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I n  an e a r l i e r  repor t  from t h i s  l a b o r a 7 , Y  it was demonstrated t h a t  c o a l s  
a r e  reduced by l i th ium i n  ethylenediamine.2 
t a i l e d  study of t h e  reduct ion of seven low-ash v i t r a i n s  of varying ranks, and 
t o  descr ibe  t h e  reduction of  a graphi te .  

i s  knodJthat  t h e  amount of  hydrogen added t o  a v i t r a i n  i s  t o  some extent  a funct ion 
of t h e  experimental procedure. 
The a n a l y t i c a l  d a t a  on t h e  s t a r t i n g  m a t e r i a l s  and on t h e  products of reduction are 
given i n  T a b l e  11. 
mater ia l s  a r e  corrected t o  an ash-, sulfur- ,  and ethylenediamine-free basis. 
Table I11 a l s o  g ives  t h e  amount of  hydrogen added t o  t h e  s t a r t i n g  mater ia l s ,  ex- 
pressed both as grams of hydrogen added p e r  100 g. of s t a r t i n g  m a t e r i a l  and as atoms 
of hydrogen added per  100 carbon atoms i n  t h e  s t a r t i n g  mater ia l .  

We now wish t o  present  a more de- 

The reductions were c a r r i e d  out  under c l o s e l y  c o n t r o l l e d  condi t ions,  since it 

The s t a r t i n g  m a t e r i a l s  are descr ibed i n  Table I. 

In  Table I11 t h e  a n a l y t i c a l  d a t a  for t h e  s t a r t i n g  and reduced 

Figure 1 gives t h e  hydrogen added a s  a func t ion  of carbon content .  While t h e  
curve needs f u r t h e r  d e f i n i t i o n ,  i t s  genera l  shape seems c l e a r .  The hydrogen uptake 
i s  low fo r  lower rank coa ls ,  rises rap id ly  wi th  increas ing  rank, reaches a maximum 
a t  about 90 percent  carbon, and then f a l l s  sharp ly .  
various poljmuclear compounds leads  t o  t h e  formulation of  a reasonable explanation 
of these  r e s u l t s .  

A series of experiments with 

Several  pure organic compounds were reduced with l i t h i u m  in ethylenediamine 
(according i o  t h e  usual  procedureg;  t h e s e  were chosen because t h e y  contained c e r t a i n  
s t r u c t u r e s  kcown t o  be present  i n  coa l .  

Diphenyl e t h e r  underwent Cleavage of t h e  e t h e r  l inkage;  t h e  product was mainlg 
phenol (83 percent) ,  but small amounts of benzene (1 percent) ,  cyclohexene (3 percqnt) ,  
cyclohexane and cyclohexanone were formed. It i s  s i g n i f i c a n t  t h a t  phenol w a s  t h e  
major prodim although excess l i th ium was  used; it i s  evident  that t h e  aromatic r i n g  
i n  phenol i s  not reduced e a s i l y  by lithium-ethylenediamine. Further  evidence fo r  
t h i s  e f f e c t  w a s  obtained wi th  dibemduran;  t h i s  compound yielded c h i e f l y  o-cyclo- 
hexylphenol: 

Dibenzofuran o-Cyclohqlphenol  
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Again, t h e  phenolic p a r t  of t h e  molecule is  r e s i s t a n t  t o  reduction while t h e  unsub- 
s t i t u t e d  r i n g  reduces eas i ly .  
material wi th  t h e  empir ical  composition CuH19N2C1; low-voltage mass spectrometric 
a n a l y s i s  of  t h i s  m a t e r i a l  showed t h a t  t h e  m o h x d a r  weight corresponded t o  a monomer 
of t h i s  empir ical  formula. 
such as: 

Another product formed i n  small amount was a s o l i d  

This  may be t h e  hydrochloride o f  ah amine with a s t r u c t u r e  

Although t h e  s t r u c t u r e  is uncertain,  t h i s  does suggest t h a t  ethylenediamine may add 
t o  c o a l  by replacing c e r t a i n  oxygen funct ions wi th  an -NHCH2CH2NH2 s i d e  chain. 

2-naphthol was t r e a t e d  with lithium-ethylenediamine i n  t h e  usual  way; as ex- 
pected, t h e  unsubst i tuted r i n g  was reduced most eas i ly ,  g iv ing  5,6,7,8-tetrahydro- 
2-naphtho1,as the  c h i e f  product. 

None of t h e  secondary a lcohol  which would result from t h e  reduction of t h e  phenolic 
r i n g  w a s  fQund in t h e  r e a c t i o n  products. 

