
TECHNICAL EXCHANGE 

AND 

COOPERATIVE ARRANGEMENT 

BETWEEN 

THE UNITED STATES ATOMIC ENERGY COMMISSION 

AND 

THE FEDERAL MINISTRY FOR RESEARCH AND TECHNOLOGY 

OF  THE FEDERAL REPUBLIC OF  GERMANY 

I N  THE F I E L D  OF MANAGEMENT O F  RADIOACTIVE WASTES 



The Uni ted  S t a t e s  Atomic Energy Commission (AEC) and t h e  Federa l  

M i n i s t r y  f o r  Research and Technology (FMRT) o f  t h e  Federa l  

Republ ic  of  Germany, hav ing  a  mutual i n t e r e s t  i n  c o o p e r a t i o n  i n  

t h e  f i e l d  of  management of  r a d i o a c t i v e  w a s t e s  hereby a g r e e  a s  

fo l lows  : 

A r t i c l e  1 

The s u b j e c t s  o f  c o o p e r a t i o n  a r e  d e f i n e d  i n  Appendix "A", 

and can be modi f i ed  o r  expanded,  a s  may be mutua l ly  ag reed .  

A r t i c l e  2 

Both P a r t i e s  w i l l  make a v a i l a b l e  t o  each o t h e r  i n f o r m a t i o n  i n  

t h e  f i e l d  of  r a d i o a c t i v e  waste  management which t h e y  have 

t h e  r i g h t  t o  d i s c l o s e ,  e i t h e r  i n  t h e i r  p o s s e s s i o n  o r  

a v a i l a b l e  t o  them, from t h e  t e c h n i c a l  a r e a s  d e s c r i b e d  i n  

Appendix "A". 

A r t i c l e  3 

The i n f o r m a t i o n  exchange w i l l  be r e c i p r o c a l  (ba lanced)  

and w i l l  be i n  t h e  form of  t e c h n i c a l  r e p o r t s ,  exper- imenta l  

d a t a ,  co r respondence ,  v i s i t s ,  j o i n t  e x p e r t s  m e e t i n g s ,  and 

such o t h e r  means a s  t h e  P a r t i e s  a g r e e .  

A r t i c l e  4 

The e x e c u t i o n  o f  j o i n t  programs and p r o j e c t s ,  o r  t h o s e  

programs and p r o j e c t s  under  which a c t i v i t i e s  a r e  d i v i d e d  

between both  P a r t i e s ,  i n c l u d i n g  t h 2  u s e  o f  t e s t  

f a c i l i t i e s  and/or  computer programs owned by e i t h e r  

P a r t y ,  w i l l  be ag reed  upon on a  c a s e - b y - c a s e  b a s i s .  Long- 

term ass ignments  of p e r s o n n e l  can be accomodated on t h e  

same bas i s .  



A r t i c l e  5 

I n  g e n e r a l ,  i n f o r m a t i o n  r e c e i v e d  p u r s u a n t  t o  t h i s  

Arrangement may be d i s s e m i n a t e d  f r e e l y  i n  t h e  c o u n t r y  

of  t h e  r e c i p i e n t .  However, p r i v i l e g e d  ( p r i v a t e ,  

p r o p r i e t a r y ,  company c o n f i d e n t i a l )  i n f o r m a t i o n  r e c e i v e d  

by e i t h e r  P a r t y  under  t h i s  Arrangement and b e a r i n g  a  

r e s t r i c t i v e  d e s i g n a t i o n  may n o t ,  e x c e p t  a s  may be 

r e q u i r e d  by t h e  laws o f  t h e  r e s p e c t i v e  P a r t y ,  be 

p u b l i c l y  d i s s e m i n a t e d  by t h e  r e c e i v i n g  P a r t y  w i t h o u t  

t h e  p r i o r  w r i t t e n  consen t  o f  t h e  t r a n s m i t t i n g  P a r t y ,  

b u t  such  i n f o r m a t i o n  may be d i s s e m i n a t e d  a s  f o l l o w s :  

( a )  t o  p e r s o n s  w i t h i n  o r  employed d i r e c t l y  by t h e  

r e c i p i e n t ,  and t o  o t h e r  concerned government 

a g e n c i e s  ; 

(b) t o  pr ime o r  s u b - c o n t r a c t o r s  of  t h e  r e c i p i e n t  

P a r t y  f o r  u s e  o n l y  w i t h i n  t h e  framework o f  i t s  

c o n t r a c t ( s )  w i t h  t h e  r e s p e c t i v e  P a r t i e s  engaged 

i n  work r e l a t i n g  t o  t h e  s u b j e c t  m a t t e r  of t h e  

i n f o r m a t i o n  s o  d i s s e m i n a t e d ;  

p rov ided  t h a t  p r i v i l e g e d  i n f o r m a t i o n  d i s s e m i n a t e d  t o  any 

pe r son  under  subparagraphs  ( a )  and (b) above b e a r  

t h e  marking "Not f o r  d i s s e m i n a t i o n  o u t s i d e  r e c i p i e n t ' s  

o r g a n i z a t i o n  w i t h o u t  p r i o r  w r i t t e n  a p p r o v a l  of  t h e  

(AEC o r  FMRT)". Each P a r t y  w i l l  

u s e  i t s  b e s t  e f f o r t s  t o  e n s u r e  t h a t  t h e  d i s s e m i n a t i o n  o f  

p r i v i l e g e d  i n f o r m a t i o n  r e c e i v e d  under  t h i s  Arrangement 

i s  c o n t r o l l e d  a s  p r e s c r i b e d  h e r e i n .  

A r t i c l e  6 

The i n f o r m a t i o n  exchanged under  t h i s  Arrangement s h a l l  

be s u b j e c t  t o  t h e  p a t e n t  p r o v i s i o n s  i n  t h e  P a t e n t  

Addendum t o  t h i s  document. 



A r t i c l e  7 

A c o o r d i n a t o r  w i l l  be d e s i g n a t e d  by each  P a r t y ,  who w i l l  

develop  and c o n t r o l  t h e  a r rangements  and p r o c e d u r e s  f o r  

implementing t h e  c o o p e r a t i o n ,  i n  p a r t i c u l a r  t h e  

e f f e c t i v e  exchange of  i n f o r m a t i o n  under  t h i s  Arrangement.  

Approximately a n n u a l l y ,  t h e  c o o r d i n a t o r s  w i l l  o r g a n i z e  

j o i n t  working s e s s i o n s  a t  which t h e  ach ievements ,  

problems,  e f f e c t i v e n e s s ,  f u t u r e  programs,  e t c .  , w i l l  be 

d i s c u s s e d  w i t h  t h e  o b j e c t i v e  o f  improving t h e  c o o p e r a t i o n .  

A r t i c l e  8 

The a p p l i c a t i o n  o r  u s e  of any i n f o r m a t i o n  exchanged o r  

t r a n s f e r r e d  between t h e  P a r t i e s  under  t h i s  Arrangement 

s h a l l  be t h e  r e s p o n s i b i l i t y  of  t h e  P a r t y  r e c e i v i n g  i t ,  

and t h e  t r a n s m i t t i n g  P a r t y  does n o t  w a r r a n t  t h e  s u i t a b i l i t y  

o f  such  i n f o r m a t i o n  f o r  any p a r t i c u l a r  u s e  o r  a p p l i c a t i o n .  

A r t i c l e  9 

Each P a r t y  w i l l  be p r e p a r e d  t o  t h e  b e s t  o f  i t s  a b i l i t y ,  

upon s p e c i f i c  r e q u e s t ,  t o  a d v i s e  t h e  o t h e r  on p a r t i c u l a r  

q u e s t i o n s  i n v o l v i n g  t h e  t o p i c s  o f  t h i s  Arrangement.  

A r t i c l e  10  

I t  i s  t h e  i n t e n t  o f  b o t h  P a r t i e s  t o  a s s u r e  t h a t  a  

r e a s o n a b l y  b a l a n c e d  exchange i s  a c h i e v e d  and main ta ined .  

A r t i c l e  11 

I t  i s  u n d e r s t o o d  t h a t  t h e  a b i l i t y  o f  t h e  P a r t i e s  t o  c a r r y  

out  t h e i r  o b l i g a t i o n s  i s  s u b j e c t  t o  t h e  a v a i l a b i l i t y  of  

a p p r o p r i a t e d  f u n d s .  



A r t i c l e  1 2  

No p r o v i s i o n  has  been made f o r  r e c i p r o c a l  c o s t  reimbursement 

between t h e  P a r t i e s .  Both p a r t i e s  s h a l l  b e a r  t h e  c o s t s  

i n c u r r e d  i n  t h e i r  a r e a  o f  competence,  i n c l u d i n g  t r a v e l  

expenses  and s u b s i s t e n c e  a l lowances  f o r  t h e i r  s t a f f  members 

and t r a n s p o r t  c o s t s  f o r  a p p a r a t u s e s  and o t h e r  equipment 

t r a n s p o r t e d  under  t h e  c o o p e r a t i o n  program i n t o  t h e  t e r r i t o r y  

of  t h e  o t h e r  P a r t y  i n  e a c h  c a s e .  

