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E x i s t i n g  p r o c e s s e s  h a v e  b e e n  a s s e m b l e d  in a n o v e l  c o m b i n a t i o n  c a p a b l e  
o f  p r o d u c i n g  h i g h e r  h y d r o c a r b o n s  f r o m  m e t h a n e  w i t h  h i g h  y i e l d  a n d  
s e l e c t i v i t y .  M e t h a n e ,  o x y g e n ,  a n d  h y d r o g e n  c h l o r i d e  r e a c t  o v e r  a n  
o x y h y d r o c h l o r i n a t i o n  (OHC) c a t a l y s t  in t h e  f i r s t  s t a g e  t o  p r o d u c e  
p r e d o m i n a n t l y  c h l o r o m e t h a n e  a n d  w a t e r .  In t h e  s e c o n d  s t a g e ,  t h e  
c h l o r o m e t h a n e  i s  c a t a l y t i c a l l y  c o n v e r t e d  t o  h i g h e r  h y d r o c a r b o n s ,  
n a m e l y ,  p a r a f f i n s ,  c y c l o p a r a f f i n s ,  o l e f i n s ,  a n d  a r o m a t i c s ,  by  a n  
a l u m i n o - s i l i c a t e  z e o l i t e .  I n  t h e  p r o c e s s  d e s c r i b e d ,  t h e  f i n a l  h y d r o -  
c a r b o n  m i x t u r e  i s  l a r g e l y  i n  t h e  g a s o l i n e  (C4-C10) b o i l i n g  r a n g e .  

The f i r s t  s t a g e  o f  t h e  p r o c e s s  h a s  b e e n  c a r r i e d  o u t  u n d e r  v a r y i n g  c o n -  
d i t i o n s  of  t e m p e r a t u r e  and  r e s i d e n c e  t i m e s .  The c o n v e r s i o n  o f  r e a c -  
t a n t s ,  t h e  y i e l d s ,  and  t h e  p r o d u c t  s e l e c t i v i t i e s  a r e  t a b u l a t e d  o v e r  
t h e  o p e r a t i n g  r a n g e  of t h e  c a t a l y s t .  

The s e c o n d - s t a g e  r e a c t i o n  h a s  b e e n  c a r r i e d  o u t  u t i l i z i n g  f e e d s  o f  
c h l o r o m e t h a n e  a n d  v a r i o u s  m i x t u r e s  o f  c h l o r o m e t h a n e ,  d i c h l o r o m e t h a n e ,  
and  t r i c h l o r o m e t h a n e .  A l o n g - t e r m  s t u d y  o n  a c o m m e r c i a l  z e o l i t e  h a s  
shown no s i g n i f i c a n t  c h a n g e s  in c o n v e r s i o n s  o r  p r o d u c t  d i s t r i b u t i o n  
a f t e r  m u l t i p l e  r e g e n e r a t i o n  c y c l e s .  

INTRODUCTION 

C u r r e n t  t e c h n o l o g y  f o r  t h e  c o n v e r s i o n  o f  m e t h a  e t o  more  u s e f  1 com- 
p o u n d s  i n c l u f e s  s t e a m  r e f o r m i n g  r e a c t i o n s ; '  h a l o g e n a t i o n ; '  o x y -  
c h l o r i n a t i  n; o x i d a t i o n ,  i n c l u d i n g  o i d a t i v e  c o u p l i n g  a n d  m e t a l  g x i d e  
r e a c t i o n s ; '  r e a c t i o n  w i t h  s u p e r a c i d s ; '  a n d  v a r i o u s  o t h e r  m e t h o d s .  A t  
p r e s e n t ,  t h e s e  c o n v e r s i o n  s c h e m e s  a r e  u n a t t r a c t i v e  b e c a u s e  t h e y  a r e  
marked by low o v e r a l l  c a r b o n  c o n v e r s i o n s  O K  p o o r  s e l e c t i v i t i e s .  

