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Since i t s  i n t r o d u c t i o n  i n  t h e  e a r l y  1960's, ac id -ca ta l yzed  depolymer izat ion has become 
a w i d e l y  used method t o  c o n v e r t  coa l  i n t o  
It was f i r s t  shown by Heredy and Neuworth( j7  t h a t  coa l  c o u l d  be depolymerized by r e a c t i n g  i t  
w i t h  phenol-BF3 a t  temperatures as l ow  as 100°C. 
t h a t  coa l  con ta ins  a romat i c  s t r u c t u r e s  l i n k e d  by a l i p h a t i c  br idges,  such as methylene 
br idges,  which a r e  s u f f i c i e n t l y  r e a c t i v e  t o  p a r t i c i p a t e  i n  an ac id -ca ta l yzed  t r a n s a r y l -  
a l k y l a t i o n  reac t i on .  
e x p l a i n  the chemis t r y  o f  low-temperature p y r o l y s i s  o f  coa l .  
proposed s t r u c t u r e  wi th  phenol-BF3 i s  i l l u s t r a t e d  i n  F igu re  1. 
t h e  depolymer izat ion i s  dihydroxy-diphenylmethane. I 

The depolymer izat ion r e a c t i o n  was m o d i f i e d  by Ouchi, Imuta, and Y a m a ~ h i t a ( ~ )  who 
s u b s t i t u t e d  p - t o l u e n e s u l f o n i c  a c i d  (PTSA) f o r  BF3 as t h e  c a t a l y s t  and increased the  r e a c t i o n  
temperature t o  180-185%. 
product  y i e l d s  over  90%, was achieved under these c o n d i t i o n s .  Darlage and Ba i l ey t41  inves-  
t i g a t e d  the e f f e c t s  o f  r e a c t i o n  temperature, va r ious  so l ven ts  and coa l  p reox ida t i on  on 
depolymer izat ion p roduc t  y i e l d s  u s i n g  a number o f  a c i d  c a t a l y s t s .  
s u b s t i t u t e d  phenols were more e f f e c t i v e  aromat ic  subs t ra tes  f o r  t h e  depolymer izat ion 
r e a c t i o n  than phenol. The p r e o x i d a t i o n  o f  coal ,  p a r t i c u l a r l y  o f  some s u l f u r - r i c h  bituminous 
coals ,  w i  h d i l u t e  aqueous n i t r i c  a c i d  cons ide rab ly  increased t h e  y i e l d  o f  depolymer izat ion 
products  .!5) 

A general rev iew  o f  t he  ac id-c  t a l y z e d  coa l  depo lymer i za t i on  method has been publ ished 
r e c e n t l y  by Larsen and Kuemmerle.(6(r The o b j e c t i v e  o f  t h i s  paper i s  t o  d iscuss some 
s p e c i f i c  aspects o f  t h e  chemis t r y  o f  coa l  depolymer izat ion.  

l u b l e  p roduc ts  f o r  s t r u c t u r a l  i n v e s t i g a t i o n s .  

The method was based on t h e  assumption 

T h i s  genera l  t ype  o f  s t r u c t u r e  was proposed by Neuworth, e t  a1.,(2) t o  

One o f  t h e  f i n a l  products  o f  
The o v e r a l l  r e a c t i o n  o f  t h i s  

A ve ry  h i g h  degree o f  depolymer izat ion,  w i t h  p y r i d i n e  o ub le  

They found t h a t  meta- 

I .  THE RELATIVE REACTIVITIES OF VARIOUS BRIDGE STRUCTURES TOWARD 
PHENOL-BF3 

Although no sys temat i c  s t u d i e s  have y e t  been r e p o r t e d  rega rd ing  t h e  r e l a t i v e  r e a c t i v i -  
t i e s  o f  a l i p h a t i c  b r i d g e  s t ruc tu res ,  o r  more genera l l y ,  a l i p h a t i c - a r o m a t i c  carbon-carbon 
bonds, which may be p resen t  i n  va r ious  coals ,  t war phenol-BF3, some impor tant  trends have 
been es tab l i shed  i n  model compound experiments.?ls7f The r e s u l t s  o f  these experiments a r e  
summarized i n  Tables 1 and 2 and i n  F igu re  2. 