A r t i c l e  1 3  

This  Arrangement s h a l l  a l s o  a p p l y  t o  Land B e r l i n ,  p r o v i d e d  

t h a t  t h e  Government of  t h e  F e d e r a l  Republ ic  of  Germany has 

n o t  made a  c o n t r a r y  d e c l a r a t i o n  t o  t h e  Government o f  t h e  

Uni ted  S t a t e s  o f  America w i t h i n  t h r e e  months from t h e  d a t e  

of  e n t r y  i n t o  f o r c e  of  t h i s  Arrangement .  

A r t i c l e  14 

This  Arrangement s h a l l  remain i n  o p e r a t i o n  f o r  f i v e  ( 5 )  

y e a r s  a f t e r  i t s  e f f e c t i v e  d a t e  and may be ex tended  by mutual  

agreement .  However, t h e  Arrangement may be t e r m i n a t e d  a t  

any t i m e ,  a t  t h e  d i s c r e t i o n  of  e i t h e r  P a r t y ,  upon s i x  months'  

advance w r i t t e n  n o t i f i c a t i o n  by t h e  P a r t y  s e e k i n g  t o  

t e r m i n a t e ,  t o  t h e  o t h e r  P a r t y .  

A r t i c l e  1 5  

'l 

This  Arrangement s h a l l  e n t e r  i n t o  f o r c e  on t h e  d a t e  of  

s i g n a t u r e  . 

Done a t  Bonn i n  d u p l i c a t e  i n  t h e  E n g l i s h  and 

German l a n g u a g e s ,  each  e q u a l l y  a u t h e n t i c ,  t h i s  

t w e n t i e t h  day o f  December, 1974 

FOR THE UNITED STATES ATOMIC THE FEDERAL MINISTER FOR 

RESEARCH AND TECHNOLOGY OF THE 
, 

FEDERAL REPUBLIC OF GERMANY 



PATENT ADDENDUM 

A. With r e s p e c t  t o  any i n v e n t i o n  o r  d i s c o v e r y  made o r  

conceived d u r i n g  t h e  p e r i o d  o f ,  and i n  t h e  c o u r s e  o f  

o r  u n d e r ,  t h i s  t e c h n i c a l  exchange and c o o p e r a t i v e  

Arrangement on r a d i o a c t i v e  was te  management between 

t h e  Uni ted  S t a t e s  Atomic Energy Commission (AEC) and 

t h e  Federa l  M i n i s t r y  f o r  Research and Technology 

(FMRT) of t h e  F e d e r a l  Republ ic  o f  Germany: 

(1) I f  made o r  conceived by p e r s o n n e l  of  one P a r t y  

( t h e  a s s i g n i n g  P a r t y )  o r  i t s  c o n t r a c t o r s  w h i l e  

a s s i g n e d  t o  t h e  o t h e r  P a r t y  ( r e c i p i e n t  P a r t y )  

o r  i t s  c o n t r a c t o r s :  

( a )  The r e c i p i e n t  P a r t y  s h a l l  a c q u i r e  a l l  r i g h t ,  

t i t l e , a n d  i n t e r e s t  i n  and t o  any such 

i n v e n t i o n ,  d i s c o v e r y ,  p a t e n t  a p p l i c a t i o n  o r  

p a t e n t  i n  i t s  own c o u n t r y  and i n  t h i r d  

c o u n t r i e s ,  s u b j e c t  t o  a  n o n - e x c l u s i v e ,  

i r r e v o c a b l e ,  r o y a l t y - f r e e  l i c e n s e  t o  t h e  

a s s i g n i n g  P a r t y ,  w i t h  t h e  r i g h t  t o  g r a n t  

s u b l i c e n s e s ,  under  any such i n v e n t i o n ,  

d i s c o v e r y ,  p a t e n t  a p p l i c a t i o n  o r  p a t e n t  f o r  

u s e  i n  t h e  p r o d u c t i o n  o r  u t i l i z a t i o n  o f  s p e c i a l  

n u c l e a r  m a t e r i a l  o r  a tomic  e n e r g y ;  and 

The a s s i g n i n g  P a r t y  s h a l l  a c q u i r e  a l l  r i g h t ,  

t i t l e ,  and i n t e r e s t  i n  and t o  any such 

i n v e n t i o n ,  d i s c o v e r y ,  p a t e n t  a p p l i c a t i o n ,  o r  

p a t e n t  i n  i t s  own c o u n t r y ,  s u b j e c t  t o  a  

n o n - e x c l u s i v e ,  i r r e v o c a b l e ,  r o y a l t y - f r e e  l i c e n s e  

t o  t h e  r e c i p i e n t  P a r t y ,  w i t h  t h e  r i g h t  t o  g r a n t  

s u b l i c e n s e s ,  under  any such i n v e n t i o n ,  d i s c o v e r y ,  

p a t e n t  a p p l i c a t i o n  o r  p a t e n t ,  f o r  u s e  i n  t h e  

p r o d u c t i o n  o r  u t i l i z a t i o n  of  s p e c i a l  n u c l e a r  

m a t e r i a l  o r  a tomic  energy: 



( 2 )  I f  made o r  conce ived  whi l e  i n  a t t e n d a n c e  a t  meet ings  o r  I 
when employing i n f o r m a t i o n  which h a s  been communicated 

under  t h i s  exchange Arrangement by one P a r t y  o r  i t s  

c o n t r a c t o r s  t o  t h e  o t h e r  P a r t y  o r  i t s  c o n t r a c t o r s ,  t h e  

P a r t y  making t h e  i n v e n t i o n  s h a l l  a c q u i r e  a l l  r i g h t ,  

t i t l e ,  and i n t e r e s t  i n  and t o  any such  i n v e n t i o n ,  1 
! 

d i s c o v e r y ,  p a t e n t  a p p l i c a t i o n  o r  p a t e n t  i n  a l l  c o u n t r i e s ,  I 
s u b j e c t  t o  t h e  g r a n t  t o  t h e  o t h e r  P a r t y  o f  a  r o y a l t y -  1 
f r e e ,  n o n e x c l u s i v e ,  i r r e v o c a b l e  l i c e n s e ,  w i t h  t h e  r i g h t  1 
t o  g r a n t  s u b l i c e n s e s ,  i n  and t o  any such  i n v e n t i o n ,  ! 
d i s c o v e r y ,  p a t e n t  a p p l i c a t i o n ,  o r  p a t e n t ,  i n  a l l  

c o u n t r i e s ,  f o r  u s e  i n  t h e  p r o d u c t i o n  o r  u t i l i z a t i o n  of 
I 
1 

s p e c i a l  n u c l e a r  m a t e r i a l  o r  a tomic  ene rgy .  

( 3 )  I t  i s  u n d e r s t o o d  t h a t  a f t e r  t h e  European P a t e n t  
i 
9 
I 

Conventions (Uebereinkommen u e b e r  d i e  E r t e i l u n g  

e u r o p a e i s c h e r  P a t e n t e ,  Uebereinkommen u e b e r  d a s  

e u r o p a e i s c h e  P a t e n t  f u e r  den Gemeinsamen Markt) have 
t come i n t o  f o r c e ,  e i t h e r  P a r t y  may r e q u e s t  a  m o d i f i c a t i o n  

o f  t h i s  p a r a g r a p h  A f o r  t h e  purpose  o f  a c c o r d i n g  

e q u i v a l e n t  r i g h t s  a s  p r o v i d e d  i n  subparagraphs  1 and 2 

above under  t h e  European P a t e n t  Convent ions .  

B .  N e i t h e r  P a r t y  s h a l l  d i s c r i m i n a t e  a g a i n s t  c i t i z e n s  of  t h e  

c o u n t r y  o f  t h e  o t h e r  P a r t y  w i t h  r e s p e c t  t o  g r a n t i n g  any II 
l i c e n s e  o r  s u b l i c e n s e  under  any i n v e n t i o n  p u r s u a n t  t o  

subparagraphs  A(1) and A ( 2 )  above.  I t  i s  u n d e r s t o o d  t h a t  

t h e  l i c e n s i n g  p o l i c i e s  and p r a c t i c e s  of each  P a r t y  can  be 

a f f e c t e d  because  of t h e  r i g h t s  of b o t h  P a r t i e s  t o  g r a n t  

l i c e n s e s  w i t h i n  a  s i n g l e  j u r i s d i c t i o n .  A c c o r d i n g l y ,  each  

P a r t y  may r e q u e s t ,  i n  r e g a r d  t o  a  s i n g l e  i n v e n t i o n  o r  

c l a s s  o f  i n v e n t i o n s ,  t h a t  t h e  P a r t i e s  c o n s u l t  i n  an e f f o r t  

t o  l e s s e n  o r  e l i m i n a t e  any d e t r i m e n t a l  e f f e c t  t h a t  t h e  

p a r a l l e l  l i c e n s i n g  a u t h o r i t i e s  may have on t h e  p o l i c i e s  and 

p r a c t i c e s  o f  t h e  P a r t i e s .  