In 1 9 7 5 ,  M o b i l  O i l  C o r p o r a t i o n  p a t e n t e d  a p r o c e s s . f o r  t h e  c o n v e r s i o n  
of m e t h a n o l  t o  h i g h e r  , h y d r o c a r b o n s  by r e a c t i o n  o v e r  a z e o l i t e  
c a t a l y s t ,  s u c h  a s  ZSM-5. A l t h o u g h  l a t e r  M o b i l  p a t e n t s  c l a i m e d  t h a t  
ZSM-5 wo I d  c o n v e r t  a n y  m o n o f u n c t i o n a l i z e d  m e t h a n e  t o  h i g h e r  h y d r o -  
c a r  o n s , '  m e t h a n o l  was t h e  f e e d s t o c k  o f  i n t e r e s t .  In 1 9 8 2 ,  I o n e  e t  
a l . '  r e p o r t e d  t h a t  t h e  c o n v e r s i o n  p r o d u c t s  o f  m o n o f u n c t i o n a l i z e d  
m e t h a n e s  o v e r  z e o l i t e s  w e r e  i n d e p e n d e n t  o f  t h e  s u b s t i t u e n t  a n d ,  f o r  a 
g i v e n  c a t a l y s t ,  d e p e n d e d  o n l y  on t h e  r e a c t i o n  c o n d i t i o n s .  

In work d o n e  l l i e d  C h e m i c a l  C o r p o r a t i o n ,  P i e t e r s  e t  a l . ' O B  l 1  a n d  
Conner  e t  a l .  '"'* " r e p o r t e d  t h e  s e l e c t i v e  f u n c t i o n a l i z a t i o n  o f  m e t h a n e  
by r e a c t i o n  w i t h  o x y g e n  and  h y d r o g e n  c h l o r i d e  o v e r  a s u p p o r t e d  c o p p e r  
c h l o r i d e  c a t a l y s t  t o  g i v e  t e t r a c h l o r o m e t h a n e  as  t h e  m a j o r  p r o d u c t .  T h e  
a d v a n t a g e s  o f  t h e  A l l i e d  p r o c e s s  a r e  s i g n i f i c a n t .  R e a c t i o n  c o n d i t i o n s  
a r e  m i l d ,  a n d  c o n v e r s i o n  and  p r o d u c t  d i s t r i b u t i o n  a r e  s t a t e d  t o  b e  
f u n c t i o n s  of f e e d  s t o i c h i o m e t r y  and  t e m p e r a t u r e .  

I f  a m o d i f i c a t i o n  of t h e  O H C  r e a c t i o n  c o n d i t i o n s  p r o d u c e d  p r e d o m -  
i n a n t l y  c h l o r o m e t h a n e ,  a t w o - s t e p  p r o c e s s  ( F i g u r e  1 1 ,  in w h i c h  t h e  
c h l o r o m e t h a n e  o l i g o m e r i z a t i o n  s t e p  p r o v i d e s  t h e  h y d r o g e n  c h l o r i d e  
n e e d e d  f o r  m e t h a n e  c h l o r i n a t i o n ,  wou ld  b e  p o s s i b l e .  C h l o r i n e ,  a s  
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h y d r o g e n  c h l o r i d e ,  is e s s e n t i a l l y  a p l a c e h o l d e r  i n  t h e  m e t h y l e n e  s y n -  
t h o n .  T h i s  i s  t h e  b a s i s  o f  t h e  P E T C  p r o c e s s .  

T h e  work  d e s c r i b e d  b e l o w  d e m o n s t r a t e s  t h a t  a n  e f f e c t i v e  method f o r  
s e l e c t i v e  f u n c t i o n s l i z a t i o n  i n  c o m b i n a t i o n  w i t h  o l i g o m e r i z a t i o n  o v e r  a 
z e o l i t e  c a t a l y s t  p r o v i d e s  a f a c i l e  r o u t e  f o r  c o n v e r s i o n  of m e t h a n e  t o  
h i g h e r  h y d r o c a r b o n s .  