These examples show t h a t  t h e  presence of a phenolic group on a benzene r i n g  
This i n h i b i t s  t h e  reduction o f  t h a t  r i n g  by t h e  lithium-ethylenediamine system. 

i n h i b i t i o n  may be due t o  t h e  formation of a l i th ium salt of t h e  phenol which i s  
then pro tec ted  from f u r t h e r  a t t a c k ,  or t o  t h e  development of a negat ive charge on 
t h e  phenol. Since reduct ions i n  metal-amine systems proceed by t h e  addi t ion  of 
e lec t rons ,  the  negative charge would prevent t h e  f u r t h e r  addi t ion  of e lec t rons  t o  
t h e  r ing .  

On t h e  other  hand, it w a s  poss ib le  t o  show t h a t  l a r g e  polynuclear molecules, 
wi th  no phenolic subs t i tuent ,  are reduced q u a n t i t a t i v e l y  by lithium-ethylenediamice. 
Coronene was reduced almost completely t o  t h e  perhydro compound, a s  shown i n  
Figure 5. 

The shape of t h e  curve in Figure 1 may now be explained, t o  some extent  a t  
l e a s t ,  i n  t h e  following manner. 
ethylenediamine, so t h a t  they are r e a d i l y  a t tacked by t h e  reducing system. 
However, they  contain f a i r l y  l a r g e  amounts o f  oxygen, which i s  present  almost 
e n t i r e l y  as e i t h e r  e t h e r  o r  hydroxyl; it is known2fthat these  groups are r e l a t i v e l y  
r e s i s t a n t  t o  l i t h i u m  reduct ion.  
thus  l e s s  amenable t o  t h e  reagent ;  but they contain only a small amount of oxygen. 
The higher rank v i t r a i n s  a l s o  contain many more aromatic s t r u c t u r e s  than t h e  l o w  
rank. In t h e  course of the  reduct ion,  t h e  so luble ,  low rank v i t r a i n s  have added 

Lower rank vitrains are r e l a t i v e l y  soluble  in 

The higher rank v i t r a i n s  a r e  l e s s  soluble ,  and 
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hydrogen t o  t h e i r  aromatic rings, giving cyclohexane o r  cyclohexene s t r u c t u r e s ;  in 
these v i t r a i n s ,  however, p a r t  of t h e  l i t h i u m  is  consumed by a t t a c k  on omgen funct ions 
and by reac t ion  wi th  t h e  solvent .  Vitrains of higher  rank a l s o  add hydrogen t o  
aromatic s t r u c t u r e s ;  s ince  they  have more aromatic s t r u c t u r e s  and fewer oxygenated 
groups, they o f f e r  more opportuni ty  f o r  a d d i t i o n  of hydrogen. 
rank v i t r a i n s ,  the  i n s o l u b i l i t y  of t h e  m a t e r i a l  tends t o  overcome t h e  l a r g e  number 
of reducible  s t r u c t u r e s ,  so t h a t  t h e  hydrogen uptake decreases. The maximum i n  t h e  
curve i s  therefore  q u i t e  reasonable. Further  experiments w i t h  o ther  v i t r a i n s  w i l l  
def ine t h e  curve more c l e a r l y .  It  should be pointed out  t h a t  s i n c e  coa l  is not  a 
pure compound, two v i t r a i n s  of t h e  same carbon content may have q u i t e  d i f f e r e n t  
s t ruc tures ;  hence, a c e r t a i n  s c a t t e r  i n  t h e  experimental p o i n t s  is t o  be expected. 

Given, Lupton, and Peoveruhave r e c e n t l y  reduced a s e r i e s  of whole coals  w i t h  

With t h e  very h ighes t  

lithium-ethylamine. 
d e t a i l s  a r e  not  known. Without f u r t h e r  d e t a i l s ,  it is n o t  p o s s i b l e  t o  put t h e  
r e s u l t s  of Given and t h e  present  results on a s t r i c t l y  comparable basis .  However, 
it appears t h a t  lithium-ethylenediamine i s  more e f f e c t i v e  than lithium-ethylamine, 
espec ia l ly  f o r  high rank mater ia l s .  