C .  Each P a r t y  waives  any and a l l  c l a i m s  a g a i n s t  t h e  o t h e r  

P a r t y  f o r  compensa t ion ,  r o y a l t y  o r  award a s  r e g a r d s  any 

i n v e n t i o n s  o r  d i s c o v e r y ,  p a t e n t  a p p l i c a t i o n ,  o r  p a t e n t ,  

made o r  conce ived  under  t h i s  Arrangement ,  and r e l e a s e s  

t h e  o t h e r  P a r t y  w i t h  r e s p e c t  t o  any and a l l  such  c l a i m s ,  

i n c l u d i n g  any c l a i m s  under  t h e  p r o v i s i o n s  o f  t h e  Uni t ed  

S t a t e s  Atomic Energy Act o f  1 9 5 4 ,  a s  amended, and t h e  

German Employees'  I n v e n t i o n s  Law ( A r b e i t n e h m e r e r f i n d e r g e s e t z )  

o f  J u l y  1957 (BGB1.1957, P a r t  I ,  page 756) a s  amended, 

and t h e  FMRT assumes t h e  o b l i g a t i o n  under  t h e  s a i d  German 

law f o r  u s e  o f  p a t e n t s  by o r  on b e h a l f  o f  t h e  AEC. 



APPEND1 X "A" 

T e c h n i c a l  Scope 

AEC-FMRT Rad ioac t ive  Waste Management Exchange * 

Disposa l  of  r a d i o a c t i v e  was te  i n  s a l t  d e p o s i t s  

a .  F a c i l i t y  d e s i g n  and o p e r a t i o n ,  i n c l u d i n g  d a t a  on 

c o n t a m i n a t i o n  of s a l t  

b.  Heat g e n e r a t i o n  and d i s s i p a t i o n  

c .  Rock mechanics s t u d i e s  

d .  S a f e t y  c o n s i d e r a t i o n s  and c l e a n l i n e s s  s t a n d a r d s  f o r  c a s k s  

e .  Geology and hydrology 

Waste p r o d u c t  c r i t e r i a  

g .  S i t e  c r i t e r i a  

h .  Cost e v a l u a t i o n  

i. Records o f  r e p o s i t o r i e s  

j .  Risk a n a l y s i s  

Moni to r ing  and c o n t r o l  

1. P u b l i c  i n f o r m a t i o n  and r e l a t i o n s  

* I n i t i a l l y ,  t h e  f a c i l i t i e s  i n v o l v e d  i n  t h i s  exchange on t h e  
AEC s i d e  w i l l  be Oak Ridge N a t i o n a l  Labora to ry  (ORNL), Los 
Alamos S c i e n t i f i c  Labora to ry  (LASL) , Argonne N a t i o n a l  
Labora to ry  ( A N L ) ,  A t l a n t i c  R i c h f i e l d  Hanford Co. (ARHCO) , 
B a t t e l l e  Memorial I n s t i t u t e / P a c i f i c  Northwest Labora to ry  (BNWL) 
and t h e  was te  management f a c i l i t i e s  a t  t h e  Idaho N a t i o n a l  
Eng inee r ing  L a b o r a t o r y  (INEL), and t h o s e  on t h e  FMRT s i d e  
w i l l  be G e s e l l s c h a f t  f u e r  Kernforschung m.b.H (GfK), 
G e s e l l s c h a f t  f u e r  S t r a h l e n -  und Umweltforschung m .  b.H (GSF) , 
Kernforschungsanlage  J u e l i c h  G . m .  b  . H .  (KFA) and 
7 1, - . r . - . .  r T r 7 .  .. n 1 7 I I I 1 I T X  





r 

1 6.  T r a n s p o r t a t i o n  o f  r a d i o a c t i v e  was te  1 
a .  Development o f  a  t r a n s p o r t a t i o n  h a n d l i n g  and s h i p p i n g  

sys tem f o r  l o w - l e v e l  was te  I b .  Design and a p p r o v a l  o f  a  h i g h - l e v e l  was te  s h i p p i n g  

1 package concep t  

c .  Waste packag ing  t echno logy  

I 
1 

d.  S a f e t y  e v a l u a t i o n  t e c h n i q u e s  f o r  was te  packaging and 

t r a n s p o r t  s y s t e m s ,  i n c l u d i n g  a  q u a n t i f i c a t i o n  o f  r i s k .  

I 
I 

1 
! I 
I 
1 
i 
I 
I 
B 

i 

I 



ANNEX 1 

TECHNICAL PROGRAM 

FOR 

100 BPD DEMONSTRATION PLANT 

I .  Summary 

11. I n t r o d u c t i o n  

111. 4 BPD F l u i d  Bed P i l o t  P l a n t  

I V .  Demonstration P l a n t  Program 

A. O b j e c t i v e s  

B.  Techn ica l  Program 

1 .  Design and Cons t ruc t ion  o f  Demonstration P l a n t  

2 .  Cold Flow Model Study 

3 .  Demonstration P l a n t  Operat ion 

4 .  Eva lua t ion  of R e s u l t s  and Product  T e s t i n g  

5 .  Design Study f o r  a  Commercial P l a n t  

C .  Schedule 

Table  

Table  

F igure  

F igure  

F igure  

F igure  

F igure  

Table  

Table  

Yie lds  from Methanol 

T y p i c a l  P r o p e r t i e s  of f i n i s h e d  Gasol ine  

Manufacture o f  Gasol ine  from Coal 

4 BPD F l u i d  Bed P i l o t  Vni t  

S i m p l i f i e d  Flow Diagram of F l u i d  Bed Methanol Conversion 

P i l o t  P l a n t  

F lu id .Bed  Reactor  Temperature P r o f i l e  

P re l iminary  F l u i d  Bed 100 BPD Flow Diagram 

Cost  Es t ima te  

Est imated C o s t - D i s t r i b u t i o n  and Schedule of Expendi ture  



I. Summary 

The Mobil Methanol to Gasoline Process offers a direct route for 
the conversion of coal to high octane gasoline. The gasification 
of coal and the conversion of synthesis gas to methanol are commer- 
cially proven technologies. The Mobil process is now ready for 
scale-up to a demonstration plant, and no major problems are fore- 
seen. Thus, this coal conversion route to gasoline is potentially 
capable of earlier commercialization than other coal liquefaction 
processes under development. 

The feasibility of the fluid bed process for the conversion of 
methanol to gasoline has been demonstrated in a 4 barrel-per-day 
(BPD) fluid bed pilot plant. Gasoline yields of 88 wt % were 
achieved during 5 months of successful operation. Complete methanol 
conversion was obtained at design conditions, and catalyst stability 
and regenerability were confirmed. The results have provided a 
design basis for a 100 BPD fluid bed demonstration plant, which is 
the next logical step in the scale-up of this process. 

A program to design, build, and operate a 100 BPD demonstration 
plant for the conversion of methanol to high octane gasoline has 
been formulated. The primary objective is to demonstrate the scale- 
up of the reactor design. The use of heat exchange pipes for heat 
removal will be tested, and the effects of reactor diameter and 
baffles on the fluid bed efficiency will be determined. The feasi- 
bility of continuous regeneration and steady-state operation with 
constant catalyst activity will also be demonstrated. During this 
study the fluid bed process will be optimized, and the results will 
provide a sound basis for the design of a commercial size plant 
for the conversion of methanol to high octane gasoline. 

11. Introduction 

The Mobil Methanol to Gasoline Process provides a unique route to 
high octane gasoline from coal. It has an excellent thermal effi- 
ciency, lower capital requirements, and superior product selectivity 
compared to the Fischer-Tropsch process, the only coal-to-gasoline 
technology practiced commercially. 

This process is based on catalyst invented and developed by Mobil 
during the past decade. Methanol is dehydrated to dimethylether 
which in turn is converted to high octane hydrocarbons. The reactions 
can be illustrated schematically as follows: 

2 CH30H CH30CH3 -0lefins - High Octane Gasoline 
The gasoline consists primarily of paraffins (branched and cyclic) 
and aromatics with small amounts of olefins. 



The manufacture of gasoline from coal with the Mobil process is shown 
conceptually in Figure 1. Synthesis gas is produced by the gasification 
of coal, and is then converted to methanol. The crude methanol is used 
as the feedstock for the Mobil process. Both the coal gasification and 
conversion of synthesis gas to methanol are proven commercial techno- 
logy, and represent the major investment cost of this coal-to-gasoline 
process scheme. 

Process development studies of the conversion of methanol to high 
octane gasoline were conducted during 1975-76 under DOE contract E 
(49-18)-1773 which was jointly funded by DOE and Mobil. Long-term 
aging tests of over 200 and 60 days were achieved in bench-scale fixed 
and fluid bed units, respectively. In addition to the long-term aging 
tests, optimum process conditions were defined, and the quality of the 
product gasoline was verified. Due to the high exothermicity of the con- 
version of methanol to gasoline, two reactors are used in the fixed 
bed process. Methanol is dehydrated in the first reactor to an equi- 
librium mixture of methanol and dimethylether which is converted to 
high octane gasoline over the Mobil conversion catalyst in the second 
reactor. Only a single reactor is required in the fluid bed process. 