The data on  i s o p r o p y l  group t r a n s f e r  i n  Table 1 show t h a t  t h e  secondary a l i p h a t i c -  
a romat i c  carbon-carbon bond i s  much more r e a c t i v e  when i t  i s  l o c a t e d  on e i t h e r  a phenol ic  
r i n g  o r  on a phenanthrene r i n g  than on a nonac t i va ted  benzene r i n g ,  
t i e s  o f  the secondary carbon bond i n  t h e  f i r s t  two s t r u c t u r e s  cou ld  n o t  be evaluated because 
t h e  i sop ropy l  group t r a n s f e r  went t o  complet ion bo th  i n  t h e  case o f  or tho- isopropylphenol  
and of retene. 
bond between a p r imary  a l i p h a t i c  carbon and an aromat ic  carbon i s  l e s s  r e a c t i v e  than a 
secondary carbon-aromatic carbon bond under o the rw ise  s i m i l a r  cond i t i ons .  

carbon-carbon l i nkages .  
which i n v o l v e  p r imary  a l i p h a t i c  carbon atoms, c l e a r l y  show enhanced r e a c t i v i t y  a t  bond a '  
due t o  the a c t i v a t i n g  e f f e c t  o f  t h e  pheno l i c  hydroxy l  group. A comparison o f  t he  r e a c t r v i t y  
of l i nkage  a '  w i t h  t h a t  o f  t h e  corresponding bond i n  para-n-propylphenol (Table 2) i n d i c a t e s  
t h a t  t h e  r e a c t i v i t i e s  o f  (-CH2-CH2-) s u b s t i t u t e d  aromat ics a r e  s i m i l a r  whether the  s u b s t l t u -  
t i o n  i s  i n  a b r i d g e  o r  i n  a c h a i n  s t r u c t u r e .  

The r e l a t i v e  r e a c t i v i -  

The da ta  on n-propy l  group t r a n s f e r  i n  Tab le  2 show, as expected, t h a t  a 

F igure 2 shows t h e  comparison o f  t h e  r e l a t i v e  r e a c t i v i t i e s  o f  f o u r  aromatic-al iph:t ic 
A comparison o f  t h e  r e a c t i v i t i e s  o f  t h e  two l i nkages  5' and , 

The r e l a t i v e  r e a c t i v i t i e s  found w i t h  model 
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compound B i n d i c a t e  t h a t  -CH2- b r i dges  can p l a y  a spec ia l  r o l e  i n  coa l  depo lymer i za t i on  
because i n  t h i s  case bonds on,both s ides  o f  t h e  b r i d g e  s t r u c t u r e  a r e  a c t i v a t e d  (compare t h e  
r e a c t i v i t i e s  o f  bonds and , r e s p e c t i v e l y ) .  

It i s  probable t h a t  cleavage o f  a l i p h a t i c  e t h e r  bonds c o n t r i b u t e s  t o  coa l  depolymer i -  
za t i on ,  p a r t i c u l a r l y  i n  t h e  case o f  l i g n i t e s  and subbituminous coa ls .  
r e a c t i v i t y  o f  va r ious  e the rs  w i t h  phenol-BF3 has n o t  been inves t i ga ted ,  seve ra l  s t  d i e s  on 
t h e  BFj -cata lyzed cleavage o f  va r ious  a1 i p h a t i c  e t h e r  l i nkages  have been reported.?8,9) 
was shown t h a t  t h e  r e a c t i o n  o f  e t h e r s  w i t h  benzene g i ves  alkylbenzenes. The r e l a t i v e  ease 
of  r e a c t i o n  v a r i e d  considerably  w i t h  d i f f e r e n t  e the rs .  
reac ted  v i g o r o u s l y  w i t h  benzene upon s a t u r a t i o n  w i t h  BF3. 
e t h y l  e t h e r s  reac ted  v i o l e n t l y .  On the  o t h e r  hand, e t h y l ,  isoamyl, and n-amyl e t h e r s  
reac ted  o n l y  a t  h ighe r  temperatures and e leva ted  pressures (150OC and 10-20 atm). 