BXPEEIIIRBTAL 

T h e  d e t a i l s  o f  t h e  t w o - s t a g e  l a b o r a t o r y  r e a c t o r  s y s t e m  a r e  shown i n  
F i g u r e  2 .  A l l  t h e  r e a c t a n t s  w e r e  i n t r o d u c e d  a t  s l i g h t l y  a b o v e  a t m o s -  
p h e r i c  p r e s s u r e  f r o m  g a s  c y l i n d e r s .  F low r a t e s  w e r e  c o n t r o l l e d  b y  a 
B r o o k s  f o u r - c h a n n e l  m a s s - f l o w  c o n t r o l l e r .  The f e e d  s t r e a m  f o r  t h e  
f i r s t - s t a g e  r e a c t o r  was s a m p l e d  b e f o r e  a n d  a f t e r  t h e  e x p e r i m e n t a l  r u n ,  
w h i l e  t h e  p r o d u c t  s t ream was c o n t i n u o u s l y  s a m p l e d  on l i n e  d u r i n g  t h e  
r u n  t o  o b t a i n  a mass  b a l a n c e  a r o u n d  t h e  OHC r e a c t i o n .  A q u a d r u p o l e  
mass s p e c t r o m e t e r  w a s  u s e d  t o  a n a l y z e  t h e  f e e d  and  p r o d u c t  s t r eams .  
O l i g o m e r i z a t i o n  r e a c t i o n  p r o d u c t s  w e r e  c o l l e c t e d  a t  d r y  i c e  t e m p e r a -  
t u r e s  a n d  a n a l y z e d  on a H e w l e t t - P a c k a r d  5880 c a p i l l a r y  co lumn g a s  
c h r o m a t o g r a p h  e q u i p p e d  w i t h  a H e w l e t t - P a c k a r d  5 9 7 0  mass s e l e c t i v e  
d e t e c t o r  (GC/MSD). 

T h e r m o g r a v i m e t r i c  (TG) m e a s u r e m e n t s  w e r e  c o n d u c t e d  u s i n g  a P e r k i n -  
E lmer  TGS-2 s y s t e m .  D i f f e r e n t i a l  S c a n n i n g  C a l o r i m e t r y  (DSC) m e a s u r e -  
m e n t s  w e r e  c o n d u c t e d  u s i n g  a P e r k i n - E l m e r  DSC-PC c a l o r i m e t e r .  B o t h  
t h e  TG a n d  t h e  DS w e r e  c o n n e c t e d  t o  a TADS d a t a  s t a t i o n .  H e a t i n g  
r a t e s  o f  10°C min-' w e r e  e m p l o y e d  f o r  3-6 mg o f  a c t i v a t e d  O H C  c a t a l y s t  
c o n t a i n e d  i n  a g o l d  p a n  u n d e r  a n  i n e r t  a t m o s p h e r e .  

The  c a t a l y s t s  were c o n t a i n e d  b e t w e e n  q u a r t z  wool  p l u g s  w i t h i n  h o r i z o n -  
tal 1- X 35-  c e n t i m e t e r  q u a r t z  t u b e s  e n c l o s e d  i n  s p l i t  t u b e  f u r n a c e s .  
T e m p e r a t u r e s  w e r e  c o n t r o l l e d  by a f e e d b a c k  c o n t r o l l e r .  

T h e  r e a c t a n t s  w e r e  p r e h e a t e d  t o  175OC b e f o r e  e n t e r i n g  t h e  c a t a l y s t  
z o n e .  The  e f f l u e n t  s t r e a m  was m a i n t a i n e d  a t  150°C t o  p r e v e n t  p r o d u c t  
c o n d e n s a t i o n  b e f o r e  t h e  c o l d  t r a p  o r  i n  t h e  c a p i l l a r y  i n l e t  t o  t h e  
mass s p e c t r o m e t e r .  

