibly 

other analytical data is an underdetermined problem, however, because of the 

complexity and variety of the molecules in the liquids. Since the molecular 

structures cannot be fully delineated, recourse must be made to approximate 

characterization methods. The data on which such characterizations are most 

commonly based ark elemental analysis, IH nmr spectra, and less routinely, l 3 ~  

nmr spectra. 

Structural characterization most frequently takes the form of a 

representative molecular structure, or a set of average parameters, such as 

carbon aromaticity, avcrage length of alkyl chains, and the degree of aromatic 

substitution(l-5). In this work, we apply an a1 ternative method of structural 

characterization, termed functional group analysis. The goal of functional 

group analysis is to calculate the concentrations of the functional groups 

present in the sample. The method is based on the premise that although the 

number of individual molecular  specie.^ in a coal liquid is large, most of 

these species are comprised nf a limited number of functional groups. The 

relative concentrations of the functional groups determine the chemical 

behavior of the liquids. Thus, calculating the concentrations of the major 

functional groups is a useful structural chaxacterization. 



A set of functional groups appropriate for the characterization of 

hydrotreated coal liquids is given in Figure 1. This set is not a complete 

listing of all structures known to be present in coal liquids. Rather, it is 

a concise representation of the major structural features of hydrotreated coal 

liquids, i.e., aromatic clusters. hydroaromatic groups, alkyl chains, bridges 

and heteroatomic groups. The method of functional group analysis seeks to 

calculate the concentrations of these groups utilizing elemental composition, 

WdR, and possibly other supplemental data. A. extensive description of the 

methodology has been given(6). Briefly. the NMR and elemental analysis data 

are used to construct linear balance equations. In these balance equations, 

the concentration of each atomic species is expressed as a sum of the 

contribution from the functional groups, each with a suitable stoichiometric 

coefficient. For example, the concentration of aromatic carbon equals 6 times 

the concentration of monoaromatic gronps plus ten times the concentration of 

diaromatic gronps plus.. .. . The set of balance equations..can be written 
.. . 

succinctly in the matrix form 

where yj (j=l, ... n) are the unknown functional group concentrations, bi 
( i=l, . . .m) are atomic species concentrations and Aij are stoichiome tric 
coefficients. The number of eqnations is smaller than the number of nnknowns, 

m<n. 

In addition to the constraints imposed by the balance equations, there 

are the constraints of non-nega tive concentrations 



Equations 1 and 2 d e f i n e  a  space of f e a s i b l e  s o l u t i o n s .  The s t r u c t u r e  of t he  

c o a l  l i q u i d  i s  c h a r a c t e r i z e d  by s e l e c t i n g  a  s i n g l e  s o l u t i o n  from t h e  f e a s i b l e  

space. To s e l e c t  a s o l u t i o n ,  we adopt a  procedure t h a t  i s  computa t iona l ly  

s t r a igh t fo rward .  The s e t  of concen t r a t ions  Yi....yn i s  s e l e c t e d  such t h a t  a  

f u n c t i o n  P(yi. ... . yn) i s  minimized. The f  orm of t h e  f u n c t i o n  depends on what, 

i f  any, d a t a  a r e  a v a i l a b l e  i n  a d d i t i o n  t o  e lementa l  a n a l y i s  and NMR. For  

example, i f  no d a t a  a r e  a v a i l a b l e  o t h e r  than  t h e  c o n s t r a i n t s  of equa t ions  1 

and 2,  equat ion  3 i s  minimized. 

where Ni i s  t h e  number of func t iona l  groups con ta in ing  s p e c i e s  i. Equat ion 3 

was cons t ruc ted  by assuming t h a t  t he  d i s t r i b u t i o n  of atomic s p e c i e s  among he 

f u n c t i o n a l  groups was random(6) . Concent ra t ions  obta ined  by minimizing t h i s  

equat ion  s u b j e c t  t o ' t h e  c o n s t r a i n t s  of equat ions  1 and 2  were found t o  be i n  

good agreement w i t h  f u n c t i o n a l  group concen t r a t ions  based on h i g h  r e s o l u t i o n  

mass s p e c t r a l  d a t a  and wi th  the  r e s u l t s  of o t h e r  methods of s t r u c t u r a l  

a n a l y s i s ( 6 ) .  The f u n c t i o n  t o  be minimized can be  modif ied t o  i n c o r p o r a t e  

q u a l i t a t i v e  informat ion  based on da t a  o t h e r  than  NMR and elemental  a n a l y s i s .  



