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ABSTRACT 
A narrow su i t e  of bituminous coals chosen from the OOElPenn S ta t e  sample bank 

has been hydrogenated in a batch s t i r r e d  autoclave. 
solubles have been measured, and the data modeled using a pseudo-second order r a t e  
expression. Extent of conversion and r a t e  of conversion of the coals in the s u i t e  
have been correlated t o  coal compositional parameters and s t ruc tura l  features.  Re- 
cent data on reac t iv i ty  cor re la t ions  w i t h  information from pyrolysislmass spectrom- 
e t ry  and C-NMR are presented. 

INTRODUCTION 
The relationship between coal composition and hydrogenation r eac t iv i ty  has been 

studied extensively fo r  over 60 years.  
coal with l e s s  than 85% carbon (da f )  made poor l iquefaction feedstocks. Francis ( 2 )  
suggested tha t  reac t iv i ty  was re la ted  t o  rank, and many other researchers have 
attempted t o  cor re la te  r eac t iv i ty  with r a n k  (3,4,5).  Neavel (6) has shown tha t  a 
relationahip does e x i s t  between r a n k  and r a t e  of coal hydrogenation t o  benzene solu- 
bles. 
mathematical models fo r  coal l iquefaction r eac t iv i ty  based on a petrographic ana lys i s  
of the parent coal. 
e t  a l .  (8,9,10,11), who established r eac t iv i ty  ensamples by s t a t i s t i c a l  fac tor  analy- 
s i s  of a large number of samples. 
d i f fe ren t  def in i t ions  for  coal r eac t iv i ty ,  and demonstrated the u t i l i t y  of a def in i -  
t ion based on kinetic parameters when ranking coals of very s imi la r  properties.  

All studies re la t ing  coal properties t o  coal hydrogenation r eac t iv i ty  a re  
hampered by the crude too ls  ava i lab le  f o r  chemical and s t ruc tura l  analysis of the 
prime reactant.  Pyrolysis,  followed by mass spectroscopy (PyIMS) of the products 
a t  low energy levels provides a new tool f o r  coal analysis t h a t  can provide data on 
s t ruc tura l  features tha t  previously could n o t  be obtained (13) .  Voorhees e t  a l .  (14) ,  
and  Meuzelaar e t  a l .  (15) have recently reported cor re la t ions  of s t ruc tura l  data from 
coal PyIMS and coal hydroliquefaction r eac t iv i ty .  

EXPERIMENTAL 

ated in a batch s t i r r e d  autoclave reactor into which coal was injected.  
presents data on coal properties in the su i te .  All coals were low su l fu r ,  i n  order 
t o  minimize ca t a ly t i c  e f f ec t s  due t o  HpS and iron pyrite.  
dure and reaction equipment used have been presented elsewhere (12).  
were pyrolysed using a Fisher Curie-Point pyrolyser i n  conjunction w i t h  an Extra- 
nuclear SpectrEL mass spectrometer. 
temperature) and low energy (14 ev) electron impact were used throughout fo r  data 
acquisit ion.  Mass spectral  data were collected on a Hewlett-Packard 2100 S computer, 
and the data then analysed using ARTHUR (Infrometrix Inc., Sea t t l e ,  Wa.). Solid 
s t a t e  13C-NMR was performed a t  the NSF Regional Center fo r  NMR a t  Colorado S ta t e  
University, Department of Chemistry. 

DISCUSSION A N D  RESULTS 
Rate data on coal 

Rates of conversion t o  THF- 

As early as  1920, Bergius (1) recognized t h a t  

Fischer ( 7 )  and his co-workers a t  the  Bureau of Mines in Bruceton developed 

This concept was expanded and grea t ly  elaborated upon by Given 

Recently, Furlong e t  a l .  ( 1 2 )  studied the use of 

A s e r i e s  of bituminous coals from the OOElPenn S ta t e  sample bank were hydrogen- 

Details of the run proce- 

Table 1 

Coal samples 

Curie p o i n t  wires composed of Ni (510 C f i na l  

u conversion t o  THF-solubles was reduced using a pseudo-second 
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order kinetic model of the form: 

Here kf and k r  (with uni t s :  mass f rac t ion  . min-’) a r e  the forward and reverse ra te  
constants fo r  the reaction: 

kf 
C,P 

kr  
As previous?y, coal ( C )  i i as  deftried in these expressions as THF-insoluble organic 
matter, which included unreacted coal as  well as  high-molecular-weight moieties and 
coke produced by f ree  radical recombination and condensation reactions.  
was defined a s  a l l  products soluble i n  THF. 

materials,  the mass balance may be rewrit ten as  a function of the conversion: 

Parameter P 

Using conversion ( X )  defined a s  the f rac t ion  of coal reacted t o  THF-soluble 