The results from the process development studies identified a number 
of potential advantages of the fluid bed process over the fixed bed 
process. They include: 

Higher gasoline yield 
Steady-state operation 
Easy temperature control 
Smaller recycle ratio 
Lower operation costs 

In view of the advantages of the fluid bed process, a 4 BPD fluid bed 
pilot plant was designed, built, and operated under DOE contract 
EX-76-C-01-2490. As before, it was jointly funded by DOE and Mobil. 
The details and results of this program are described in the next, 
section. 

111. 4 BPD Fluid Bed Pilot Plant 

Work on a 4 BPD fluid bed pilot plant for the conversion of methanol 
to gasoline was started in October 1976. The program included the 
following tasks: 

1. Flow studies in glass model reactors 
2. Design and construction of pilot plant 
3. Evaluation of fluid bed catalyst in bench-scale units 
4. Process studies in pilot plant 
5. Evaluation of product gasoline. 



The f low s t u d i e s  w i t h  non- reac t ing  g a s e s  p rov ided  n e c e s s a r y  informa- 
t i o n  f o r  t h e  d e s i g n  of t h e  p i l o t  p l a n t  r e a c t o r .  The e f f e c t s  o f  g a s  
v e l o c i t y  on bed d e n s i t y ,  e n t r a i n m e n t  r a t e ,  and r e a c t o r  i n v e n t o r y  
were de t e rmined .  

Capac i t ance  probe  t e c h n i q u e s  were developed t o  measure f l u i d i z a t i o n  
q u a l i t y .  The r e s u l t s  of  t h e  f low s t u d i e s  c o n t r i b u t e d  s i g n i f i c a n t l y  
t o  t h e  d e s i g n  o f  e f f i c i e n t  c a t a I y s t  c i r c u l a t i o n  and r e c o v e r y  sys tems 
and f e e d  c o n t r i b u t o r s .  

The c o n s t r u c t i o n  o f  t h e  4  BPD p i l o t  p l a n t  was completed i n  June  1977 
A f t e r  a  2-month p e r i o d  f o r  checkout  and debugging,  methanol  con- 
v e r s i o n  r u n s  were i n i t i a t e d  i n  September 1977. 

The r e a c t o r - r e g e n e r a t o r  sys tem i s  shown i n  F i g u r e  2 .  The 4" I D  x  25 '  
h igh  r e a c t o r  i s  equipped w i t h  c o o l i n g  j a c k e t s  and a c c e s s  p o r t s  f o r  
thermocouple i n s e r t i o n ,  emergency f l o o d i n g  w i t h  N 2 ,  and c a p a c i t a n c e  
probe  i n s e r t i o n .  

S i x  a d i a b a t i c  zone h e a t e r s  m a i n t a i n  a  z e r o  4 T between t h e  h e a t e r s  
and t h e  r e a c t o r  s k i n .  The p r o d u c t  s t r e a m  p a s s e s  i n t o  a  d i s e n g a g e r  
where t h e  e n t r a i n e d  c a t a l y s t  i s  s e p a r a t e d ,  c o l l e c t e d ,  and r e t u r n e d  
t o  t h e  bottom o f  t h e  r e a c t o r  v i a  an e x t e r n a l  c a t a l y s t  r e c i r c u l a t i o n  
l i n e .  F l u i d i z i n g  n i t r o g e n  i s  i n t r o d u c e d  a t  t h e  s l a t i n g  f a c e  on t h e  
c o n i c a l  s e c t i o n  t o  promote c a t a l y s t  movement and r e c i r c u l a t i o n .  

C a t a l y s t  i s  r e g e n e r a t e d  i s o t h e r m a l l y  i n  a  b a t c h  mode a t  a  r a t e  o f  
10% of  t h e  r e a c t o r  c a t a l y s t  i n v e n t o r y  p e r  day.  C a t a l y s t  t r a n s f e r  
between t h e  r e a c t o r  and r e g e n e r a t o r  i s  c o n t r o l l e d  by m a i n t a i n i n g  a  
c o n s t a n t  d i f f e r e n t i a l  p r e s s u r e  between t h e  2  v e s s e l s ,  and a c a l i b r a t  
ed  o r i f i c e  p l a t e .  

A s i m p l i f i e d  f low diagram o f  t h e  comple te  p i l o t  p l a n t  i s  shown i n  
F i g u r e  3 .  Chemical g r a d e  methanol  (99.85% p u r e )  i s  s t o r e d  i n  an 
8,000 g a l l o n  r a i l r o a d  t a n k  c a r  (carbon s tee l )  and pumped i n t o  t h e  
400 g a l l o n  s t a i n l e s s  s teel  t a n k s .  I t  i s  blended w i t h  wa te r  a t  t h i s  
p o i n t  t o  s i m u l a t e  c r u d e  methanol which no rma l ly  c o n t a i n s  5-30 wt % 
of  wa te r .  The methanol  f e e d  i s  g e n e r a l l y  cha rged  t o  t h e  r e a c t o r  a s  
vapor ;  however, t h e  p i l o t  p l a n t  i s  c a p a b l e  o f  co - feed ing  l i q u i d  and 
vapor  methanol s i m u l t a n e o u s l y .  The p r o d u c t  s t r e a m  from t h e  d i s -  
engage r  i s  f i l t e r e d  and passed  th rough  a  t h r e e - s t a g e  condenser .  
The l i g h t  g a s  f o r  r e c y c l e  i s  drawn from t h e  f i r s t  s t a g e .  The e f f l u e n .  
from t h e  t h i r d  s t a q e  i s  s e p a r a t e d  i n t o  g a s ,  hydrocarbon l i q u i d ,  and 
aqueous phase .  

The s t a r t - u p  o f  t h e  p i l o t  p l a n t  was v e r y  smooth, and t a r g e t  ope ra t in1  
c o n d i t i o n s  were r eached  w i t h i n  s e v e r a l  hour s .  About 109 days  o f  
s u c c e s s f u l  o p e r a t i o n  w e r e  a ch ieved  i n  t h e  p i l o t  p l a n t .  

Two long-term e v a l u a t i o n s  w e r e  conducted .  The f i r s t  34-day e v a l u a t i o l  
was fo l lowed by a  schedu led  tu rn -a round ,  and t h e  second e v a l u a t i o n  
l a s t e d  75 days .  E x c e p t i o n a l l y  smooth and c o n t i n u o u s  o p e r a t i o n  was 
ach ieved  d u r i n g  b o t h  e v a l u a t i o n s .  The r ange  o f  o p e r a t i n g  c o n d i t i o n s  
were: 

Tempera ture :  730 t o  800' F  
P r e s s u r e :  20 t o  40 p s i g  
WHSV, MeOH: 0 . 5  t o  1 .5  
Gas Super .  V e l . :  0 .7 t o  1 .8  f t / s e c  
Feed Composit ion:  83 t o  100 w t  % MeOH 

Complete conve r s ion  o f  methanol  was ach ieved  a t  t h e  d e s i g n  cond i -  
t i o n s  f o r  g a s  s u p e r f i c i a l  v e l o c i t i e s  o f  up t o  1 .8  f t / s e c .  Heat 
t r a n s f e r ,  s t a b i l i t y ,  and smoothness of t h e  o p e r a t i o n  were e x c e l l e n t .  



A typical temperature profile in the reactor is shown in Figure 4. 
Despite the highly exothermic nature of the methanol conversion 
and the unusually large aspect ratio (L/D*75) of the reactor, 
a very uniform temperature profile was established. The reactants 
were introduced into the reactor at 300' F. Within a mixing zone 
of about 2 ft, back-mixing and recirculating catalyst provided 
sufficient heat to bring the feed up to the reactor temperature 
(750° F). There was a complete absence of any troublesome "hot spot". 
In addition, the transient temperature profiles of the reactor 
during heat up and cool down were also comparably uniform. 

Typical product yields from the 4 BPD fluidbed pilot plant are 
given in Table 1. As expected, stochiometric amounts of hydrocarbons 
and water are produced. On a hydrocarbon basis, the raw C + gasoline 
fraction is 60 wt %. Alkylation of propene and butenes wizh iso- 
butane increases the total gasoline yield to 88 wt %, which is 
higher than that from the fixed bed process. As shown in Table 2, 
the gasoline quality is very good in terms of octane (96.8 RON clear) 
and distillation range. The durene content is 3.8 wt %,  and would 
not be expected to cause any driveability problems. Previous 
vehicle tests with durene-doped gasoline showed that durene con- 
centrations up to 4 wt % had no significant effects on vehicle per- 
formance. 