For example, t he  f u n c t i o n  t o  be  minimized i f  h igh  r e s o l u t i o n  mass s p e c t r a  a r e  

a v a i l a b l e  i s  equa t ion  4 .  

where f i  i s  the  c o n c e n t r a t i o n '  of f u n c t i o n a l  group i p r e d i c t e d  by the  mass spec 

d a t a ( 6 ) .  

I n  t h i s  work, f u n c t i o n a l  group concen t r a t ions  w i l l  b e  es t imated  f o r  

two s e t s  of s y n t h e t i c  f u e l  samples u t i l i z i n g  e lementa l  ' a n a l y s i s ,  IH NnlR and 

I ~ c  NbIR da ta .  The f i r s t  s e t  of samples i s  a group of 10 f r a c t i o n s  of a  

s o l v e n t  r e f i n e d  coa l .  Analys is  of t hese  samples w i l l  qemonstrate  how the  

f u n c t i o n a l  group method can be used t o  provide  d e t a i l e d  d e s c r i p t i o n s  of 

complex mixtures .  The second s e t  of samples i s  a group of a spha l t ene  and o i l  

, f r a c t i o n s  obta ined  i n  a  s e r i e s  of c o a l  h y d r o l i q u e f a c t i o n  experiments.  The 

f u n c t i o n a l  group c o n c e n t r a t i o n s  obta ined  f o r  t hese  samples w i l l  h e l p  t o  

i d e n t i f y  l i q u e f a c t i o n  pathways. 

I n  an e x t e n s i v e  s e r i e s  of experiments ,  Powhatan #5 c o a l  was 

hydroprooessed under a  v a r i e t y  of condi t ions .  Experimental p rocedures  a r e  

g i v e n  below and t h e  c o a l  l i q u i d s  ob ta ined  a r e  l i s t e d  i n  Table 1. 



solvent ~efined Coal Fractions 

A heavy d i s t i l l a t e  ob ta ined  from a  50 ton lday  SRC-I1 demonst ra t ion  

p l a n t  ope ra t ing  wi th  Pomhatan #5 c o a l  was f r a c t i o n a t e d  us ing  a  SARA 

chromatographic procedure(7)  . The goal  of t h e  s e p a r a t i o n  mas t o  i s o l a t e  

he te roa tomic  f u n c t i o n a l i t i e s .  The t e n  pr imary f r a c t i o n s  obta ined  mere n e u t r a l  

o i l s  (72.5 w t % ) ,  a sphal tenes  (8.9%). ve ry  weak bases  (2.7%), weak bases  

(1.9%). s t rong  bases  (6.0%), very  weak a c i d s  ( l . l % ) ,  weak a c i d s  (1.221, s t r o n g  

a c i d s  (0.2%). n e u t r a l  r e s i n s  (1.270) and s a t u r a t e s  (4.5%). Elemental 
. . 

composition, NMR and 13c NMR d a t a  were obta ined  f o r  . t h e  f r a c t i o n s .  The 

d a t a  a r e  g iven  i n  Table 2.  

Hvdrol iquef ied  Coal Samples 

A group of pentane s o l u b l e  and to luene  so lub le lpen tane  i n s o l u b l e  

e x t r a c t s  were obta ined  from the p roduc t s  of a  s e r i e s  of au toc lave  experiments.  

The samples were prepared  by shaking a  r e a c t o r  con ta in ing  5  g  of a  Powhatan #5 

c o a l  and 5  g  of a  l i q u e f a c t i o n  s o l v e n t  i n  a  hea ted  f l u i d i z e d  sand bath.  The 

r e a c t o r  c o n s i s t e d  of a  22  m l  s t a i n l e s s  s t e e l  bomb w i t h  a  .64 cm (114-in.) 

s t a i n l e s s  s t e e l  gas  i n l e t  tube. I n  each run, the r e a c t o r  was p r e s s u r i z e d  t o  

11.0 m a  (109 atm) with hydrogen and was shaken i n  t h e  sand b a t h  f o r  t h e  

s p e c i f i e d  time. Not inc luded  i n  the nominal r e a c t i o n  time was the  r e a c t o r  

h e a t i n g  time, i .e .  the  time r equ i r ed  f o r  t he  r e a c t o r ' s  i n t e r n a l  tempera ture  t o  

r each  w i t h i n  1 ° C  of the  sand both  t cnpe ra tu re .  Heating time mas found t o  be 4 

minutes a t  bo th  400 and 460°C. 