Here C = 1 - X, P = X,  and K ,  t he  equilibrium constant for  the reaction, i s  given by 
k f l  k r  . 
l inear  arameter estimation methods ( 1 6 )  t o  obtain values f o r  the parameters kf and 
kr  in t!e second-order model. 
equilibrium constant K. 
soluble materials (X(60)).  

plotted against  kinetic r eac t iv i ty  ( k f )  a r e  shown in Figure 1. 
the correlation i s  one o f  increasing r eac t iv i ty  with increasing a l ipha t i c  t o  aromatic 
carbon ra t io .  This was t o  be expected, as  i t  has been well established t h a t  the more 
a l ipha t ic  coals convert more readi ly  i n  comparison with the more aromatic coals.  The 
correlation with r a t e  of conversion (Figure 1 )  i s  f a i r l y  good, thus substantiating 
the importance of a l ipha t i c  carbon-carbon bonds in coal hydrogenation. Aliphatic/ 
aromatic carbon r a t i o  a l so  cor re la tes  f a i r l y  well with extent of reaction (X(60)),  
but not w i t h  r eac t iv i ty  as  measured by the pseudo-equilibrium constant ( K )  from 
Table 2. Overall however, the cor re la t ion  of a l ipha t i c  t o  aromatic carbon i s  the 
best  w i t h  r eac t iv i ty  as defined i n  a k ine t ic  fashion by the forward r a t e  constant. 

PylMS, and an average spectrum obtained which represented a composite spectrum for 
9 of the 11 coal hydrogenated. Data from PyIMS of the coal s u i t e  were reduced by 
A R T H U R ,  and a s t a t i s t i c a l  fac tor  analysis performed on the  e n t i r e  data s e t .  From 
the  factor ana lys i s ,  4 fac tors  were ident i f ied  which accounted f o r  over 72% of the 
variation i n  the  data s e t .  
were as  follows: 

Data for  each of the 11 coals which were successfully run were processed by non- 

Also i n  Table 2 a re  values fo r  the 60 m i n  conversion t o  THF- 
These d a t a  a r e  given in Table 2 as a r e  values for  the 

Data on the  aliphatic-to-aromatic carbon r a t io s  in the parent coal samples 
With one exception, 

Coals from the r eac t iv i ty  s u i t e  shown in Table 1 were run in t r i p l i c a t e  on the 

The f ac to r s  and the  percent of t o t a l  variation explained 

1 24.3% 24.3% 
2 23.1% 47.4% 
3 14.8% 62.1% 
4 10.0% 72.2% 

These factors were u t i l i zed  in Karhunen Loeve ( K - L )  p lo t s  obtained from ARTHUR,  in 
order t o  ascer ta in  whether any c lus te r ing  in to  r eac t iv i ty  groupings could be obtained. 
As shown in Figure 2, a p lo t  of K-L fac tor  3 vs K-L f ac to r  2 does produce such a 
c lus te r ing ,  w i t h  the higher r eac t iv i ty  coals i n  the s u i t e  f a l l i ng  towards the upper 
r igh t  hand corner of the  p lo t ,  and the less  reactive coals clustering in the lower 
l e f t .  
rapid screening tool f o r  coal r eac t iv i ty .  

f ac to r ,  and composite spectra calculated which demonstrate relationships between 
chemical moieties i n  the spectrum a n d  the  chosen fac tor .  Such cor re la t ions  have 

FACTOR VARIATION ACCOUNTED FOR CUMULATIVE VARIATION 

These data may indica te  the u t i l i t y  of pyrolysislmass spectrometry as  a 

The  data set from PyIMS of the  coal su i t e  can be rotated towards any other 
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r e c e n t l y  been repo r ted  by Baldwin (17) on a s u i t e  o f  coa ls  w i t h  a ve ry  broad geo- 
g raph ica l  and rank d i s t r i b u t i o n .  F u r t h e r  a n a l y s i s  o f  t h i s  da ta  s e t  was performed 
by r o t a t i n g  t h e  composite spec t ra  towards r e a c t i v i t y ,  w i t h  r e a c t i v i t y  def ined i n  
each of t he  th ree  manners l i s t e d  above (kf,  X(60), and K). The r e s u l t s  of these 
analyses are presented i n  F igu res  3-5. 
Seems t o  be when r e a c t i v i t y  i s  d e f i n e d  as a k i n e t i c  r e a c t i v i t y .  
t h a t  a s t rong p o s i t i v e  c o r r e l a t i o n  e x i s t s  between a homologous s e r i e s  of h igh  molec- 
u l a r  weight  naphthalenes and coa l  r e a c t i o n  r a t e .  F u r t h e r  a n a l y s i s  of PyIMS da ta  s e t  
i s  con t inu ing ,  and w i l l  be presented l a t e r .  
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