A l though t h e  

It 

D i i sop ropy l  e t h e r  and d ibenzy l  e t h e r  
I sop ropy l ,  phenyl, and benzyl 

11. INVESTIGATION OF THE KINETICS OF BF3-CATALYZED BENZYL GROUP TRANSFER 

K i n e t i c  i n v e s t i g a t i o n s  o f  BF3-catalyzed benzyl group t r a n s f e r  i n  benzylphenol systems 
were repo r ted  by Heredy.(lO) These systems were chosen f o r  i n v e s t i g a t i o n  because of t h e  
p a r t i c u l a r  i n t e r e s t  i n  t h e  r o l e  t h a t  -CH2- b r i dges  may p l a y  i n  coal depolymer izat ion.  

One o f  t h e  i n v e s t i g a t i o n s  was made w i t h  para-benzylphenol. 
w i t h  t h e  para-benzylphenol/phenol (1-14C)/BF3 system t o  s tudy t h e  r a t e  of benzy l  group 
t r a n s f e r  from benzylphenol t o  phenol ( l-14C). It was found, however, t h a t  t h e  r a t e  o f  
benzyl group t r a n s f e r  t o  para-benzylphenol was much f a s t e r  t han  t o  phenol ( l m ) ,  and 
the re fo re ,  no meaningful k i n e t i c  measurements cou ld  be made on the  l a t t e r  system. I n  
another experiment, t he  k i n e t i c s  o f  benzyl group t r a n s f e r  was s tud ied  i n  t h e  para-benzy l -  
phenol-BF3 system. The k i n e t i c  measurements were made i n  sealed g lass  tubes a t  l O O O C  us ing  
a para-benzylphenol t o  BF3 mole r a t i o  o f  6.25/1.0. The two p r i n c i p a l  r e a c t i o n s  which take  
p lace  i n  t h i s  system a re  shown i n  F i g u r e  3. I n  agreement w i t h  the  r e a c t i o n  scheme shown i n  
F igu re  3, t h e  r a t e  o f  disappearance o f  t h e  sum o f  para- and o r tho -c reso ls  f o l l o w e d  a second 
o rde r  r a t e  equat ion.  The r a t i o  o f  t h e  i n i t i a l  r e a c t i o n  r a t e s  o f  r e a c t i o n  l a  t o  l b  was found 
t o  be approx imate ly  4.0. 
methane and some para-cresol  were formed d u r i n g  t h e  l a t t e r  p a r t  o f  t h e  r e a c t i o n .  
i somer i za t i on  t o  ortho-benzylphenol took p lace  as a r e s u l t  o f  t h e  reve rse  r e a c t i o n s  o f  
and B. 