The repor t  of t h e i r  work is q u i t e  b r i e f ,  and exact experimental 

Van K r e v e l e d  has given a comprehensive discussion of t h e  value of t h e  atomic 
H/C versus O/C diagram, both i n  t h e  s tudy of coa ls  and i n  t h e  s tudy of  t h e  changes 
which take place i n  coa ls  upon chemical t reatment .  
reported here, t h e  a n a l y t i c a l  results i n d i c a t e  t h a t  t h e  reduced sample is higher  in 
both hydrogen and oxygen than i s  t h e  s t a r t i n g  material; reduct ion has increased t h e  
numerical values of both t h e  H/C and O/C r a t i o s .  
by a combination of hydro enat ion and hydration. The exact  pathway by which hydrogen 
i s  added i s  not certain;?T presumably l i th ium atoms add t o  t h e  unsaturated s t r u c t u r e s ,  
and a r e  then replaced by hydrogen atoms, which probably come f r o m  t h e  amino groups 
of e t h y l e n e d i d n e .  

I n  most o f  t h e  v i t r a i n  reduct ions 

S.uch a change can best  be explained 

In  f i g w e  2, each of t h e  v i t r a i n s  reduced is p l o t t e d  on t h e  H/C versus O/C 
diagran. 
t i o n ,  as discussed above. 

They show t h e  changes which can be a t t r i b u t e d  t o  hydrogenation and dehydra- 

We have determined pyridine s o l u b i l i t y  at room temperature f o r  six of the re- 
duced v i t r a i n s .  
reduced materials. V i t r a i n s  i n  t h e  82-85 percent  carbon range are moderately soluble;  
reduction causes a moderate increase i n  s o l u b i l i t y .  
the addi t ion  of hydrogen t o  aromatic r ings ,  s i n c e  hydroaromatic s t r u c t u r e s  are gener- 
a l l y  more so luble  than t h e  corresponding aromatic molecules. 
of 89-90 percent carbon are of very l imi ted  pyr id ine  s o l u b i l i t y ,  because t h e  nole- 
cules  a r e  f a i r l y  l a r g e  and conta in  a number of aromatic rings; on reduction, consid- 
erable  conversion t o  hydroaromatic s t r u c t u r e s  takes  p lace  w i t h  a great increase i n  
s o l u b i l i t y .  
Here, the  p l a t e l e t  s i z e  has increased t o  such a degree t h a t  even t h e  highly reduced 
hydroaromatic types of s t r u c t u r e s  a r e  too  l a r g e  t o  be soluble .  

Figure 3 and Table IV show t h e  s o l u b i l i t i e s  of the  starting and 

Probably t h i s  i s  due l a r g e l y  t o  

Vitrains i n  t h e  range 

B 91 percent  carbon v i t r a i n  i s  inso luble  both before  and a f t e r  reduction. 

A t y p i c a l  i n f r a r e d  spectrum is  shown in figure 4 .  The reduced mater ia l s  show 
increased C-H absorpt ion a t  3 . 5 ~ ~  decreased absorpt ion a t  6.2p, and decreased 
absorpt ion i n  t h e  t h r e e  bands a t  11.5, 12.3, and 13.33. 

The u l t r a v i o l e t  spec t ra  of t h e  reduced materials show decreased absorption. 
Table V shows t h e  change in ext inc t ion  c o e f f i c i e n t  (K) f o r  f o u r  of t h e  vitraina; 
although the  d a t a  a r e  only semiquant i ta t ive,  t h e  l a r g e  changes in I[, p a r t i c u l a r l y  

? 
1 



g 
' I  

-180- 

f o r  t h e  Pocahontas v i t r a i n ,  i n d i c a t e  a decrease i n  aromatic s t r u c t u r e s .  
paramagnetic resonance measurements show t h a t  reduct ion causes a marked decrease 
i n  t h e  number of f r e e  r a d i c a l s .  
of t h e  v i t r a i n s  a f t e r  reduct ion.  
aromatic s t r u c t u r e s .  

Electron 

Table V I  shows t h e  change i n  f r e e  r a d i c a l  content 
This data is cons is ten t  with a l a r g e  decrease i n  

Examination of s c a t t e r e d  X-ray i n t e n s i t i e s  of t h e  reduced v i t r a i n s v  revealed 
that extensive changes had occurred in t h e  arrangement of carbon atoms. 
apparent major change was  i n  t h e  (002) re f lec t ions ,  t h e  most prominent p a r t  of the  
v i t r a i n  pa t te rns .  A t  f i r s t  glance a t  t h e  i n t e n s i t y  curves, one might presume t h a l  
a new band has appeared in t h e  a n g g a r  range corresponding t o  spacings of  4 t o  5 A, 
i n  p lace  of t h e  (002) band a t  3:6 A .  
r e s u l t  of reduction can be considered mainly a displacement of t h e  (002) band assuming 
t h a t  carbon a t o m s  in t h e  hydrogenated layers  are now s l i g h t l y  displaced from planar  
pos i t ions  forming buckled layers .  