In conclusion, the major accomplishments during the operation of 
the 4 BPD fluid bed pilot plant are summarized below: 

- Demonstrated steady state operation with 88.0 wt % C + gasoline 
yield 5 

- Accomplished complete methanol conversion at design conditions 
- Demonstrated excellent operability of fluid bed process 
- Confirmed catalyst stability and regenerability with 22 re- 

generations 
- Further characterized gasoline quality 
- Developed design basis for a 100 BPD fluid bed pilot plant 

IV. Demonstration Plant Program 

A. Objectives 

The broad objective of this program is to scale-up the fluid 
bed Methanol to Gasoline Conversion Process to a 100 BPD de- 
monstration plant. It is the final development step which will 
providethe basis for the design and construction of commercial 
size facilities. 

To accomplish the program objective, a fluid bed demonstration 
plant with a 2' ID x 40' high reactor will be designed and con- 
structed in the Federal Republic of Germany. The plant will be 
operated for a period of about 21 months during which the 
essential scale-up data will be collected and analyzed. The 
gasoline product from the plant will be extensively evaluated, 
including vehicle testing. Based on these results, the design basi 
for a commercial-sized plant will be formulated. 

B. Technical Program 

1. Design and Construction of Demonstration Plant 

A conceptual schematic of the 100 BPD demonstration plant 
is shown in Figure 5. 



The major p rocess  u n i t s  a r e  t h e  r e a c t o r  and t h e  r e g e n e r a t o r .  
The r e a c t o r  w i l l  be approximately 60 cm ( 2 ' )  d iameter  by 12 m 
( 4 0 ' )  h igh  and w i l l  be opera ted  a d i a b a t i c a l l y .  The r e a c t i o n  
h e a t  i s  removed through i n t e r n a l  o r  e x t e r n a l  h e a t  exchange 
tubes .  The t u b e s  w i l l  a l s o  f u n c t i o n  a s  b a f f l e s  t o  break up 
t h e  l a r g e  bubbles  i n  t h e  f l u i d i z e d  bed and reduce bypassing.  
To mainta in  c a t a l y t i c  a c t i v i t y  i n  t h e  bed, a  cont inuous s l i p -  
s t ream of c a t a l y s t  from t h e  r e a c t o r  i s  drawn i n t o  t h e  r e -  
genera to r  where coke i s  burned o f f .  Regenerated c a t a l y s t  i s  
con t inuous ly  r e t u r n e d  t o  t h e  r e a c t o r .  With t h i s  mode of opera- 
t i o n ,  s t e a d y - s t a t e  o p e r a t i o n s  can be achieved and opt imized.  

A f r a c t i o n  of t h e  l i g h t  gas  s t ream w i l l  be recyc led  back t o  
t h e  r e a c t o r .  Previous  s t u d i e s  i n  t h e  4 BPD p i l o t  p l a n t  have 
i n d i c a t e d  improvements i n  g a s o l i n e  y i e l d  by r e c y c l e .  The design 
and c o n s t r u c t i o n  of t h e  100 BPD p i l o t  p l a n t  w i l l  be p r i m a r i l y  
t h e  r e s p o n s i b i l i t y  of Uhde a t  a  s i t e  provided by URBK. Mobil 
w i l l  provide t h e  des ign  b a s i s  t o  Uhde. Mobil and URBK w i l l  con- 
t r i b u t e  t e c h n i c a l  a s s i s t a n c e  a s  needed. 

2. Cold Flow Model Study 

Flow c h a r a c t e r i z a t i o n  s t u d i e s  w i l l  be c a r r i e d  o u t  i n  a  flow 
demonstra t ion u n i t  wi th  non-react ing gases  p r i o r  t o  t h e  f i n a l  
des ign o f  t h e  p i l o t  p l a n t  r e a c t o r .  These s t u d i e s  a r e  r e q u i r e d ,  
because cont inuous r e q e n e r a t i o n  and i n t e r n a l  b a f f l e s  were n o t  
t e s t e d  i n  t h e  4 BPD p i l o t  p l a n t  s tudy .  A "cold"  flow model r e -  
a c t o r  w i l l  be c o n s t r u c t e d  and employed t o  des ign  t h e  b a f f l e  
c o n f i g u r a t i o n  and r e a c t o r / r e g e n e r a t o r  c a t a l y s t  c i r c u l a t i o n  
system. The r e s u l t s  from t h e  flow exper iments  w i l l  a l s o  be used 
t o  des ign  f e e d  d i s t r i b u t o r s  and cyc lones .  Mobil w i l l  conduct 
t h i s  s tudy  a t  Paulsboro,  New J e r s e y .  URBK and UHDE may 
p a r t i c i p a t e  i n  t h i s  e f f o r t .  

3 .  Demonstration P l a n t  Operat ion 

An o p e r a t i n g  pe r iod  o f  about  21 months i s  a n t i c i p a t e d  f o r  t h i s  
program. The main g o a l  w i l l  be t o  o p e r a t e  t h e  demonstra t ion 
p l a n t  a t  s t eady  s t a t e  wi th  v i r t u a l l y  complete methanol con- 
ve rs ion  and cont inuous c a t a l y s t  r eqenera t ion  t o  mainta in  con- 
s t a n t  c a t a l y t i c  a c t i v i t y .  Make-up c a t a l y s t  w i l l  be added a s  
needed. Such o p e r a t i o n  w i l l  provide informat ion on t h e  long- 
term c a t a l y s t  s t a b i l i t y ,  make-up requirements ,  a t t r i t i o n  
c h a r a c t e r i s t i c s ,  and regenera t ion  e f f e c t s .  The concept  of 
i n t e r n a l  h e a t  exchange tubes  i n  d i s s i p a t i n g  r e a c t i o n  h e a t  
and f u n c t i o n i n g  a s  b a f f l e s  w i l l  be thoroughly eva lua ted .  Ex- 
t e r n a l  c o o l i n g  and c a t a l y s t  r e c i r c u l a t i o n  w i l l  be s t u d i e d .  The 
y i e l d  advantages  of l i g h t  gas r e c y c l e  w i l l  a l s o  be i n v e s t i g a t e d .  

The e f f e c t  of r e a c t o r  scale-up on convers ion e f f i c i e n c y  w i l l  be 
determined, and p rocess  v a r i a b l e  s t u d i e s  w i l l  be c a r r i e d  o u t  
f o r  f u r t h e r  p rocess  op t imiza t ion .  

URBK w i l l  have prime r e s p o n s i b i l i t y  f o r  o p e r a t i o n  of t h e  p i l o t  
p l a n t .  Mobil and Uhde w i l l  p a r t i c i p a t e  i n  t h i s  e f f o r t .  

4 .  Evaluat ion of R e s u l t s  and Product T e s t i n q  

Hydrocarbon y i e l d  and s e l e c t i v i t y  d a t a  w i l l  be c o l l e c t e d  a long 
wi th  t h e  corresponding o p e r a t i n g  d a t a .  Methanol w i l l  be de- 
termined by a n a l y s e s  of t h e  aqueous p roduc t s .  The s e n s i t i v i t y  
of g a s o l i n e  y i e l d s  t o  key process  v a r i a b l e s  and feed  composition 
w i l l  be determined. Product q u a l i t y ,  i n  p a r t i c u l a r  durene con- 
c e n t r a t i o n ,  w i l l  be monitored c l o s e l y .  



Finished gasoline will be made by blending purchased alkylate 
with product from the pilot plant. The gasoline product from 
the demonstration plant will be evaluated by Mobil and URBK. 
Gasoline properties such as octane ratings and volatility will 
be determined and compared with the results from the 4 BPD 
pilot plant. 

5. Design Study for a Commercial Plant 

The 100 BPD demonstration plant program is the final scale-up 
step in the orderly development of the fluid bed Methanol 
to Gasoline Conversion Process. The process and engineering 
data from this program will provide a sound design basis for 
a commercial-size plant. An optimal set of operating conditions 
will be selected. A flowsheet for the plant will be generated. 
Major and ancillary process units will be identified and speci- 
fied in terms of design requirements. Heat and material balance 
calculations and catalyst requirements will also be presented. 
Economic scoping of the commercial plant will be made. 

This work will be conducted by Uhde with assistance from Mobil 
and URBK, 

C. Schedule 

Duration for the complete program will be about 5 1/2 years. The 
design and construction of the demonstration plant will take about 
35 months. Shakedown and operation of the plant, along with data 
analyses and reporting, will span the remaining time. It will be 
necessary to complete the "cold" model flow studies as early as 
possible in the contracting period. This will eliminate unnecessary 
delays in finalizing designs for the reactor and regeneratory 
system. 