2,6-dimethylph6nol/BF3 system. 
reasons: (a )  I n  t h e  benzylphenollBF3 system two p a r a l l e l  major  r e a c t i o n s  have taken p l a c e  
g i v i n g  d i  benzylphenol and phenol i n  one reac t i on ,  and hydroxybenzylphenols and benzene i n  
the  o the r .  It was expected t h a t  t h e  a d d i t i o n a l  a c t i v a t i n g  e f f e c t  o f  t h e  two methy l  groups 
on t h e  pheno l i c  r i n g  w i l l  s u f f i c i e n t l y  enhance t h e  r e a c t i v i t y  o f  t h e  methylene-aromatic 
carbon-carbon bond on the  s i d e  o f  t h e  pheno l i c  r i n g  t o  make t h e  cleavage of t h a t  bond t h e  
predominant r e a c t i o n ;  (b)  The chemical s h i f t s  o f  t h e  benzyl protons and of t h e  2-methyl 
protons o f  t h e  s t a r t i n g  m a t e r i a l  and o f  t h e  main products  were s u f f i c i e n t l y  d i f f e r e n t  t o  
p e r m i t  t h e  q u a n t i t a t i v e  a n a l y s i s  o f  t h e  r e a c t i o n  m i x t u r e  by p r o t o n  NMR spectrometry. The 
chemical s h i f t s  o f  t h e  benzyl -CH2- groups and o f  t h e  methyl groups i n  t h e  s t a r t i n g  m a t e r i a l  
and i n  t h e  products  are shown i n  Table 3. 

The r e a c t i o n  which was s tud ied  i s  shown i n  t h e  f o l l o w i n g  equat ion:  

Experiments were made f i r s t  

I n  a d d i t i o n  t o  phenol and benzene, s i g n i f i c a n t  a K u n t s T f  d ipheny l -  
Also, 

A more d e t a i l e d  k i n e t i c  s tudy o f  benzy l  group t r a n s f e r  was made u s i n g  t h e  4-benzyl- 
T h i s  system was se lec ted  f o r  i n v e s t i g a t i o n  f o r  t h e  f o l l o w i n g  

(CH3)? (HO)C6H3 
2.6-dimethyl phenol 

2 (CH3)2( HO)C6H2-CH2-C6H5 - 
k-l 

+ 

4-benzyl -2.6-dimethyl phenol (CH3)2 (HO)C6H (CH2-CgHg 12 
3,4-dibenzyl-2,6 d imethy lphenol  
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The k i n e t i c  measurements were made i n  CS2 s o l u t i o n  a t  70OC us ing  sealed NMR sample 
tubes as the r e a c t o r s .  A f t e r  t h e  complet ion of  t h e  p resc r ibed  r e a c t i o n  p e r i o d  each sample 
tube was q u i c k l y  cooled t o  room temperature and t r a n s f e r r e d  t o  t h e  NMR spectrometer f o r  
reco rd ing  t h e  spect ra.  When a s o l u t i o n  o f  4-benzyl -2,6-dimethylphenol and BF3 (mole r a t i o  
4.5 t o  1.0) was used, t h e  abso rp t i on  under t h e  methylene peak (3) and the  methyl peak ( 2 )  
increased f rom an i n i t i a l  va lue of  zero as t h e  r e a c t i o n  advanced, showing t h e  format ion o f  
3,4-dibenzyl-2,6-dimethylphenol. 
f o rma t ion  o f  an e q u i v a l e n t  amount o f  2,6-dimethylphenol. 
determined f o r  b o t h  t h e  fo rward  ( k l )  and t h e  reve rse  (k-1)  r e a c t i o n s  f o r  t h r e e  d i f f e r e n t  BF3 
concen t ra t i ons .  

Independent gas chromatographic a n a l y s i s  showed the 
React ion r a t e  constants were 

The f o l l o w i n g  c o r r e l a t i o n s  were determined: 

Rate ( fo rward  r e a c t i o n )  = kl[BF3] [(CH3),(H0)C6H2-CH2-C6H5] 2 

Rate ( reve rse  r e a c t i o n )  = k- 1[BF3] [( CH3 l 2  (HO)C6H (CH2-C6H5)2]ECH3) (HO)C6H3] 