A f t e r  the  necessary  time had e l apsed ,  t h e  r e a c t o r  was removed from t h e  

sand b a t h  and cooled wi th  an a i r  j e t .  About 2  minutes  were r e q u i r e d  t o  coo l  

t h e  sample t o  300°C. Af t e r  7  t o  10 minutes of cool ing ,  t h e  r e a c t o r  was 

immersed i n  crushed dry  i c e .  The r e a c t i o n  products  were removed from t h e  



r e a c t o r  w i t h  a  methylene c h l o r i d e  mash. The methylene c h l o r i d e  was then  

d r i v e n  o f f  a t  room tempera ture  by a  n i t r o g e n  purge. Pentane and to luene  

e x t r a c t s  were ob ta ined  by succes s ive  Soxhle t  e x t r a c t i o n s .  The pentane and 

to luene  were d r i v e n  o f f ,  a long w i t h  t h e  l i q u e f a c t i o n  so lven t ,  by h e a t i n g  t h e  

e x t r a c t s  a t  60°C under  a  n i t r o g e n  stream. 

. The r e a c t i o n  c o n d i t i o n s  were v a r i e d  t o  determine the  e f f e c t  of 

s o l v e n t ,  t empera ture  and r e s idence  time on product  s t r u c t u r e .  T e t r a l i n  and 

t h e  SRC-I1 heavy d i s t i l l a t e  (SHD) desc r ibed  above were c h 0 s e n . a ~  s o l v e n t s  t o  

r e p r e s e n t  d i f f e r e n t  hydrogen donat ing c a p a b i l i t i e s .  Experiments were done a t  

two t empera tu re s  and t h r e e  r e s idence  times. 

P ro ton  MR, 13c NMR and e lementa l  a n a l y s i s  d a t a  were obta ined  f o r  each 

of t h e  samples. The r e s u l t s  of the  e lementa l  a n a l y s i s  and t h e  y i e l d s  of t h e  

e x t r a c t i o n s  a r e  l i s t e d  i n  Table 3 .  The NMR d a t a  a r e  g iven . , i n  Table 4. Sharp 

peaks a t  6.8 and 2.2 ppm were noted i n  t h e  IH s p e c t r a  of some of t h e  to luene  

e x t r a c t s .  The peaks were b e l i e v e d  t o  be the  r e s u l t  of r e s i d u a l  t o l u e n e  from 

t h e  e x t r a c t i o n s ,  and were s u b t r a c t e d  from t h e  spec t r a .  I n  a l l  c a ses ,  t he  

t o luene  p r e s e n t  r ep re sen ted  l e s s  than  9% of the sample. 

RESULTS AND D I  S  Lll S SI ON 

For  each  l i q u i d  sample, t h e  c o n c e n t r a t i o n s  of t h e  f u n c t i o n a l  groups 

l i s t e d  i n  F i g u r e  1 were c a l c u l a t e d .  I n  some cases ,  f u n c t i o n a l  groups were 

a s s igned  c o n c e n t r a t i o n s  of zero.  For example, when s e p a r a t i o n  procedures  mere 

s p e c i f i c a l l y  des igned  t o  exclude c e r t a i n  f u n c t i o n a l i t i e s ,  e.g., pheno l i c s  i n  

t h e  n e u t r a l  o i l  f r a c t i o n  of the  SRC heavy d i s t i l l a t e ,  the  c o n c e n t r a t i o n s  of 



t hose  f u n c t i o n a l i t i e s  were s e t  equal  t o  zero.  IR s p e c t r a  were p a r t i c u l a r l y  

h e l p f u l  i n  de te rmining  t h e  presence o r  absence of some f u n c t i o n a l  groups i n  

the  samples. 

