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Prev ious ly  we have repo r ted  ou r  i n v e s t i g a t i o n s  o f  t h e  thermal  
chemistry pathways o f  a number o f  e the r  systems under c o a l  convers ion 1 i k e  
condi t ions.  (1-4). I n  o u r  s tud ies  on naphthalene methyl e t h e r  p y r o l y s i s  (4) ,  
we d is t inguished t h r e e  ma jo r  r e a c t i o n  pathways a t  400'C (750OF): 0-C a l k y l  
cleavage y i e l d i n g  naphthols  and R-H a f t e r  hydrogen abs t rac t i on ,  an 
i somer i za t i on  pathway o f  t h e  s t a r t i n g  e the rs  and a rearrangement pathway 
i n v o l v i n g  i n i t i a l  a l k y l  C-H hydrogen abst ract ion.  
t h e  most impor tant  pathway i n  t h i s  system. 

We showed t h a t  t he  decomposit ion k i n e t i c s  o f  t h e  l -naphthalene 
methyl e t h e r  was f a s t e r  t han  t h a t  o f  t h e  2-isomer and t h a t  bo th  naphthalene 
ethers were the rma l l y  more r e a c t i v e  than a n i s o l e  (Table I). The product 
s la tes  f o r  t h e  e t h e r s  a r e  l i s t e d  i n  Table 11. 

Cleavage o f  t h e  0-C bond i s  

Figure 1 d e p i c t s  f o u r  poss ib le  pathways t o  form naphthalene f rom 
1-naphthalene methyl e the r .  (he way which appeared p a r t i c u l a r l y  a t t r a c t i v e  
was hydrodeoxygenation o f  naphthol. 
i n v e s t i g a t i n g  t h e  h igh  temperature chemist ry  o f  1-naphthol under coa l  
conversion l i k e  cond i t i ons .  

I n  t h i s  s tudy we pursue t h a t  ques t i on  b y  

1-Naphthol was heated t o  45OOC (R40'F) i n  a 30  cc  ba tch  autoc lave 
under an i n i t i a l  room temperature pressure o f  500 p s i  (3.5 MPa) o f  hydrogen. 
A t  react ion temperatures, t h e  t o t a l  pressure o f  t h e  system rose t o  -1000 
ps i .  As shown i n  Figure 2, under ou r  ( l a r g e l y )  gas phase r e a c t i o n  cond i t i ons ,  
t h e  major products a re  naphthalene and t e t r a l i n .  Other products  i d e n t i f i e d  
included I - t e t r a l o n e  and I - t e t r a l o l .  The presence o f  these  two Cl0 oxygenates 
i s  cons is tent  w i t h  t h e  r e s u l t s  o f  Poutsma and Dyer (5) who s tud ied  t h e  thermal 
chemistry o f  1-naphthol w i thou t  any ex te rna l  hydrogen. Thei r  work was c a r r i e d  
o u t  a t  4OOOC (75OoF), a temperature where 1-naphthol e x i s t s  l a r g e l y  i n  t h e  
l i q u i d  phase. 
naphthalene was obtained, comparable t o  o u r  naphthalene y i e l d s  f rom t h e  
thermolys is  o f  t h e  naphthalene methyl e t h e r s  (Table 11). 

Figure 2 shows t h a t  t h e  y i e l d  o f  t h e  hydroaromatic, t e t r a l i n ,  
diminishes w i t h  time w h i l e  t h a t  o f  naphthalene grows as a f u n c t i o n  o f  t ime.  
Th is  i s  cons i s ten t  w i t h  a con t inu ing  hydrogen demand f rom unreacted naphthol 
and other  hydrogen d e f i c i e n t  systems ( i  . e . ,  rad i ca l s ,  1 - t e t r a l o n e  and 1- 
t e t r a l o l )  s lowly  dehydrogenating t e t r a m  t o  naphthalene. 