A t  7OoC and a t  a concen t ra t i on  o f  BF3 = 1.0 moles per  l i t r e  k l  = 2.6 20.3 x 
min-1 l it. moles-1 and k - 1  = 16.0 f 1.8 x 10-4 m i n - l  l it. moles-1. The benzyl group t rans -  
f e r  i n  t h i s  system i s  c l e a r l y  a b imo lecu la r  s u b s t i t u t i o n  r e a c t i o n  where t h e  r a t e  determin ing 
s tep i nvo l ves  a r e a c t i o n  between a p ro tona ted  benzyl compound (benzenium i o n )  and a pheno l i c  
compound o r  i t s  BF3- complex. There i s  no i n d i c a t i o n  o f  t h e  fo rma t ion  o f  t h e  benzyl c a t i o n  
i n  t h i s  p a r t i c u l a r  system. I t  should be noted here t h a t  t h e  data ob ta ined  on the t r a n s f e r  
o f  n-propyl groups (Tab le  2 )  i n d i c a t e  t h a t ,  s i m i l a r l y ,  t h e  main r e a c t i o n  i n  t h a t  t r a n s f e r  
does n o t  i n v o l v e  the  f o r m a t i o n  o f  t h e  1-propenium c a t i o n .  I f  t h a t  were t h e  case, i somer i -  
z a t i o n  t o  the  2-propenium c a t i o n  would take  p lace  w i t h  t h e  predominant fo rma t ion  o f  i s o -  
propylphenols. On t h e  o t h e r  hand, t h e  fo rma t ion  o f  d i  ryl-methenium c a t i o n s  was i n d i c a t e d  
i n  model compound s t u d i e s  r e p o r t e d  b y  Franz e t  a l . , ( l l T  who s tud ied  t h e  behavior o f  t r i a r y l -  
methanes under depo lymer i za t i on  c o n d i t i o n s  u s i n g  b o t h  PTSA and phenol-BF3 as the  c a t a l y s t .  

111. COMMENTS ON THE CHEMISTRY OF COAL DEPOLYMERIZATION 

A f t e r  rev iew ing  t h e  i n f o r m a t i o n  on t h e  r e a c t i v i t i e s  o f  va r ious  b r i d g e  s t r u c t u r e s  which 
may be present  i n  coal ,  i t  w i l l  be i n s t r u c t i v e  t o  summarize a v a i l a b l e  data on coal depoly- 
m e r i z a t i o n  y i e l d s  as a f u n c t i o n  o f  coa l  rank. 
y i e l d s  obta ined by depo lymer i za t i on  wi th  va r ious  s t r u c t u r a l  f ea tu res  o f  coa ls  over the 
c o a l i f i c a t i o n  range wh ich  has been i n v e s t i g a t e d .  

4,(12 an 
F igu re  4 . f 3 j  I n  t h e  case o f  t he  phenol-BFg c a t a l y s t ,  t h e  pheno l - so lub le  product  y i e l d  was 
the  h ighes t  (75%) f o r  t h e  l i g n i t e .  
bituminous coal ,  a l t hough  t h e  l ow  p roduc t  y i e l d  ob ta ined  w i t h  subbituminous coa l  does n o t  
f i t  t h i s  c o r r e l a t i o n .  
s o l u b l e  product  y i e l d  was over  90% f o r  c o a l s  o f  70-84% C content ;  f o r  coa ls  w i t h  h ighe r  C 
content ,  the y i e l d  dropped s h a r p l y  and i t  reached about 10% f o r  a coa l  w i t h  93% C. Benzene- 
ethanol  was a more s e l e c t i v e  so l ven t  than p y r i d i n e  f o r  f r a c t i o n a t i n g  t h e  depolymer izat ion 
products  obta ined w i t h  PTSA c a t a l y s t :  
s o l u b l e  e x t r a c t  and t h e  carbon con ten t  o f  t h e  s t a r t i n g  coal  was observed. 

m e r i z a t i o n  p roduc t  y i e l d s  w i t h  t h e  r e l a t i v e  r e a c t i v i t e s  o f  a l i p h a t i c  carbon and oxygen 
b r i d g e  s t r u c t u r e s  i n  c o a l :  