The r e s u l t s  of t h e  f u n c t i o n a l  group a n a l y s i s  f o r  bo th  s e t s  of samples 

a r e  d iscussed  below. For the hydro l ique f i ed  samples, t h e  f u n c t i o n a l  group 

c o n c e n t r a t i o n s  were obta ined  by minimizing equa t ion  3 sub j  e c t  t o  t h e  

c o n s t r a i n t s  of equat ions  1 and 2. The concen t r a t ions  obta ined  f o r  t h e  SRC 

f r a c t i o n s  were s e l e c t e d  by minimizing a  f u n c t i o n  which u t i l i z e s  q u a l i t a t i v e  

d a t a  based on IH NMR s p e c t r a ( 8 ) .  Use of two d i f f e r e n t  methods of s e l e c t i n g  a  

p a r t i c u l a r  s o l u t i o n  from the  f e a s i b l e  spaceemphasizes t h e  v e r s a t i l i t y  of t h e  

f u n c t i o n a l  group a n a l y s i s  a lgor i thm i n  handl ing  new sources  of da ta .  

Solvent  Refined Coal F r a c t i o n s  

The samples examined h e r e  a r e  t h e  f r a c t i o n s  obta ined  from a  SRC-I1 

heavy d i s t i l l a t e  was separa ted  i n t o  t e n  f r a c t i o n s  which d i f f e r  p r i m a r i l y  i n  

t h e  he te roa tomic  f u n c t i o n a l i t i e s  which they  conta in .  I R  and NhiR s p e c t r a  were 

used t o  i d e n t i f y  t h e  f u n c t i o n a l  groups p r e s e n t  i n  each f r a c t i ~ n ( ~ * l o )  . 

Func t iona l  group a n a l y s i s  was app l i ed  t o  each of the t e n  f r a c t i o n s  and 

t h e  r e s u l t i n g  c o n c e n t r a t i o n s  a r e  g iven  i n  Table 5 .  The concen t r a t ions  were 

obta ined  by s e l e c t i n g  the  s o l u t i o n  which had a  d i s t r i b u t i o n  of aromatic  r i n g  

s i z e s  c l o s e s t  t o  t h a t  p red ic t ed  by t h e  method of ~ o m i n a ~ a ( 8 ) .  m e  

d i s t r i b u t i o n  of r i n g  s i z e s  could have been inc luded  i n  t he  c o n s t r a i n t s  of 

equa t ion  1, however t hese  d a t a  a r e  more q u a l i t a t i v e  than  t h e  c o n s t r a i n t s  of 

equat ion  1 and a r e  t h e r e f o r e  more a p p r o p r i a t e l y  used i n  t he  s e l e c t i o n  of a  

s o l u t i o n  from t h e  f e a s i b l e  space r a t h e r  than  i n  d e f i n i n g  t h e  f e a s i b l e  space. 



Thus, a  s o l u t i o n  was s e l e c t e d  from t h e  f e a s i b l e  space  by minimizing equa t ion  5  

subj  e c t  t o  t he  c o n s t r a i n t s  of equa t ions  1 and 2.  

where Ci i s  t he  c o n c e n t r a t i o n  of i n t e r n a l  carbon i n  t h e  sample(8).  

Bxamina t i o n  of t h e  f n i ic  t i o n a l  group concent ra  Lions r e v e a l s  Lha t t h e  

n e u t r a l  o i l s  and t h e  a spha l t enes  have a  h ighe r  hydroaromatic  con ten t  than  the  

v a r i o u s  a c i d s  and bases .  High concen t r a t ions  of a l i p h a t i c  cha ins  and small  

a romat ic  r i n g s  appea r  t o  b e  a s s o c i a t e d  w i t h  h igh  he teroa tomic  concen t r a t ions .  

Another i n t e r e s t i n g  f e a t u r e  of t h e  r e s u l t s  i s  t h e  r i n g  s i z e  d i s t r i b u t i o n .  The 

n e u t r a l  o i l s  a r e  p r e d i c t e d  t o  c o n t a i n  most ly  d i a roma t i c  r i n g s ,  while  the  

remainder  of t h e  f r a c t i o n s  a r e  predominant ly monoaromatic. The causes  and 

s i g n i f i c a n c e  of t h i s  r e s u l t  a r e  no t  y e t  c l e a r .  
.. . 

The f u n c t i o n a l  group concen t r a t ions  of t he  whole heavy d i s t i l l a t e  were 

, determined from t h e  c o n c e n t r a t i o n s  and y i e l d s  of each of t h e  f r a c t i o n s .  The 

22 c o n c e n t r a t i o n s ,  which a r e  g iven  i n  Table 5, p rovide  a  d e t a i l e d  s t r u c t u r a l  

p r o f i l e  of t h e  heavy d i s t i l l a t e  and provide  a  r ea sonab le  s t a r t i n g  p o i n t  f o r  

the  k i n e t i c  model l ing of t h i s  coa l  l i q u i d .  