T h e  o x y h y  o c h l o r i n a t i o n  c a t a l y s t  was p r e p a r e d  a c c o r d i n g  t o  t h e  
l i t e r a t u r e  p6,11 b y  s e q u e n t i a l  l a y e r i n g  o f  CuC1, K C 1 ,  and  L s C 1 3  o n t o  a 
fumed s i l i c a  s u p p o r t  in n o n a q u e o u s  s o l v e n t s .  The OHC c a t a l y s t  was a c -  
t i v a t e d  i n  a s t r e a m  o f  h y d r o g e n  c h l o r i d e  a t  3 O O 0 C  f o r  t e n  m i n u t e s  
p r i o r  t o  u s e .  The ZSM-5 was o b t a i n e d  f r o m  M o b i l  O i l  C o r p o r a t i o n  i n  
t h e  ammonium f o r m  w i t h  a s i l i c a - t o - a l u m i n a  r a t i o  o f  7 0 : l .  The a m -  
monium f o r m  was c o n v e r t e d  t o  t h e  a c i d  f o r m  by c a l c i n i n g  i n  a i r  a t  
538OC f o r  1 6  h o u r s .  The i r o n - p r o m o t e d  ZSM-5, p r e p a r e d  a c c o r d i n g  t o  
t h e  me thod  o f  Rao a n d  G o r m l e y , 1 4  c o n t a i n e d  1 4 . 5 %  i r o n  by w e i g h t  a n d  
h a d  a s i l i c a - t o - a l u m i n a  r a t i o  o f  2 7 : l .  

The  r e a c t i o n  c o n d i t i o n s  f o r  t h e  o l i g o m e r  z a t i o n  o f  c h l o r o m e t h a n e  were 
s i m i l a r  t o  t h o s e  r e p o r t e d  f o r  m e t h a n o l , "  i . e . ,  r e a c t i o n  t e m p e r a t u r e  
o f  35OoC a n d  WHSV = I ,  u s i n g  1 g r a m  o f  c a t a l y s t .  

The  z e o l i t e  c a t a l y s t  was r e g e n e r a t e d  by e x p o s u r e  t o  o x y g e n  a t  t e m p e r a -  
t u r e s  b e t w e e n  350° a n d  550°C u n t i l  t h e  p r e s e n c e  o f  c a r b o n  d i o x i d e  i n  
t h e  e f f l u e n t  s t r e a m  was  no l o n g e r  d e t e c t e d  by  t h e  mass s p e c t r o m e t e r .  
Removal  o f  c a r b o n  r e s t o r e d  t h e  c a t a l y s t  t o  i t s  i n i t i a l  a c t i v i t y  e v e n  
a f t e r  1 4  c y c l e s .  
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RESULTS 

Conversion of methane to chloromethane 

The conversion of methane to chloromethane has been observed under 
various reaction conditions. The data (Table I and Figure 3) show a 
material balance around 100% and display several trends. Note that 
methane conversion and polychlorination both increase as residence 
time and temperature increase. 

The highest level of methane conversion occurred around 345OC, which 
is in the neighborhood oilreported eutectic melting points f o r  several 
CuC1-KC1-LsC13 mixtures. When the temperature exceeded 35OoC, con- 
version decreased. The DSC measurements showed an endotherm with an 
onset at 385OC and a maximum at 4 0 6 O C .  The maximum corresponds o the 
reported melting point of the supported CuC1-KC1-LaC13 layers. l 5  The 
loss of activity occurs well below the experimentally determined melt- 
ing point and may be explained as the result of a surface area 
decrease because of phase transitions in the supported phase o r  a 
loss of stratification due to diffusion. 

Production of carbon dioxide and formic acid, undesirable by-products, 
also varied with residence time and temperature. As either the 
residence time or temperature increased, the amount of carbon dioxide 
increased while the amount of formic acid decreased. Carbon monoxide 
was not detected in the product stream. 

The OHC catalyst is also susceptible to deactivation by exposure to 
oxygen in the absence of methane at temperatures greater than 100°C. 
Reactivation requires exposure of the catalyst to hydrogen gas at tem- 
peratures between 280' and 3 0 O o C .  The catalyst is stable in air at 
ambient temperatures but is hygroscopic. Surface moisture is indi- 
cated by a color change from brown to green. Removal of water from 
hydrated catalyst by heating above 100°C in an inert gas stream gave a 
catalyst with less OHC activity than freshly prepared and activated 
catalyst. 