One can a t tempt  then t o  c o r r e l a t e  t h e  product  

p p o l y m e r i z a t i o n  y i e l d s  determined w i t h  phenol-BFg a t  100°C a r e  summarized i n  Table 
he y i e l d s  o b t a i n e d  w i t h  phenol-PTSA depo lymer i za t i on  a t  185OC a r e  shown i n  

It g r a d u a l l y  decreased t o  about  10% f o r  t h e  l o w - v o l a t i l e  

I n  t h e  case o f  depo lymer i za t i on  w i t h  phenol-PTSA. t h e  p y r i d i n e -  

a l i n e a r  r e l a t i o n s h i p  between t h e  y i e l d  o f  t h e  

The f o l l o w i n g  comments can be made w i t h  rega rd  t o  a c o r r e l a t i o n  o f  t h e  coal depoly- 

(1)  I n  low-rank c o a l s ,  p a r t i c u l a r l y  i n  l i g n i t e s ,  t h e  cleavage o f  a l i p h a t i c  e t h e r  and 
benzyl e t h e r  oxygen bonds may c o n t r i b u t e  s i g n i f i c a n t l y  t o  depolymer izat ion.  Many 
of t h e  a l i p h a t i c  br idges,  which p a r t i c i p a t e  i n  depolymer izat ion,  may be l i n k e d  t o  
s i n g l e  p h e n o l i c  r i n g s .  The r e a c t i v i t y  o f  an a l i p h a t i c  s t r u c t u r e  l i n k e d  t o  a 
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phenolic ring i s  su f f i c i en t  t o  permit i t s  par t ic ipa t ion  in  

do not contain s ign i f icant  amounts o f  su f f i c i en t ly  reac t ive  condensed aromatic 
s t ruc tures  which could par t ic ipa te  i n  depolymerization. 

In high-volati le bituminous coals ( C  = 80-84%), the breaking of a l ipha t i c  bridges 
i s  seen as  the major means of depolymerization. 
linked t o  phenolic rings,  others t o  condensed aromatic rings such a s  phenanthrene. 
Ether oxygen bonds play a l ess  important ro l e  because most of these bonds a re  in 
aromatic e thers  which do not react w i t h  BF3. 

In higher rank bituminous coals (C>84%), the depolymerization product y ie ld  
decreases sharply w i t h  increasing rank. 
re la ted  t o  the nature of the  a l ipha t ic  bridge s t ruc tures .  
i n  lower rank coals a su f f i c i en t  number of the bridge s t ruc tures  a r e  short a l i -  
phatic chains ( N c  = 1 t o  4 ) .  On the other hand, i n  higher rank coa ls ,  nearly a l l  
of the bridge s t ruc tures  a re  condensed hydroaromatic rings; w i t h  s t ruc tures  of 
this  type, several bonds must be broken between two aromatic groups t o  e f f e c t  
depolymerization. 

Among the a l ipha t i c  bridge s t ruc tures ,  -CH2- bridges may play a pa r t i cu la r ly  
important ro l e  i n  coal depolymerization. 
r e l a t ive ly  small ,  the probabili ty of t h e i r  cleavage i s  high because, i n  general, 
both carbon-carbon bonds of the bridge a re  ac t iva ted  under the reaction conditions 
used i n  coal depolymerization. 
obtained i n  depolymerization studies made with phenol-BF3 where the y ie ld  of 
soluble depolymerized products was propor i o  a1 t o  the amount of -CH2-  bridge 
s t ruc tures  found in  the soluble products.fi27 

depolymerization 
reaction. On the  o ther  hand, spectrometic s tud ies  ind ica te  8 5  1 t h a t  these coals 