Hydro1 iquef  i e d  Samvles 

The pentane and to luene  e x t r a c t s  examined h e r e  c o n t a i n  l i q u e f a c t i o n  

p roduc t s  of moderate molecular  weight.  Low molecular  weight products  (carbon 

number < 10) a r e  removed w i t h  the  l i q u e f a c t i o n  s o l v e n t  and v e r y  h igh  molecular  

weight  p roduc t s  tend t o  be i n s o l u b l e  i n  pentane and to luene .  The purpose of 



t he  hydro l ique fac t ion  experiments was t o  he lp  de f ine  the  s t r u c t u r e s  and o b t a i n  

c l u e s  about  t he  r e a c t i o n  pathways of t hese  moderate molecular  weight  products .  

We s t a r t  by examining the  d a t a  of Tables  3 and 4. The samples 

l i q u e f i e d  i n  t e t r a l i n  and SRC-I1 heavy d i s t i l l a t e  (SHD) e x h i b i t  some 

s t r a i g h t f o r w a r d  t rends .  As the  r e s idence  time i n c r e a s e s ,  aromatic  carbon 

i n c r e a s e s ,  a l i p h a t i c  carbon and hydrogen decrease.  The samples a r e  a l s o  

deoxygenated. The changes i n  the  content  of a l i p h a t i c  carbon and v a r i o u s  

types  of a l i p h a t i c  hydrogen a r e  more pronounced i n  t h e  samples genera ted  i n  

t he  s o l v e n t  SHD r e l a t i v e  t o  the samples genera ted  i n  t e t r a l i n .  B e y  a r e  a l s o  

more pronounced i n  t h e  to luene  f r a c t i o n s  compared t o  t h e  pentane f r a c t i o n s .  

The f u n c t i o n a l  group concen t r a t ions  of Tables  6 and 7 sugges t  t h e  

fo l lowing  i n t e r p r e t a t i o n  of t hese  da t a .  P a r t i a l l y  hydrogenated a romat ic  

s t r u c t u r e s  a r e  p a r t i a l l y  o r  completely dehydrogenated and the  hydroaromatic 

p o r t i o n  of some of t hese  s t r u c t u r e s  i s  be ing  cleaved. Mul t ip l e  r i n g  

hydroaromatic groups ( f u n c t i o n a l  groups 12 and 13)  appear t o  be more l a b i l e  

t han  s i n g l e  r i n g  hydroaromtics  (group 8 ) .  An i n d i c a t i o n  of t h e  r e l a t i v e  r a t e s  

of the  d i f f e r e n t  modes of hydsoaromatic group deeomposition is given  by 

c a l c u l a t i n g  t h e  percentage  of hydroaromatic carbons t h a t  a r e  conver ted  t o  

a l k y l  and aromatic carbon. A l b i l  groups w i l l  r e s u l t  from s p l i t t i n g  of 

hydroaromtics;  aromatic  groups w i l l  r e s u l t  from dehydrogenation. Comparison 

of samples 460lD3 and 4601.40 shows a decrease  i n  hydroaromatics  (groups 8, 12 

and 13)  amounting t o  1.63 moles of carbon pe r  100 g of sample. A l h i l  carbon 

i n c r e a s e s  by .44 moles/100 g and aromat ic  carbon i n c r e a s e s  1.05 moles/100 g ,  

s o  dehydrogenat ion r e a c t i o n s  appear  t o  dominate i n  t e t r a l i n  a t  460°C. I n  t h e  

pentane s o l u b l e  f r a c t i o n s  genera ted  i n  t e t r a l i n  and i n  bo th  SHD f r a c t i o n s ,  



a l k y l  c h a i n s  dec rease  and aromat ic  r i n g s  inc rease  i n  concen t r a t ion  w i t h  

r e a c t i o n  time. For t hese  f r a c t i o n s ,  dehydrogenat ion i s  a l s o  t h e  dominant mode 

of hydroaromatic  decomposition. 