The most 

This change i n  t h e  i n t e n s i t y  p a t t e r n s  a s  a 

A s t r i k i n g  r e s u l t  of t h e  l i th ium reduction of v i t r a i n s  i s  t h e  grea t  reduction 
i n  s u l f u r  content ,  as can be seen from Table 11. 
vaiue i n  desulfur iz ing c o a l s  on a l a r g e  scale .  Some indica t ion  of  the  way i n  which 
sulfur i s  eliminated w a s  obtained by t r e a t i n g  dibenzothiophene with lithium-ethylene- 
diamine; t h e  products are shown i n  Figure 6. It appears  l i k e l y  t h a t  t h e  f i r s t  a t t a c k  
on dibenzothiophene results in  t h e  s p l i t t i n g  of a carbon-sulfur bond t o  give a sub- 
s t i t u t e d  thiophenol; t h e  unsubs t i tu ted  r i n g  i s  then reduced. 
su l fhydry l  group pro tec ts  t h e  r i n g  t o  which it i s  at tached.  

It is poss ib le  t h a t  t h i s  may be of 

As with phenols, t h e  

I n  order  t o  determine whether t h e  l i th ium reduct ion proceeds t o  completion under 
our a r b i t r a r y  conditions, a l a r g e  batch of Bruceton v i t r a i n  w a s  reduced. 
this material was then reduced a second time and then a t h i r d  time. 
t h e  a n a l y t i c a l  data  f o r  these  samples. 
s c a l e  d i d  not  give as l a r g e  a hydrogen pickup a s  t h e  s m a l l  sca le  reduct ions,  and t h a t  
the  second and t h i r d  reduct ions give l i t t l e  or no a d d i t i o n a l  hydrogen uptake. 
i n f r a r e d  spec t ra  a l s o  showed e s s e n t i a l l y  no changes. The X-ray d i f f r a c t i o n  p a t t e r n s ,  
however, d i d  show that t h e  second and t h i r d  reductions caused f u r t h e r  a l t e r a t i o n  i n  
t h e  v i t r a i n  s t ruc ture .  The nature  of t h e s e  changes i s  not known at t h e  present  time. 

Some of 
Table V I 1  g ives  

It can be seen t h a t  t h e  reduct ion on a l a r g e  

The 

The reduced Bruceton v i t r a i n  was submittea t o  t h e  Fischer-Schrader low temper- 
a t u r e  carbonization assay. 
the  reduced mater ia l  forms l e s s  coke and more tar than does t h e  s t a r t i n g  v i t r a i n .  
This i s  probably a r e f l e c t i o n  of the higher hydrogen content  of t h e  reduced v i t r a i n .  
Table V I 1 1  a l s o  gives t h e  ASTM f r e e  swel l ing index, and t h e  composition of the  coke 
formed. 

The r e s u l t s  are given i n  Table V I I I .  It can be seen t h a t  

Using 3 gram samples, t h e  l a r g e s t  amount of  reduct ion was achieved wi th  t h e  
Pocahontas v i t r a i n  (44 atoms o f  hydrogen per  100 carbon atoms i n  t h e  s t a r t i n g  
material - see Table 111). 
in g r e a t e r  reduction of t h e  Vitrain.  
v i t r a i n  w a s  reduced (one t h i r d  of the  amounts of l i t h i u m  and ethylenediamine used), 
56 atoms of  m g e n  were added per 100 carbon atoms in t h e  s t a r t i n g  v i t r a i n .  
may conclude that over half t h e  carbon atoms i n  this p a r t i c u l a r  vitrain a r e  involved 
i n  carbon-carbon double bonds. 

Ye have observed that s c a l i n g  down of t h e  reac t ion  results 
Thus, when a one gram sample of Pocahontas 

One 
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Experimental Procedures 

a.  Reductions 

A l l  operat ions descr ibed below were conducted under n i t rogen  i n  a dry  box, 
or  were rap id ly  performed with minimum exposure t o  air .  
crushing, and screening opera t ions  were performed in  t h e  d r y  box. 
crushed t o  -6 mesh and s t o r e d  under ni t rogen.  Port ions of approximately 8 grams were 
removed and ground t o  -60 mesh i n  a mortar and p e s t l e .  Grinding w a s  continued over- 
n ight  i n  a small b a l I ' m i l l  (sometimes a s t e e l  m i l l ,  but usua l ly  a small borundum 
m i l l ) .  
1-2 hours) t o  f a c i l i t a t e  screening through a 325 mesh s ieve .  
of -325 mesh m a t e r i a l  was d r i e d  t o  constant  weight a t  60" and 1 mm. All dryings 
i n  t h e  vacuum oven were terminated by admit t ing ni t rogen-and quickly closing t h e  
containers  as soon as t h e  oven door was opened. 