Many of these bridges may be 

I t  i s  probable t h a t  this decrease i s  
I t  i s  postulated tha t  

Even i f  the number of such bridges i s  

T h i s  view is supported by experimental data 

REFERENCES 

L.  A. Heredy and M. B. Neuworth, Fuel, 41, 221 (1962) 
E.  A.  Depp, C .  M .  Stevens, and M. B. Nezor th ,  Fuel, 35, 437 (1956) 
K. Ouchi, K .  Imuta, and Y.  Yamashita, Fuel, 44, 29 (1965) 
L.  J .  Darlage and M. E .  Bailey, Fuel, 55, 205(1976) 
L.  J. Darlage, J .  P. Weidner, and S. SFBlock, Fuel, 53, 54 (1974) 
J. W .  Larsen and E .  W .  Kuemmerle, Fuel, 55, 162 ( 1 9 7 6 F  
L. A. Heredy, A.  E .  Kostyo, and M .  B .  Nezor th ,  Fuel, 42, 182 (1963) 
J. J .  O'Connor and F. J .  Sowa, JACS, 60, 175 (1935) 
W .  J .  Monacelli and G .  F. Hennion, JAE,  63, 1722 (1941) 
L.  A. Heredy, Studies on the Chemistry and Mechansim of Transbenzylation, Doctoral 
Dissertation, Carnegie I n s t i t u t e  of  Technology, Pit tsburgh (1962) 
J .  A.  Franz, J .  P.  Morrey, G.  L .  Tingey, W .  E. Skiens, R .  J .  Pugmire, and 0. M. Grant, 
Fuel. 56. 366 (19771 

12.  

13. 

L. A: Gredy ,  A .  E.'Kostyo and M. B. Neuworth, Fuel 44, 125 (1965); Coal Science, 
Advances i n  Chernistr Ser ies ,  55, 493 (1966) 
H. L .  Retcofsky, Appyied SpectXscopy, 31, 116 (1977) 

145 



- 
V 

b ” 
I 
4 - 
_I 

0 z W 

8 

0 k 

PI 
W LL 

v) z 

- I C  

a 

2 

3 %  
w a  
m o  

_I 
> 

0 p: 

I 
0 v) 

a 

a 

c( 

n 
W 
N =- _I 

4 t 
9 
m 

LL 
m 

0 

U 
I 
h m 
h 

09 



\ 
i 

I 

- - e -  

.. .. .. .. .. .. .. 

v) .- 
n 
o 
S U 
0 
a 

0 
"9 

147 



COMPOUND 

TABLE 3 

CHEMICAL SHIFT VALUES OF METHYLENE AND METHYL 
PROTONS OF BENZYL DERIVATIVES OF 2,6-OIMETHYLPHENOL 

CHEMICAL SHIFT (ppm)* 
METHYLENE METHYL 
E-- lQ (2)- 

2,6-DIMETHYLPHENOL --- --_ 2-08 2.08 

4-BENZYL- 
2,6-OIMETHYLPHENOL 

3.4-DIBENZYL- 
2,6-DIMETHYLPHENOL 

*TETRAMETHYLSILANE = 0.00 ppm 

--- 3.70 2.03 2.03 

3.80 3.70 1.95 2.10 

TABLE 4 

DEPOLYMERIZATION OF COALS OF DIFFERENT RANKS WITH PHENOL-BF3 AT 100°C 

Combined Phenol 

Coal Type C, % dmmf Y ie ld ,  % F rac t i on ,  % 
T o t a l  So lub le (a )  Content o f  Solub le 

L i g n i t e  70.6 75.2 41.2 

SubB 76.7 23.4 32.8 

hvab 82.4 47.4 16.3 

hva b 85.1 28.8 12.4 

hvab 85.8 25.0 13.0 

l v b  90.7 9.8 15.5 

7a)Coal -der ived p a r t  of  phenol s o l u b l e  m a t e r i a l  



6 - Q  Q 
N 

T 

+ 

N 
I 

Q 
I 

149 



r- r- cu 0 h ..d 

U 

i 

150 



FIGUHE 3. 

BF3-CATALYZED BENZYL GROUP TRANSFER IN BENZYLPHENOLS 
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FIGURE 3. 

BF3CATALYZED BENZYL GROUP TRANSFER IN EENZYLPHENOLS 
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