TABLE 1 

Y I E L D S  F R O M  M E T H A N O L  

Average Bed Temperature,  O F 

P r e s s u r e ,  PSIG 

Space V e l o c i t y  (WHSV) 

Y i e l d s ,  W t  % of Methanol Charge 

Methanol + E t h e r  
Hydrocarbons 
Water 
CO, co 
Coke, 2 o t h e r  

Hydrocarbon Produc t ,  W t  % 

L i g h t  Gas 
Propane 
Propylene  
i-Butane 
n-Butane 
Butenes 
C5+  Gaso l ine  

Gaso l ine  ( i n c l u d i n g  A l k y l a t e )  

(96 R+O,  9  RVP) 88.0 

LP Gas 6.4 

Fue l  Gas 



TABLE 2 

TYPICAL PROPERTIES OF FINISHED GASOLINE 

Components, Wt % 

Butanes 3.2 
Alkylate 28.6 
C + Gasoline 5 

68.2 

100.0 

Composition, Wt % 

Paraffins 56 
Olef ins 7 
Naphthenes 4 
Aromatics 3 3 

100 

Octane Research Motor 

Clear 96.8 87.4 
Leaded ( 3  cc TEL/ 

US Gal) 102.6 95.8 
Reid Vapor Pressure, 

PSIG 9.0 
Specific Gravity 0.730 
Sulfur, Wt % nil 
Nitrogen, Wt % nil 
Durene, Wt % 3.8 
Corrosion, Copper Strip 1 A 

ASTM Distillation, O F 
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COST ESTIMATE 

On a preliminary basis the total cost of the facility and program 
has been estimated to be approximately: 

DM 49,000,000 
or $ 27,222,000 based on the current exchange rate of 

1 DM = $ 0.555 
or 1 $ = D M  1.80 

The total cost covers the program period of 66 months and is 
divided as follows: 

DM $ 
1. Basic-Engineering 2,175,000 1,208,000 

2. Detail-Engineering 5,825,000 3,236,000 

3. Plant-Investcosts 24,290,000 13,494,000 
incl. Engineering, Construction, 
Start-up, Plantsite-preparation, 
Plant-Dismantling 

4. Operation Concept 1 6,580,000 3,656,000 
incl. Manpower, Feed, 
Energy and Auxiliaries 

5. Operation Concept 2 4,875,000 2,708,000 

6. Commercial Plant Design, 5,255,000 2,920,000 
Vehicle, Engine Testing, 
Report and Documentation 

49,000,000 27,222,000 

14,000,000 

63,000,000 approximately 

Mobil Catalyst 

TOTAL 

TABLE 3 



TABLE 4 

ESTIMATED COST-DISTRIBUTION AND SCHEDULE OF EXPENDITURE 

(in Thousand DM) 

Basic Engineering 940 1,145 90 

Detail Engineering 575 5,250 

Plant-Investcosts 4,790 15,135 

Operation Concept 1 

Operation Concept 2 

Commercial Plant Design 
and Vehicle Engine 
Testing --- 



A N N E X  2 

In format ion  and I n t e l l e c t u a l  Property 

A. The r e p o r t i n g ,  d i s t r i b u t i o n ,  handling and pro tec t ion  o f  

i n f o r m a t i o n  and i n t e l l e c t u a l  proper ty ,  and r u l e s  and procedures 

r e l a t e d  t h e r e t o  s h a l l  be determined by t h e  S teer ing  Committee t o  

t h e  e x t e n t  no t  covered by t h i s  Annex. 

B. Sub jec t  o n l y  t o  temporary r e s t r i c t i o n s  t o  enable  the  

f i l i n g  o f  patent  a p p l i c a t i o n s  t h e  Contract ing P a r t i e s  s h a l l  have 

t h e  r i g h t  t o  use and publ ish  ( 1 )  a l l  i n format ion  provided t o  

or  a r i s i n g  from t h e  Pro jec t  excep t  propr ie tary  i n f o r m a t i o n ,  

bu t  t h i s  paragraph B s h a l l  no t  grant  any l i c e n s e s  or  o t h e r  

r i g h t s  under any patent  r i g h t s  t o  use such in format ion  

excep t  a s  s p e c i f i c a l l y  d e f i n e d  i n  t h i s  Annex and ( 2 )  a l l  

i n format ion  l i s t e d  i n  Annex 3 .  

C .  For t h e  purposes o f  t h i s  Annex, propr ie tary  in format ion  

s h a l l  mean i n f o r m a t i o n  o f  a  propr ie tary  nature  such as  t rade  

s e c r e t s  and know-how ( f o r  example,  computer programmes, 

des ign  procedures and t e c h n i q u e s ,  chemical composi t ion o f  

m a t e r i a l s ,  o r  manufactur ing methods ,  processes ,  or  t r e a t m e n t )  

which i s  a p p r o p r i a t e l y  marked, provided such in format ion  : 

1 .  I s  no t  g e n e r a l l y  known or  p u b l i c l y  a v a i l a b l e  from 

o t h e r  sources ;  

2 .  Has no t  prev ious ly  been made a v a i l a b l e  by t h e  owner 

t o  o t h e r s  w i thou t  o b l i g a t i o n  concerning i t s  c o n f i d e n t i a l i t y ,  and 

3 .  I s  not  a l ready  i n  t h e  possess ion o f  t h e  r e c i p i e n t  

Contract ing P a r t i e s  w i thou t  o b l i g a t i o n  concerning i t s  con£ i- 

d e n t i a l i t y .  

D .  Mobil, Uhde, URBK and t h e  Contract ing Par t i e s  s h a l l  

take  a l l  necessary  measures i n  accordance w i t h  t h i s  Annex, t h e  

laws o f  t h e i r  r e s p e c t i v e  c o u n t r i e s  and i n t e r n a t i o n a l  law t o  main- 

t a i n  i n  s t r i c t  c o n f i d e n c e  and t o  prevent unauthorized d i s c l o s u r e  

or  use of propr ie tary  in format ion  provided t o  or  a r i s i n g  from the  

Pro jec t .  



E. BMFT sha l l  take care that  information a r i s ing  from o r  provided t o  

the Project  which qua l i f ies  a s  proprietary information under t h i s  Annex 

w i l l  be identif ied and ensure tha t  it is appropriately marked. Proprietary 

information a r i s ing  from the Project and proprietary information procured 

by BMFT o r  UFZ3K from third par t ies ,  from Uhde or  from UFBK s h a l l  be the 

property of Mobil f o r  the benefit of the Contracting Part ies ,  Mobil, Uhde 

and URBK i n  accordance with and subject  to the licensing requirements and 

other  provisions of t h i s  Annex. Proprietary information sha l l  not t~ 

accepted for  o r  u t i l i zed  in  the Project without obtaining the property and 

l icensing r igh ts  specified in  t h i s  Annex, unless expressly approved by the 

Steering Cormnittee. 

F. 1. Each Contracting Party, Mobil, Uhde and URBK s h a l l  provide to 

the Project  proprietary information solely mned o r  controlled by it o r  

which it  has the authori ty t o  l icense which is useful i n  practicing the 

r e su l t s  of the Project  and sha l l  l icense proprietary infornation it pro- 

vides t o  the Project: 

( a )  t o  BMFT royalty-free fo r  use in the Project; 

( b )  to the United S t a t e s  Government (including its 

contractors)  royalty-free for  use in  research, development 

and demonstration program in  the United S ta tes  in  the 

methanol-to-gasoline f i e l d  except BMET, Uhde or  UREK; 

( c )  t o  each Contracting Party, its government, Mobil, Uhde o r  

URBK and nationals of t he i r  countries designated by the 

Contracting Party for  comnercial use in  the methanol-to- 

gasoline f i e l d  in a l l  countries on reasonable term and 

conditions with exception of licenses from Mobil to Uhde 

o r  URBK. 

2. Mobil sha l l  l icense proprietary infornation ar is ing from the 

project: 

( a )  t o  BMFT royalty-free for  use in  the Project; 

( b )  t o  the United S ta tes  Government (including its 

contractors)  royalty-free for  use in  its research, deve- 

lopment and demonstration program; 

3. It is understood tha t  mthing in  t h i s  Annex sha l l  require b b i l  

t o  provide o r  l icense proprietary information on ca ta lys t  manufacture or  

ca ta lys t  compositions so  long a s  ffobil o r  its a f f i l i a t e s  o r  licensees sha l l  

supply Mobil ca ta lys t  su i tab le  for  the methanol-to-gasoline process i n  suf- 

f i c i en t  quanti ty and on reasonable terms and conditions (including leasing) 

t o  reasonably s a t i s fy  market needs. 



G. Pa ten t s  s o l e l y  mned o r  con t ro l l ed  by a Contract ing Pa r ty  o r  by 

Mobil, Uhde o r  URBK which a r e  needed f o r  t h e  P r o j e c t  s h a l l  be l icensed t o  

BMFT f o r  use i n  the  P ro jec t  only  a t  no c o s t  to the  P ro jec t .  