The apparatus  cons is ted  of a 500 m l .  3-neck f l a s k  wi th  two v e r t i c a l  necks and 

I n  general ,  a l l  grinding, 
Vi t ra ins  were 

The b a l l  m i l l  and i t s  contents  were given a b r i e f  drying (60" and 1 mm. f o r  
Approximately 6 grams 

one side-neck a t  an angle  of  20". 
neck. The c e n t e r  neck w a s  f i t t e d  with a mercury-sealed double Hershberg tantalum 
w i r e  stirrer. 
stoppered one through which t h e  l i th ium was added, and a l a r g e r  s p i r a l  condenser, 
with a mercury-sealed gas i n l e t  tube. Three grams of v i t r a i n  prepared as above w a s  
quickly weighed i n  a weighing b o t t l e .  The apparatus was  f lushed  wi th  prepur i f ied  
ni t rogen (prepur i f ied  ni t rogen was used throughout, except for t h e  oxygen-free water 
dispenser ,  where ordinary ni t rogen (0.2 percent  o q g e n )  was used). 
ethylenediaqine was added and t h e  s t i r r e r  s t a r t e d .  
followed by 100 nl. of ethylenediamine. 
of t h e  v i t r a i n  and precluded formation of lumps of  agglomerated mater ia l .  
a t u r e  w a s  r a i s e d  t o  90" and a d d i t i o n  of l i t h i u m  begun. 
l i thium w a s  added i n  the  course of 3 hours-while  t h e  temperature w a s  maintained a t  
90-100". The r e a c t i o n  mixture was 
then cooled i n  an i c e  bath and approximately 250 ml. of water  w a s  added with vigorous 
s t i r r i n g .  
The m i x t v e  was then d i l u t e d  t o  approximately 3200 m l .  and t r a n s f e r r e d  t o  235 m l .  
polyethylene b o t t l e s ,  centr i fuged f o r  1 5  minutes a t  2500 r.p.m. and 2 5 O  and allowed 
t o  stand overnight* 
residue was t rar isferred t o  a 1 l i t e r  erlenmeyer f l a s k  and heated 0 n . a  wax bath a t  
125-135' i n  a stream of n i t rogen  t o  dryness. 
a t  60" and I inm. 
v i t r a i n ,  f a c i l i t a t e s  t h e  f i n a l  washing with water .  
-40 mesh and t r a n s f e r r e d  t o  polyethylene cent r i fuge  b o t t l e s .  
cen t r i fuga t ion  were continued u n t i l  t h e  washings had a pH of 8 ( t e s t  paper) .  
required 7-10 cent r i fuga t ions .  
erlenmeyer f l a s k  and d r i e d  i n  a wax bath a t  125' in a stream of nitrogen. 
was continued i n  a vacuum oven. 
m i l l )  and screened t o  pass 325 mesh. 
and 1 mm. 

A thermometer was i n s e r t e d  through t h e  20" angle  

The t h i r d  neck c a r r i e d  an adapter  with two condensers, a short  

F i f t y  ml. of 
The v i t r a i n  was then added, 

This procedure insured complete dispers ion 
The temper- 

A t o t a l  of 6.8 grams of 

S t i r r i n g  was continued f o r  1 hour a t  90-100". 

( A l l  water used was  boi led and then s t o r e d  and dispensed under ni t rogen.)  

The c l e a r  supernatant  so lu t ion  was decanted and discarded. The 

Drying w a s  continued i n  a vacuum oven 
This operat ion,  by removing ethylenediamine and agglomerating t h e  

The dr ied  res idue  was ground t o  
Repeated washing and 

This 
The a l k a l i - f r e e  res idue  was t r a n s f e r r e d  t o  a 250 ml. 

The sample was then ground (small stainless s t e e l  
Drying 

It was then  d r i e d  t o  constant  weight a t  60' 
For analys is ,  t h e  s t a r t i n g  v i t r a i n  was d r i e d  again .at t h e  same time. 

It should be noted that dupl ica te  experiments checked q u i t e  c lose ly .  