As t h e  hydroaromatic  groups dehydrogenate,  the  hydrogen donat ing  

a b i l i t y  of t h e  f r a c t i o n s  decreases .  This  decrease  i s  l e s s  pronounced when 

l i q u e f a c t i o n  s o l v e n t s  w i t h  good hydrogen donor p r o p e r t i e s  a r e  used. This  

o b s e r v a t i o n  i n d i c a t e s  t h a t  the  o i l s  and a spha l t sues  can both  aecept hydrogen 

from t h e  l i q u e f a c t i o n  s o l v e n t  and donate  hydrogen t o  o t h e r  product  f r a c t i o n s .  

The dona t i o n  r e a c t i o n s  appear  t o  be  more ex tens ive  than  the  hydrogen accept ing  

r e a c t i o n s ,  a s  evidenced by the  o v e r a l l  l o s s  of hydrogen i n  t h e  f r a c t i o n s  w i t h  

i n c r e a s i n g  r e a c t i o n  time. 

CONCLUSIONS 

A p p l i c a t i o n  of t h e  proposed method of f u n c t i o n a l  group a n a l y s i s  t o  two 

s e t s  of coal-derived l i q u i d s  has provided  t h e  fo l lowing  conclusions.  The 

method can  be a p p l i e d  i n  con junc t ion  w i t h  s e p a r a t i o n  procedures  t o  provide  

d e t a i l e d  p r o f i l e s  of complex, multi-component mixtures .  The method can a l s o  

be used  t o  o b t a i n  q u a l i t a t i v e  in fo rma t ion  about r e a c t i o n  pathways. 

In gene ra l ,  f u n c t i o n a l  group a n a l y s i s  i s  b e s t  s u i t e d  f o r  t h e  

s t r u c t u r a l  a n a l y s i s  of culuplex l i q u i d s  ori whfoh a loryor uu-unt  ctf ?Ia+?l f r o m  n 

v a r i e t y  of sou rces  i s  a v a i l a b l e .  When app l i ed ,  the  method has  s e v e r a l  

d i s t i n c t  advantages over  o t h e r  methods of s t r u c t u r a l  c h a r a c t e r i z a t i o n .  It 

a l lows  d a t a  from d i v e r s e  sources  such a s  NMR, I R  and s e p a r a t i o n  procedures  t o  

be inco rpora t ed  i n t o  a  s i n g l e  c h a r a c t e r i z a t i o n ;  changes i n  s t r u c t u r e  a r e  

e a s i l y  q u a n t i f i e d ;  t h e  types  of s t r u c t u r e s  p r e s e n t  a r e  e a s i l y  v i s u a l i z e d  and 



t he  r e s u l t s  could provide a s t a r t i n g  p o i n t  f o r  k i n e t i c  modeling. 
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Table  1 

Coal L i q u i d  Samples 

I F r a c t i o n a t e d  SRC-I1 Heavy D i s t i l l a t e  

F r a c t i o n s  

N e u t r a l  o i l s  
Asphal t e n e s  
Very weak b a s e s  
Weak b a s e s  
S t r o n g  b a s e s  
Very weak a c i d s  
Weak a c i d s  
S t r o n g  a c i d s  
N e u t r a l  r e s i n s  

I1 H y d r o l i q u e f i e d  c o a l  f r a c t i o n s - p e n t a n e  s o l u b l e  and t o l u e n e  s o l u b l e /  
p e n t a n e  i n s o l u b l e  f r a c t i o n s  o b t a i n e d  f o r  e a c h  exper iment  

Exper imenta l  C o n d i t i o n s  

S a m ~ l e  No. S o l v e n t  

T e t r a l i n  
T e t r a l i n  
T e t r a l i n  
T e t r a l i n  
SRC-I1 heavy d i s t i l l a t e  
SRC-I1 heavy d i s t i l l a t e  
SRC-I1 heavy d i s t i l l a t e  
SRC-I1 heavy d i s t i l l a t e  

R e a c t i o n  
Temperature  - 

R e a c t i o n  
Time (min) 



T a b l e  2 

E lementa l  A n a l y s i s  and NMR Data f o r  SRC-TI Heavy D i s t i l l a t e  F r a c t i o n s  

NMR Da ta  

. . Y i c l d  
I (wt% of Ileavy Elemental A n a l y s i s  Data  'H NMR* Carbon 

F r a c t i o n  D i s t i l l a t e )  %C ZH % N XO % S %Aromatic %Alpha %Beta %Camma A r o m a t i c i t y  