Conversion of chloromethane to gasoline 

Conversion of chloromethane over ZSM-5 to gasoline-range hydrocarbons 
has been observed to occur under conditions similar to those for the 
conversion of methanol. Two forms of the oligomerization catalyst 
were used in this study. One was a sample of iron-promoted ZSM-5 syn- 
thesized in our laboratory; the other was a sample of H-ZSM-5 obtained 
from Mobil Oil Corporation. Both catalysts produced similar products 
under the same reaction conditions. The gas chromatograms of the 
products collected from methanol o r  chloromethane oligomerization over 
ZSM-5 are shown in Figures 4 and 5, respectively. The mass selective 
detector allowed identification of most of the components in the 
samples, which are listed in Table 11. Generally, the products con- 
tain ten carbons o r  less, and a large fraction of the product is 
aromatic. The presence of chlorinated aromatics was not observed for 
any of the oligomerization reactions conducted. 

Trace amounts of 2-chloropropane and 2-chlorobutane were also found in 
one of the chloromethane oligomerization products. We hypothesized 
that these compounds had been formed by vapor phase addition of 
hydrogen chloride to propene and butene, products of chloromethane 
oligomerization. This typg of addition has been reported to occur un- 
der similar conditions. It was further proposed that if these 
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c , h l o r i n a t e d  a l k a n e s  came in c o n t a c t  w i t h  t h e  z e o l i t e  c a t a l y s t ,  t h e y  
w o u l d  b e  o l i g o m e r i z e d .  To t e s t  t h e  l a t t e r  t h e o r y ,  s e v e r a l  p r i m a r y ,  
s e c o n d a r y ,  a n d  t e r t i a r y  c h l o r o c o m p o u n d s  o f  p r o p a n e ,  b u t a n e ,  a n d  p e n -  
t a n e  w e r e  a l l o w e d  t o  r e a c t  o v e r  ZSM-5 a t  t h e  c o n d i t i o n s  f o r  c h l o r o -  
m e t h a n e  o l i g o m e r i z a t i o n .  In e a c h  c a s e ,  t h e  h a l o c a r b o n  was c o n v e r t e d  
t o  a r o m a t i c  h y d r o c a r b o n s  a n d  h y d r o g e n  c h l o r i d e ,  c o n f i r m i n g  o u r  
h y p o t h e s i s .  I 
Key t o  t h e  PETC p r o c e s s  is t h e  a b i l i t y  o f  t h e  ZSM-5 t o  c o n v e r t  mix -  
t u r e s  o f  c h l o r o m e t h a n e s ,  e s p e c i a l l y  t h o s e  w i t h  c o m p o s i t i o n s  s i m i l a r  t o  
t h e  OHC p r o d u c t  s t r e a m .  w i t h o u t  e x c e s s i v e  d e a c t i v a t i o n  d u e  t o  c o k i n g .  
To d e t e r m i n e  t h e  e f f e c t  of f e e d  c o m p o s i t i o n  on c a t a l y s t  c o k i n g ,  m i x -  
t u r e s  o f  c h l o r o m e t h a n e ,  d i c h l o r o m e t h a n e ,  a n d  t r i c h l o r o m e t h a n e ,  
i n c l u d i n g  o n e  w i t h  m o l a r  r a t i o s  i d e n t i c a l  t o  t h e  O H C  p r o d u c t  s t r e a m  
( T a b l e  I ,  5 . 1 4  s e c o n d s ) ,  w e r e  r e a c t e d  o v e r  ZSM-5. C o n v e r s i o n s  a n d  
c o k e  f o r m a t i o n  on t h e  z e o l i t e  w e r e  c o m p a r a b l e  t o  t h o s e  e x p e r i e n c e d  f o r  
s t r a i g h t  c h l o r o m e t h a n e  ( F i g u r e  6 )  w h e n  t h e  m o l a r  r a t i o  o f  
c h l o r o m e t h a n e  t o  d i c h l o r o m e t h a n e  was a t  l e a s t  2 . 7 5  t o  1 a n d  t h e  
t r i c h l o r o m e t h a n e  w a s  2 . 3  mole  p e r c e n t  o r  l e s s .  