Under thermal c o n d i t i o n s  where Poutsma and Dyer (5) show about 33% 
conversion, the major  products  a r e  d inaphthy l  f u ran  (53%), 1 - t e t r a l o n e  (18%). 
t e t r a l i n  (3%) and naphthalene (2%). 
conversion (39%), we found t e t r a l i n  (35%), naphthalene (28%), and 1 - t e t r a l o n e  
(10%). w i t h  on ly  5% d imer i c  and h igher  molecular  weight species. C lea r l y  w i t h  
moderate pressure hydrogen, even w i thou t  any added c a t a l y s t ,  t h e  d i m e r i z a t i o n  

In  t h e i r  hydrogen starved system, on l y  a 2% y i e l d  o f  

Under hydrogen a t  s i m i l a r  l e v e l s  o f  
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o r  "growth" pathway so damaging t o  h igh  o i l  y i e l d s  from coal  py ro l yses  i s  
superseded by reduc t i on  o f  t h e  hydroxy l -conta in ing r i n g .  We ca lcu  a t e  a r a t e  
constant  f o r  t h e  disappearan e o f  naphthol t o  be 2.2 x 
under hydrogen and 1.3 x lo- '  sec-]-at 400°C w i thou t  added hydrogen. 

Scheme I prov ides a s e r i e s  o f  thermal s teps which can account f o r  
t he  i n i t i a l  generation o f  phenolics, then aromatics, and f i n a l l y  
hydroaromatics under moderate hydrogen pressure. We beg in  w i t h  a r y l  a l k y l  
e thers,  moiet ies determined t o  be impor tan t  r e a c t i v e  components i n  l i g n i n s  (6) 
and i n  low rank coa ls  (7 ) .  
wi thout  external  sources o f  hydrogen, t h e  dominant pathway i s  one o f  
condensation t o  make a d imer i c  fu ran  (5) .  Since i n  a coa l  system, t h e r e  w i l l  
be some ava i l ab le  hydrogen (na t i ve  t o  t h e  c o a l )  even a p y r o l y s i s  w i l  1 l e a d  t o  
t h e  formation o f  some aromatic and hydroaromatic compounds as secondary 
reac t i on  products f o l l o w i n g  t h e  i n i t i a l  e t h e r  cleavage pathway t o  phenols. 

Experimental 

showed a p u r i t y  >99%). The s i x  batch reac to rs  employed were cons t ruc ted  o f  
316 s ta in less  s tee l  and have p rev ious l y  been descr ibed i n  d e t a i l  (8). Each 
reac to r  was charged w i t h  2.09 o f  1-naphthol and 500 p s i  (3.5 MPa) o f  hydrogen, 
attached t o  a rack and toge the r  plunged i n t o  a preheated f l u i d i z e d  sand b a t h  
and moderately ag i ta ted.  
I n d i v i d u a l  reac to rs  were removed from t h e  h o t  sand b a t h  a t  va r ious  t i m e s  and 
r a p i d l y  quenched by p lunging them i n t o  a water bath. 
c a p i l l a r y  gc. Use o f  an ex te rna l  s tandard (n-hexadecane) pe rm i t ted  
i d e n t i f i c a t i o n  o f  >90% by weight o f  t h e  charged ma te r ia l .  

sec-' a t  450°C 

I n  con t ras t ,  when t h e  naphthol i s  generated 

1-Naphthol ( A l d r i c h )  was used as received ( c a p i l l a r y  gc a n a l y s i s  

Heatup t imes are on t h e  o rde r  o f  1.5 minutes. 

Product a n a l y s i s  was by 

Summary 

1-Naphthol t he rmo lys i s  was s tud ied  a t  450'C (84OOF) under moderate 
hydrogen pressure o f  -1000 p s i  a t  r e a c t i o n  temperatures. The s u r p r i s i n g  
r e s u l t  i s  t he  marked d i f f e r e n c e  from e a r l i e r  r e s u l t s  repo r ted  o n  the rmo lys i s  
o f  1-naphthol under n i t rogen:  whereas t h e  condensed products ,  d inaph thy l fu ran  
and 1 - te t ra lone  a r e  dominant under n i t rogen;  i n  t h e  hydrogen case t e t r a l i n  and 
naphthalene are t h e  most important products. This change i n  r e a c t i o n  product  
i s  accounted f o r  by a new, compe t i t i ve  r e a c t i o n  pathway prov ided t o  t h e  system 
by the  molecular hydrogen. 
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Ether - 

Table I 

UNIMOLECULAR DECOMPOSITION RATES 
FOR METHYL ARYL ETHERS 

Batch Autoclaves, 3.5 MPa N2, 0.1 H r  Residence Time 

@ O'CH3 Anisole 

2-Methoxy- 
CH3 Naphthalene 

1-Methoxy- 
Naphtha1 ene 

% Recovered 
Ether I3 T=0.1 Hr 

450'C - 
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91 0.94 

71f2 

33f3 

0.5 4.1 

1.4 12 
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