Recoveries w e r e  much b e t t e r  than i s  ind ica ted  by t h e  percent  recovery f i g u r e s  
i n  Table 11. 
the recovery might be based on recovery i n  t h e  250 m l .  erlenmeyer f l a s k ,  s ince  t h e  

Manipulations i n  t h e  dry  box r e s u l t  i n  considerable  loss. Presumably 

/ 
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f i n a l  removal from t h e - f l a s k ,  gr inding,  and s iev ing  account for  considerable  l o s s .  
However, t h e  weight i n  t h e  250 m l .  f l a s k  i s  not  recorded s ince complete dryness i s  
not  poss ib le  with a sample o f  l a r g e  p a r t i c l e  s i z e .  

b. S o l u b i l i t y  Determinations 

A l l  samples were r e d r i e d  f o r  1 hour at 60' and 1 mm. One hundred mg. samples 
were weighed and t r a n s f e r r e d  t o  45 m l .  glass-stoppered test tubes wi th  t h e  a i d  of 
15 m l .  of d r y p y r i d i n e .  
t h e  test tubes were shaken on  a mechanical shaker f o r  1 hour. 
f i l t e r e d  onto 15 ml. f r i t t e d - g l a s s  f i l t e r  c r u c i b l e s  (medium poros i ty) .  
were washed 3 times with 5 m l .  por t ions  of pyridine.  
insure that the  last washing w a s  co lor less .  
weight (95O and 1 mm.). This  required 1 t o  3 hours. 
was obtained by subt rac t ing  t h e  weight percent  of res idue  from 100. 

The s toppers  were fastened in  p lace  with rubber bands, and 
The mixtures were then 

The res idues  
T h i s  was  found s u f f i c i e n t  t o  

The percent s o l u b i l i t y  reported 
The c r u c i b l e s  were d r i e d  t o  constant  

c. Large s c a l e  reduct ion of Bruceton v i t r a i n  

Approximately 400 grams of  Bruceton v i t r a i n  were ground t o  pass  through 
325 mesh and then d r i e d  a t  60" and 1 mm. 
reduced by l i thium i n  ethylenediamine. 

Four por t ions  of t h e  above material were 

Vitrain (68 grams) was  added t o  3400 ml. of ethylenediamine i n  a 5-liter f l a s k .  

The 
The r e s u l t i n g  slurry was s t i r r e d  and heated t o  90-100" before gradual  addi t ion of a 
t o t a l  of 153 grams of l i t h i u m  wire .  
ra te  of addi t ion  was determined by hydrogen evolut ion a s  observed in a mercury bubbler. 
A f t e r  addi t ion  of l i thium, t h e  mixture was s t i r r e d  and heated a t  90-100" 
hour. 
one l i t e r  of water. 
18 l i t e r s .  
t h e  c l e a r  supernatant liquid was decanted and discarded. 
fuged at  2700 r.p.m. i n  250 m l .  polyethylene b o t t l e s .  
was again decanted and discarded.  
meyer f l a s k  which was heated t o  125-135" i n  a w a x  bath while  a cur ren t  of ni t rogen 
was passed in; this treatment was continued u n t i l  t h e  product was almost dry. The 
drying nas  continued a t  60" and 1 ml.  i n  a vacuum oven. This drying operat ion was 
intended t o  agglomerate t h e  recovered anthraxylon and f a c i l i t a t e  f u r t h e r  washing and 
removal of l i thium salts. 
then washed with water  and cent r i fuged  repeatedly u n t i l  the  washings were almost 
c o l o r l e s s  and t h e  pH was about  9. 
aga in  f r e e d  of most of t h e  moisture by heat ing  t o  125-135' i n  a stream of nitrogen. 
The product nas ground t o  pass  100 mesh and drying w a s  then completed a t  60" and 1 m. 

The addi t ion  of l i th ium required 12 hours. 

for  another 
The reac t ion  mixture w a s  cooled i n  i c e  water and decomposed by t h e  addi t ion  of 

T h i s  slurry was then  d i l u t e d  t o  a f i n a l  volume of approximately 
The slurry nas allowed t o  s tand from one t o  four  days; during t h i s  time 

The c l e a r  supernatant  l i q u i d  
The residue was then cent r i -  

The residue w a s  t r a n s f e r r e d  t o  a 1.5-liter er len-  

The d r i e d  residue was ground t o  pass through 40 mesh and 

This required about t e n  washings. The res idue  was 

Four batches of anthraxglon were reduced in t h i s  manner. The percentage recov- 
e red  i n  each of the four  batches w a s  89.2, 81.1, 85.1, and 77.8 percent .  

t h a t  l i t h i u m  was added t o  the reac t ion  mixture maintained a t  95-105" ins tead  of t h e  
usual 90-100'. 