T h e  e f f e c t s  o f  c a t a l y s t  a g i n g ,  c a u s e d  by  p r o l o n g e d  c o n t a c t  o f  t h e  ZSM- 
5 w i t h  t h e  p r o d u c t s  o f  r e a c t i o n ,  m a i n l y  h y d r o g e n  c h l o r i d e ,  h a v e  b e e n  
a d d r e s s e d .  C o n v e r s i o n  s t u d i e s  w e r e  u n d e r t a k e n  on a s i n g l e  1-gram ZSM- 
5 s a m p l e  e x p o s e d  t o  v a r i o u s  m i x t u r e s  o f  c h l o r o m e t h a n e ,  
d i c h l o r o m e t h a n e ,  a n d  t r i c h l o r o m e t h a n e  u n d e r  r e a c t i o n  c o n d i t i o n s .  When 
c o n v e r s i o n s  d r o p p e d  b e l o w  50%, t h e  z e o l i t e  was r e g e n e r a t e d  by  r e m o v a l  
o f  t h e  c o k e  a s  d e s c r i b e d  a b o v e .  A f t e r  r e g e n e r a t i o n ,  t h e  i n i t i a l  
c o n v e r s i o n  o f  c h l o r o m e t h a n e  r e t u r n e d  t o  - 1 0 0 % .  P r o d u c t  d i s t r i b u t i o n  
e x h i b i t e d  no n o t i c e a b l e  c h a n g e  d u r i n g  8 0 0  h o u r s  o f  o p e r a t i o n  a n d  1 4  
r e g e n e r a t i o n  c y c l e s .  

1 

C o n c l u s i o n  

M e t h a n e  h a s  b e e n  c o n v e r t e d  t o  h i g h e r  h y d r o c a r b o n s  b o i l i n g  in t h e  
g a s o l i n e  r a n g e  by  t h e  t w o - s t a g e  p r o c e s s  d e s c r i b e d .  In t h e  f i r s t  
s t a g e ,  m i x t u r e s  o f  c h l o r o m e t h a n e ,  d i c h l o r o m e t h a n e ,  a n d  t r i c h l o r -  
o m e t h a n e  w e r e  p r o d u c e d  by t h e  OHC c a t a l y s t  i n  r a t i o s  d e p e n d e n t  o n  
r e a c t i o n  t e m p e r a t u r e ,  r e s i d e n c e  t i m e ,  a n d  l a r g e  c h a n g e s  in f e e d  
s t o i c h i o m e t r y .  U n d e r  t h e  c o n d i t i o n s  d e s c r i b e d ,  t h e  r a t i o  o f  
c h l o r o m e t h a n e  t o  d i c h l o r o m e t h a n e  v a r i e d  f r o m  3.82 t o  1 . 7 0  a s  r e s i d e n c e  
t i m e  i n c r e a s e d  f r o m  4.20 t o  9 .58  s e c o n d s .  T h e s e  e x p e r i m e n t s  w e r e  
c o n d u c t e d  a t  a r e a c t i o n  t e m p e r a t u r e  p r o d u c i n g  maximum m e t h a n e  
c o n v e r s i o n .  C h l o r o f o r m  p r o d u c t i o n  a l s o  i n c r e a s e d  w i t h  i n c r e a s i n g  
r e s i d e n c e  t i m e .  T e t r a c h l o r o m e t h a n e  f o r m a t i o n  w a s  a t  o r  b e l o w  
d e t e c t a b i l i t y  l i m i t s  d u r i n g  a l l  e x p e r i m e n t s .  