H. Each Contract ing Pa r ty  and Mobil, Uhde and URBK s h a l l  l i cense  f o r  

use  i n  t h e  f i e l d  of  conversion of  methanol-to-gasoline and on reasonable 

t e r n  and condi t ions  a l l  pa t en t s  s o l e l y  cwned or con t ro l l ed  by it p r i o r  t o  

o r  dur ing t h e  course of t he  P r o j e c t  but  ou t s ide  thereof  which a r e  useful  i n  

p r a c t i c i n g  t h e  r e s u l t s  o f  the  P r o j e c t  and have been u t i l i z e d  i n  the  P ro jec t  

t o  the  o t h e r  o rgan iza t ions  and to the  o t h e r  Contract ing E a r t i e s ,  t h e i r  

Governments and na t iona l s  of  t h e i r  coun t r i e s  des ignated by the  Contract ing 

P a r t i e s ,  f o r  use i n  a l l  coun t r i e s  wi th  except ion o f  l i c e n s e s  from Mobil t o  

Uhde or URBK; provided, however, t h a t  W b i l  s h a l l  not  be required t o  

l i c e n s e  its p a t e n t s  on c a t a l y s t  manufacture o r  c a t a l y s t  compositions so 
long a s  Mobil o r  its a f f i l i a t e s  o r  l i censees  s h a l l  supply Mobil c a t a l y s t  

f o r  t he  methanol-to-gasoline process  i n  s u f f i c i e n t  q u a n t i t i e s  and on reason- 

a b l e  term and condi t ions  ( inc lud ing  l e a s i n g )  t o  reasonably s a t i s f y  market 

needs. 

I. 1. BMFT s h a l l  ensure  t h a t  invent ions  m d e  o r  conceived i n  the  

course  of or under the  P r o j e c t  ( a r i s i n g  invent ions)  a r e  i d e n t i f i e d  promptly 

and repor ted  t o  Mobil and the  S t e e r i n g  C o m i t t e e .  Mobil s h a l l  have the  

f i r s t  op t ion  t o  f i l e  pa t en t  a p p l i c a t i o n s  and any r e s u l t i n g  pa ten t s  a t  its 

p r i v a t e  expense, and such p a t e n t  app l i ca t ions  and pa ten t s  s h a l l  be the  pro- 

p e r t y  o f  Mobil or the  b e n e f i t  of  t he  Contract ing P a r t i e s ,  M b i l ,  Uhde and 

URBK i n  accordance with and s u b j e c t  to the  l i cens ing  requirements and o t h e r  

requirements of t h i s  Annex. 

2. BMFT s h a l l ,  i f  recomnended by t h e  S tee r ing  C o m i t t e e ,  ensure 

t h a t  p a t e n t  app l i ca t ions  a r e  f i l e d  a t  t he  expense of the  P r o j e c t  on inven- 

t i o n s  and i n  coun t r i e s  i n  which m b i l  has not  exerc ised its op t ion  t o  f i l e  

o r  i nd ica t ed  its i n t e n t i o n  t o  f i l e  a p a t e n t  app l i ca t ion  wi thin  seven ( 7 )  
months from the  conception o r  reduct ion to p rac t i ce ,  whichever occurs  

f i r s t ,  of  an invent ion repor ted  to W b i l  o r  indicated its i n t e n t i o n  to f i l e  

w i th in  a reasonable per iod of t i m e .  Any p a t e n t s  s o  obtained s h a l l  be mned 

by BMFT or URBK f o r  the  b e n e f i t  of  t h e  Contract ing P a r t i e s ,  Uhiie and URBK 

and any r i g h t s  t he re in  s h a l l  be a ~ p r t i o n e d  as agreed on by the  S tee r ing  

Comnittee, Uhde and URBK. 

J. Mobil s h a l l  l i c e n s e  any p a t e n t s  obta ined by it on a r i s i n g  inven- 

t i o n s  to:  

1. BMFT royal ty-f ree  f o r  use i n  the  P ro jec t ;  



2. The United S t a t e s  Government ( including its con t rac to r s )  

royal ty-f ree  f o r  use i n  its research,  developnent and demonstration 

programs, and 

3 .  Each Contract ing Par ty ,  its Government and na t iona l s  of its 

country des ignated by t h e  Contract ing Pa r ty  f o r  c o m r c i a l  use i n  a l l  

c o u n t r i e s  on reasonable terms and condi t ions  provided, however, t h a t  Mobil 

s h a l l  not  be required t o  l i c e n s e  any Fa ten t s  r e l a t i n g  t o  c a t a l y s t  m u f a c -  

t u r e  o r  c a t a l y s t  compositions s o  long a s  Mobil o r  its a f f i l i a t e s  o r  l icen-  

s e e s  s h a l l  supply Mobil c a t a l y s t  f o r  t h e  methanol-to-gasoline process i n  

s u f f i c i e n t  q u a n t i t i e s  and on reasonable terms and condi t ions  ( including 

l e a s i n g )  t o  reasonably s a t i s f y  market needs. 

K. 1. Mobil s h a l l  g r a n t  Uhde a royal ty-f ree  l i c e n s e  under t h e  

p r o p r i e t a r y  information of m b i l  which a r i s e s  from and under the  P r o j e c t  o r  

which is use fu l  i n  p r a c t i c i n g  t h e  r e s u l t s  o f  t h e  P r o j e c t  and under the  

p a t e n t  r i g h t s  of  Mobil, t o  des ign and engineer  p l a n t s  f o r  t h e  Conversion of 

methanol- tocasol ine  wi th  the  assurance t h a t  Mobil w i l l  o f f e r  t o  the  owners 

o f  such p l a n t s ,  a t  Uhde's request ,  and on reasonable terms and condi t ions  a 

nonexclusive l i c e n s e  under t h e  a fo resa id  p ropr i e t a ry  information and pa ten t  

r i g h t s  of  Mobil t o  t h e  ex ten t  necessary f o r  t h e  opera t ion of  such p lan t s .  

2. Mobil a l s o  s h a l l  reimburse Uhde i n  t h e  amount of two and one- 

h a l f  ( 2  1/2) t imes t h e  t o t a l  mneys  contr ibuted by Uhde under t h i s  

Agreement. Such reimbursement s h a l l  be a v a i l a b l e  a s  accrued from 25% o f  

t h e  process  r o y a l t i e s  received by Mobil f o r  l i c e n s e s  and r i g h t s  granted 

t h i r d  p a r t i e s  f o r  the M e t h a n o l - t d a s o l i n e  Process.  

3 .  F u r t h e m r e ,  Uhde w i l l  r ece ive  a roya l ty  sha re  of one t h i r d  of 

0.1X of  t h e  process  r o y a l t i e s  ( a s  def ined i n  the  follcwing sentence which 

Mobil r ece ives  from t h i r d  p a r t i e s  f o r  g r a n t s  t o  them by Mobil f o r  t he  o p r a -  

t i o n  of  t h e  Methanol-to-Gasoline Process  under a r i s i n g  invent ions  and 

a r i s i n g  p r o p r i e t a r y  information except  t h a t  Uhde s h a l l  receive  no roya l ty  

sha re  on r o y a l t i e s  which W b i l  r ece ives  f o r  t h e  opera t ion of the  Methanol- 

to-Gasol ine  Process  i n  the  t e r r i t o r i e s  of  t he  United S t a t e s ,  New Zealand, 

and South Af r i ca ,  and only 50% of  t h e  above descr ibed roya l ty  sha re  f o r  

ope ra t ions  wi th in  Aus t r a l i a .  For t h e  purpose of  computing such r o y a l t i e s  

received by Mobil, i f  it is assumed t h a t  "X" is t h e  roya l ty  f o r  l i c e n s e s  

under Mobil p a t e n t  r i g h t s  and t echn ica l  information which does not  include 

r i g h t s  under a r i s i n g  invent ions  and a r i s i n g  p ropr i e t a ry  information, then 

l i c e n s e s  to t h i r d  p a r t i e s  which include r i g h t s  under a r i s i n g  invent ions  and 

a r i s i n g  p ropr i e t a ry  information s h a l l  be deemed to be "l.lX1'. 



4 .  It is understood t h a t  Mobil w i l l  use a l l  reasonable e f f o r t s  t o  

mainta in  t h e  sepa ra t e  i d e n t i t y  of  a r i s i n g  invent ions  and the  p ropr i e t a ry  

information a r i s i n g  from the  P r o j e c t  and w i l l  not  au thor i ze  t h i r d  persons 

t o  use such a r i s i n g  p ropr i e t a ry  information and a r i s i n g  inventions m e r -  

c i a l l y  wi thout  extending t o  such t h i r d  persons a l i c e n s e  f o r  such use and 

paying Uhde t h e  roya l ty  sha re  of one-third of 0.1X s p e c i f i e d  above on the  

process  r o y a l t i e s  received by Mobil f o r  such l icence .  

5. Mobil s h a l l  g r a n t  URBK a l i cense ,  on reasonable t e r n  and con- 

d i t i o n s ,  under t h e  p ropr i e t a ry  information of b b i l  which a r i s e s  from and 

under t h e  P r o j e c t  o r  which is use fu l  i n  p r a c t i c i n g  the  r e s u l t s  of  t he  

P r o j e c t  and under pa ten t  r i g h t s  of  Mobil which a r e  use fu l  i n  p rac t i c ing  the  

r e s u l t s  of  t h e  P r o j e c t  f o r  use i n  a l l  countr ies .  Such l i c e n s e  s h a l l  be 

royal ty-f ree  f o r  t h e  production of  up t o  one mi l l i on  metric tons  per year  

o f  gaso l ine  from methanol i n  t h e  Federal  Republic of G e m n y .  F u r t h e m r e  

URBK w i l l  r ece ive  a roya l ty  sha re  of  one-third of 0.1X of  the  process 

r o y a l t i e s  a s  def ined i n  paragraph K. 3. above f o r  Uhde. 