It should be noted t h a t  t h e  procedure f o r  t h e  last batch d i f f e r e d  s l i g h t l y  i n  

The products were submit ted f o r  in f ra red  ana lys i s  by t h e  potassium bromide 
p e l l e t  technique. 
o ther  and t o  previous reduct ions  of Bruceton anthraxylon t o  justify mixing them t o  

The s p e c t r a  of t h e  four batches were s u f f i c i e n t l y  similar t o  each 
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make one l a r g e  sample. 
again d r i e d  a t  60° and 1 m l .  
was produced. 

The batches were combined, ground t o  pass  325 mesh, and 
A t o t a l  of  228 grams of reduced Bruceton anthraxylon 

The m a t e r i a l  described above is c a l l e d  t h e  f i r s t  reduct ion i n  Table VII. 
Twelve grams of t h i s  material was reduced again i n  a similar manner; t h i s  i s  t h e  
second reduction i n  Table VII, 8.33 g. being recovered. 
8.04 g. was reduced, 6.U g. being recovered. 

For t h e  t h i r d  reduction, 

This work was c a r r i e d  out as p a r t  of a cooperat ive agreement between t h e  
Bureau of Mines and t h e  Union Carbide Corporation. 
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Run No. 

7R-80 

7R-76 
7R-69 
7R-73 . 
7R-71 
7R-75 
7R-72 

7R-79 
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Table I.- Vit ra in  samples used i n  3-gram runs 

Rock Springs Nos. 7, 74, 9, and 15 coa l  beds, 

Bruceton, P i t t s b u r g h  Bed,, Allegheny County, Penna. 
Pond Creek Bed, Majest ic  Mines, Pike County, Kentucky. 
Powellton Bed, Elk Creek No. 1 Mine, Logan County, W. Va. 
Sewell Bed, Marianna Mine, Wyoming County, W. Va. 
Pocahontas No. 3 Bed, Stephenson, Wyoming County, W. Va .  
Anthracite, Dorrance Mine, Lehigh Val ley Coal Company, 

Luzerne County, Penna. 
Madagascar f l a b  graphi te .  

Superior, Sweetwater County, Wyoming. 

Table 11.- Microanalysis o f  v i t r a i n s  before and a f t e r  reduction 
( d r i e d  a t  60°C and 1 mil l imeter)  

Oxygen Percent 
Name Number* Carbon Mrdroaen Nitronen S u l f u r  Ash (aiff.1 recoverv 

Rock 
Springs 

Bruceton . 

Pond Creek 

Powellton 

Sewell 

Pocahontas 

Anthrac i te  

Graphit e 

80 
8 0 A  
76 
76A 
69 
6 9A 
73 
738 
71 
7 u  
75 
75A 
72 
72A 
79 
798 

76.25 
72.78 
80.65 
75 -73 
62.63 
77.35 
83.63 
79 15  
87 29 
81.42 
87.66 
82.04 
89.02 
81.70 

65-76 
98.93 

5.76 
7.21 
5.42 
6.93 
5-15 
7.24 
5.00 
6.58 
5-03 
7.33 
4.35 
7.46 
2-55 
4.93 
0.24 
2.96 

2.04 
5.20 
0.96 
3.81 
1.15 
3.05 
1.59 
2.95 
0.97 
2.34 
1.49 
2.09 
1.08 
1.91 
0.18 
3.92 

0.87 0.86 11.22 
0.33 2.00 12.48 
1.13 2.27 9.57 
0.29 2.62 10.42 
0.69 2.25 8.13 

0.46 1.52 7.80 
0.23 2.19 9.94 

0.15 1-94 9.23 
0.63 2.31 .3.77 
0.19 2.66 6.06 
0.58 2.42 3.50 
0.12 3.65 4.64 
0.60 2.31 4.44 
0.07 1.96 9.13 
0.00 0.00 0.65 
0.00 0.00 7.36 

40.3 

69.9 

61.5 

76.1 

64.3 

85.5 

71.7 

104.0 

* A i n d i c a t e s  reduced material. 