T h e  o l i g o m e r i z a t i o n  o f  c h l o r o m e t h a n e  t o  g a s o l i n e - b o i l i n g - r a n g e  
h y d r o c a r b o n s  o c c u r r e d  u n d e r  c o n d i t i o n s  i d e n t i c a l  t o  t h o s e  f o r  
m e t h a n o l .  H y d r o g e n  c h l o r i d e ,  t h e  b y - p r o d u c t  o f  o l i g o m e r i z a t i o n ,  is 
r e c o v e r a b l e  f r o m  t h e  p r o d u c t  s t r e a m  a n d  may b e  r e c y c l e d  f o r  u s e  in t h e  
O H C  s t e p .  M i x t u r e s  o f  c h l o r o m e t h a n e  a n d  d i c h l o r o m e t h a n e  in r a t i o s  o f  
g r e a t e r  t h a n  2.75 t o  1 ,  r e s p e c t i v e l y ,  a l o n g  w i t h  m i x t u r e s  o f  
c h l o r o m e t h a n e ,  d i c h l o r o m e t h a n e ,  a n d  t r i c h l o r o m e t h a n e  i n  t h e  same m o l a r  
r a t i o s  a6 p r o d u c e d  in t h e  o x y h y d r o c h l o r i n a t i o n  s t a g e ,  a r e  a l s o  
o l i g o m e r i z e d  by ZSM-5. The o l i g o m e r i z a t i o n  o f  t h e  m i x t u r e s  c o n t a i n i n g  
t h e  p o l y c h l o r i n a t e d  m e t h a n e s  o c c u r s  w i t h o u t  o b s e r v a b l e  d i f f e r e n c e  in 
c o n v e r s i o n  o r  c o k e  d e p o s i t i o n  f r o m  t h a t  e x p e r i e n c e d  f o r  c h l o r o m e t h a n e  
o r  m e t h a n o l .  L o n g - t e r m  e x p o s u r e  o f  t h e  z e o l i t e  t o  h y d r o g e n  c h l o r i d e  
a n d  m u l t i p l e  r e g e n e r a t i o n s  d o  n o t  a p p e a r  t o  a f f e c t  e i t h e r  c o n v e r s i o n s  
o r  p r o d u c t  d i s t r i b u t i o n .  
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FIGURE 1 .  CYCLIC PATHWAY FOR THE C O N V E R S I O N  OF 
M E T H A N E  T O  GASOLINE B Y  THE TWO-STAGE PETC PROCESS 
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FIGURE 2. LABORATORY-SCALE UNIT F O R  
T H E  CONVERSION OF METHANE TO GASOLINE 

Residence Time = 4.94 seconds 
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FIGURE 3. CONVERSION OF OXYHYDROCHLORINATION 
REACTANTS AS A FUNCTION OF TEMPERATURE 

i 
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FIGURE 6. CHLOROMETHANE CONVERSION A S  A 

FUNCTION OF TIME AFTER T H E  14TH REGENERATION 
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TABLE I 

Selectivity of the OHC Reaction at 342OC 

C.IcYI.1.d Cmnlonb Y. PmdYCt 

Re.1d.m c w u  
T I W I S . ~ ~  CH. nci 0, CH,CI CH.CI. CHCL, CCI. co co. HCOOH CH,CI, 

4.17 25.m 3.17 3 . 0 1  75.32 1972 156  OW 0.00 061 257 362 

5.14 26.36 3926 58.89 73.86 21.24 1.86 O W  0.03 0.93 1.80 346 

6.M 24.36 9.71 5521 88.42 25.83 292 0.01 0.02 113 139 2.65 

6.X 58.36 57.72 5795 67.80 26.16 2.70 OW OW 164 16d 2.60 

657 4525 6241 62.89 %.70 27.15 3.32 0.01 0.W 162 1.19 2.W 

1.71 42.12 96.58 97.36 M.80 27.47 3.62 001 0.00 2.16 1.62 2.36 

9.12 U . 4 8  98.00 92.89 5 7 . 3  32.31 5.65 0.02 OW 345 0.93 1.77 

T.SLE I1 

Oligomerization Product Identification 

Retention Time (MinJ 

5.022 
5.259 

5.356 
6255 
6.838 
8.980 

13.763 

14.u; 

1E.252 

21.716 

23.276 

26.020 

29.506 

32.078 

Compound 

Pentane 

B u i a n ~  

Benzeie 

Cyclonexane 

Hexane 

Toluene 

Xylene 

Xylene 

Xylene 

1,3.5Trimethylbenzene 

1 2 3 +  1.2.r.Tnme:nytSe:,ze~e 

Tetrsmetnylbenzene 

Durene 

Pen:amelhylkenzene 
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