N e u t r a l  o i l s  76.86 91.4 7.2 0 .72 .66 

Aromat ic  f r a c t i o n  
of n e u t r a l  o i l s  72.49 

A s p h a l t e n e s  8.88 85.4 6.4 3.2 4.5 .47 59 

Very weak b a s e s  2.69 84.3 6.8 1 .3  7 . 1 .  .52 5 6 

Weak b a s e s  1.. 87 78.8 6.7 3.9 8 .3  2.2 44 

S t r o n g  t . a s e s  5.99 85.9 6.8 .4.8 1.8 0.60 44 

Very weak a c i d s  1 .08  82.2 8.0 .21 8.9 .16 4 8 

Weak a c i d s  1.24 8 2 . 3  7.7 0 9.8 .16 5 8 

S t r o n g  a c i d s  , 2 1  76.0 5.6 0 17.8 .60 5 3 

N e u t r a l  r e s i n s  1.19 84.6 7.2 .85 7.2 .15 2 9 

.. . 
S a t u r a t e s  4.52 0 

* 
Chemical  s h i f t  a s s i g n m e n t s  from Snape e t  a l .  1 . 1 ~ 1 .  



T a b l e  3 

E x t r a c t i o n  Y i e l d s  and E l e m e n t ~ l  ..-... Ana!:?sis - Data  f o r  H y d r o l i q u e f i e d  Svnples  - 

Pentane  F r a c t i o n  Toluene F r a c t i e n  
* * * 

S a r r ~ l e  Yie ld  
1 

%C %H %O Y i e l d  %C %H %O - - -  - - -- 

* W t  P e n t a n e  I n s o l u b l e ~  
P e n t a n e  Y i e l d  = 1 - 

Vt Ash-Free Coal 

** k't Toluene  I n s o l u b l e s  
To luene  Y i e l d  = 1 - - P e n t a n e  Y i e l d  W t  Ash-Free Coal 



: * 
Table  4 

'I? 1x3 and 13c Data f o r  Pentane  F r a c t i o n s  

Aroinatic H * aH ir BH * Y H * 
(9.0- 5. Oppm) . (5.0-1.9 ppn) (1.9-1.0 ppm) (1.0-.5 ppm) 

'H h?LR and 13c Data for Toluene F r a c t i o n s  

Carbon 
A r o a a t i c i t y  

* 
Chemical s h i f t  ass ignments  from Snape e t  a l .  [ 111. 

i The s k p l e  number c o n s i s t s  of t h e  r e a c t i o n  t empera tu re ,  s o l v e n t  and 
r e a c t i o n  t ime ,  consccutivcly. 
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T a b l e '  5 

SHC-TI lleavy Distillate Functional Grollp Concentratlal~s 
(Concentrations in Moles/lOOg) . . 

Fraction 
Neutral. \Jt~ole . . 

Functional Oi 1s Very Weak Weak Strong Vcry Weak Weak Strong Neutral ticavy 
Group (Arornat i c s )  Aspila 1 t e n e s  Hases Ilascs Bases Acids Acids Acids Resins Saturates Distillate 



- .- 
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Table 5 (cont .) 

(Concentrations in Moles/lOO g) 

Fraction 
Neutral Mlo 1 e 

Functional Oils Very Weak Weak Strong Very Wcak Weak Strong Neutral llsavy 
Grcup . -- (Aromatics) Acphaltcnes Bases Bases Birses Acids Acids Acids Resins Saturates Distillate 

re. -$-OH - 
0 
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Table 6 

Pentane Soluble Fraction of Hydroliquefied Samples 

(Concentrations in Pioles/lOOg) 

Liquefied in Tetralin Liquefied in SHD 

400" 460" 460" 460" 400" 460" 460" 460" 
40 min 3 min 10 min 40 min 40 min 3 min 10 min 40 min 

Functional 
Group 



T a b l e  7 

Toluene S v l u b l e  F r a c t i o n  of H y d r o l i q u e f i e d  Sanples .  

( C o n c e n t r a t i o n s  i n  Moles/lOOg) 
- 

L i q u e f i e d  i n  T e t r a l i n  L i q u e f i e d  i n  SKD 

F u n c t i o n a l  
Group 

400" 460" 460" 460 O 400" 460" , 4 6 0 "  460" 
40 min 3 min 1 0  min 40 min 40 min 3 min 1 0  min 40 min 
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