Table 111.- Microanalyses of  v i t r a i n s  before  and a f t e r  reduct ion 
(Moisture, ash, sulfur, and ethylenediamine-free b a s i s )  

Grams Grams 
hydrogen water  Atoms Molecules, 
added p e r  added p e r  hydrogen water 
100 g. 100 g. added added 

s t a r t i n g  s t a r t i n g  per  100 per  100 
9 Oxygen MASF MASF carbon carbon 

Name No. Carbon Hydrogen Nitrogen ( d i f f . )  v i t r a i n  v i t r a i n  atoms atoms 
Rock Springs 

Bruceton 

Fond Creek 

Pohrellton 

J m e l l  

Pocahontas 

Anthracite 

Graphit e 

80 
80A 
76 
76A 
69 
6 9A 
73 
73A 
71 
7 u  
75 
7% 
72 
72A 
79 
798 

77.58 
77.22 
83.46 
80.05 
85.12 
81.00 

62.13 
89.94 
85.20 

85.89 
91.68 
84.21 
98.93 
99.77 

85.32 

90.37 

5.e6 
6.91 

6.84 
5.61 

5.30 
7 -07 
5.10 
6.50 
5.18 
7.35 
4.47 
7.67 
2.62 
4.87 
0.24 
2.04 

2.08 
(2.08) 
1.81 

(1.81) 
1.18 

(1.18) 
1.61 

(1.61) 
1 .oo 

(1.00) 
1-54 

(1.54) 
1.11 

(1.11) 
0.18 

(0.18) 

14.48 
13 * 79 

9.12 
11.30 

8.40 
10.75 

7.97 
9.75 
3.88 
6.46 
3.62 
4.90 
4.59 
9.81 
0.65 
8.01 

1.16 

1.18 

1.75 

1.37 

2.m 

3.40 

1.90 

0.98 

-0.69 

3.08 

3.33 

2.51 

3.36 

1.82 

6.97 

9.22 
I" 

3 & ind ica tes  roduced mater ia l .  

Table 1V.- S o l u b i l i t y  of reduced anthraxylons i n  pyridine 
a t  room temperature 

% % 

17.7 -0.6 

16.9 2.5 

24.5 2.6 

19.2 2.0 

29.1 2.5. 

44.8 1.3 

a . 7  5.1 

11.8 6.2, 

% 
% C  Soluble, Soluble, Increase i n  
(maf 1 untreated reduced s o l u b i l i t y  - 

Bruce ton ' 82.50 21.4 30.7 43 
Pond Creek 84.53 13.2 38.1 113 
Powellton 84.88 20.9 36.6 75 
Sewell 89.38 2.5 90.9 3636 
Pocahontas 89.85 3.9 62.5 1502 
Anthracite 91.16 0 0 0 

\ 
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Table V.- U l t r av io l e t  absorption of v i t r a i n s  

Spec i f ic  ex t inc t ion  
coe f f i c i en t  K 

( l i t e r s / g .  p.) K reduced 
Name No e % C  a t  4000 A K o r i g i n a l  

o r i g i n a l  reduced 

Bruce t on 76A 82.50 10.1 8.0 79 
Poirellton 73A 84.88 12.9 5.3 41 
Sewell 7lA 89.36 13-5 6.8 50 
Pocahontas 75A 89.85 26.9 4.6 17 

Table VI.- Free r ad ica l  content of v i t r a i n s  
Free r ad ica l  concentration 

o r i g i n a l  reduced 
Name No. % C  ( a r b i t r a r y  units) 

Harmatten 7OA 77.20 ll2600 54500 
Bruceton 76A 82.50 207000 89300 
Powellton 73A 84.88 270000 77200 
Sewell 71A 89.38 635000 72000 
Anthracite 72A 91.16 2k00000 2186000 

Table V I I * -  Repeated reduction of Bruceton v i t r a i n  

C H N S 
(Ash and ethylenediamine- 0 

Run  No. Treatment f r e e  bas i s )  ( d i f f . )  Li 

7R-60 S ta r t ing  ma te r i a l  81.52 5.32 1.13 1.05 10.99 t r a c e  
7R-60F F i r s t  reduction 79-08 6.03 (1.13) 0.30 13.46 0.30 
7R-65 Second reduction 75.14 6.09 (1.13) 0.08 17.56 e 

7R-67 Third reduction 79.60 5.92 (1.13) 0.05 13.30 0.23 
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Table VII1.- Fischer-Schrader lov temperature carbonization assay 
(500° C.) and ASM free-swelling index (823" C.) 

Reduced 
Bruc eton Bruc eton 
vitrain v i tra in  

7R-60 7R-60-F 

Coke 
Tar 
Water 
Light oil 
Gas 

78.3 
10.9 
6.8 
0.51 
3.5 

63.5 
22.2 
9.4 
0.77 
4.1 

F.S.I. 74 5 4  

Coke, percent 70.2 52.4 

Composition of coke 
C 84.54 
H 3.64 
N 1.81 
S 0.83 
Ash 2.69 

83.35 
3.64 
3.77 
0.21 
3.87 
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