L. Pa ten t s  a ined o r  con t ro l l ed  by p a r t i e s  o t h e r  than t h e  Contracting 

P a r t i e s ,  Mobil, Uhde and URBK, may be procured by o r  l icensed t o  BMFT t o  

URBK only  wi th  t h e  express approval of and unaer t h e  t e r n  and condi t ions  

s t i p u l a t e d  by t h e  S tee r ing  Committee. 

M. Information regarding invent ions  on which pa ten t  p ro tec t ion  is to 

be obta ined s h a l l  not be published o r  pub l i c ly  d i sc losed  by Contracting 

P a r t i e s ,  Mobil, Uhde, o r  URBK, s o  long a s  such information q u a l i f i e s  a s  

p r o p r i e t a r y  information a s  def ined i n  paragraph C. of  this Annex 2 and is 

n o t  l i s t e d  i n  Annex 3, but  t h e  temporary r e s t r i c t i o n s  of  paragraph B. s h a l l  

apply  i n  any case.  BMFT s h a l l  take  c a r e  t h a t  P r o j e c t  r e p o r t s  which 

d i s c l o s e  such invent ions  a r e  appropr i a t e ly  marked. 

N. BMFT s h a l l  take  appropr i a t e  measures necessary t o  p r o t e c t  

copyr ightable  ma te r i a l  generated under t h e  P ro jec t .  Copyrights obtained 

s h a l l  be t h e  proper ty  of  BMFT o r  URBK f o r  t h e  b e n e f i t  of t he  Contracting 

P a r t i e s ,  Uhde, URBK and Mobil, provided, however, t h a t  t h e  Contracting 

P a r t i e s ,  t h e i r  Governments, Uhde, URBK and Mobil, s h a l l  r e t a i n  a royalty- 

f r e e ,  i r revocable ,  nonexclusive l i c e n s e  under any such copyright t o  repro- 

duce, d i s t r i b u t e ,  and publ ish  such mater ia l .  

0.  Each Contracting Pa r ty ,  Mobil, Uhde and URBK, w i l l ,  without preju- 

d i c e  t o  any r i g h t s  of inventors  o r  au thor s  under its na t iona l  laws, take  

a l l  necessary s t e p s  t o  provide  t h e  cooperation from its authors  and inven- 
t o r s  required to carry o u t  t h e  provis ions  of t h i s  Annex. Each Contracting 

Par ty ,  Mobil, Uhde and URBK, w i l l  assume t h e  r e s p o n s i b i l i t y  t o  pay awards o r  

compensation required to be pa id  t a o  its employees according t o  the  laws Of 

its country.  



P. Mobil s h a l l  reimburse t h e  U.S. Government i n  t h e  a m u n t  of 200% of  

t h e  t o t a l  moneys contr ibuted by t h e  U.S. G o v e r m n t  t o  t h e  Project .  

Suuch reimbursement s h a l l  be made o u t  of  t h e  t o t a l  process royal i -  

t i e s  t h a t  Mobil a c t u a l l y  receives  from t h i r d  persons f o r  l i c e n s e s  o r  g ran t s  

o f  inanunity under p ropr i e t a ry  information o r  pa t en t  r i g h t s  f o r  p rac t a i ce  of 

t h e  Methanol- to4asol ine  Process  i n  t h e  United S t a t e s ,  but  excluding any 

c a t a l y s t  use charges or r o y a l i t i e s  received f o r  c a t a l y s t  use o r  mnufac- 

t u r e .  The reimbursement s h a l l  be made i n  the  fo l lcwing manner: 

1. The f i r s t  100% reimbursement t o  t h e  U.S. Government s h a l l  be 

pa id  a s  accrued o u t  of twenty percent  (20%) of  t h e  above process  r o y a l i t i e s  

a c t u a l l y  received by Mobil. 

2. The second 100% s h a l l  be paid  a s  accrued ou t  of t en  percent  

(10%) of  t h e  above process  r o y a l i t i e s  a c t u a l l y  received by Mobil. 

3.  Mobil s h a l l  l i c e n s e  t h e  Methanol- to4asol ine  Process  a s  pro- 

vided i n  t h i s  Annex. Any loss of roya l ty  i n  responding t o  process  guaran- 

t e e s  ( exc lus ive  of l i a b i l i t e s  under Mobil 's  con t rac t s  f o r  c a t a l y s t  supply 

o r  engineer ing)  and pa ten t  indemnif ica t ions  i n  connection wi th  such 

l i c e n s i n g  i n  t h e  United S t a t e s  s h a l l  be shared by t h e  United S t a t e s  

Government i n  proporat ion to and o u t  of  its roya l ty  sha re  o r  reimbursement 

from Mobil. I n  corrputing process r o y a l t i e s  a c t u a l l y  received by Mobil, 

Mobil may deduct from r o y a l t i e s  a c t u a l l y  received reasonable l i cens ing  

expenses a s soc ia t ed  wi th  f inding,  nego i t a t ion  and adminis t ra t ion of such 

l i c e n s e s  i n  accordance with Mobil's s tandard reasonable p rac t i ces .  

Q. BMFT s h a l l  s ecu re  t h e  agreement of  a l l  organizat ions  p a r t i c i p a t i n g  

i n  t h e  P r o j e c t  to t h e  terms of  t h i s  Annex. BMFT w i l l  t r a n s f e r  its r i g h t s  

i n  p ropr i e t a ry  information and pa ten t s  l i censed  t o  it by DOE, m b i l ,  Uhde 

o r  URBK f o r  use  i n  t h e  P r o j e c t  and its o b l i g a t i o n s  pursuant t o  t h i s  Annex 

t o  UREK and w i l l  con t ro l  i n  accordance with A r t a i c l e  8, Paragraph 5 t h a t  

URBK w i l l  e x e r c i s e  these  r i g h t s  and ob l iga t ions .  

R. The S tee r ing  Corn i t t ee  m y  e s t a b l i s h  gu ide l ines  t o  determine what 

c o n s t i t u t e s  a "nat ional"  of a Contract ing Par ty .  

S. Mobil c a t a l y s t  suppl ied  t o  t h e  P r o j e c t  s h a l l  remain t h e  property of 

Mobil o r  its a f f i l i a t e s .  Mobil c a t a l y s t  s h a l l  not  be analyzed unless  

author ized by Nobil i n  wri t ing,  and s h a l l  not  be disseminated t o  o t h e r s  

o u t s i d e  t h e  P r o j e c t  o r  used f o r  any o t h e r  purpose o t h e r  than a s  authorized 

by Mobil f o r  t h e  P ro jec t .  BMET w i l l  l i m i t  d isseminat ion of m b i l  c a t a l y s t  



t o  those people who require it fo r  use in the Project.  A t  the conclusion 

of the  Project,  a l l  such ca ta lys t  s h a l l  be returned t o  Mobil o r  its a f f l i -  

l i a t e s ,  a t  i%bil ls  request, o r  disposed of as  instructed by Mobil. 

T. A s  used in  t h i s  Annex, the following t e r n  sha l l  have the 

meanings indicated: 

1. "Methanol-to-Gasoline Process" or  Conversion of 

Methanol-to Gasoline" sha l l  mean a fluidized bed process f o r  pro- 

ducting gasoline using a fresh feedstock consisting essen t ia l ly  of 

methanol i n  the presence of W b i l  ca ta lys t  wherein not more than 5% by 

weight of the hydrocarbon product recovered from the product is ethy- 

lene. 

2. "Mobil catalyst"  sha l l  mean a conposition of m t t e r  

of the  ZSM ca ta lys t  c lass  su i tab le  f o r  use a s  a ca ta lys t  in  the 

Methanol-toi;asoline Process and having a s i l i c a  t o  alumina ro le  

r a t i o  of a t  l e a s t  twelve (12) and a s t ruc ture  providing consitrained 

access t o  the crystalline-free sFace as  indicated by a Constraint 

Index in  the approximate range of one t o  twelve (1 t o  1 2 )  wherein the 

term "Constraint Index" is defined in U.S. patent 4,098,836, provided 

t ha t  Mobil ca ta lys t  sha l l  not include any such composition of matter 

t o  the extent it is actually used in o r  actually transferred for  use 

i n  a process other  than the Methanol-to-Gasoline Process, nor sha l l  

Mobil ca ta lys t  include any conposition which contains a zeo l i te  

c rys ta l l ine  aluminosilicate other  than a s  described hereinabove. 

3 .  "Project" s h a l l  mean a program of research and deve- 

lopnent f o r  the Methanol-to4asoline f ie ld .  

4. A s  used herein, "Mobil" sha l l  mean bbbil Research and 

Developnent Corporation, "Uhde" sha l l  mean Uhde GmbH and "URBK" sha l l  

mean Union Rheinische Braunkohlen Kraftstoff AG. 



ANNEX 3 

LIST OF PUBLISHABLE DATA 

Desiqn of Demonstration Plant 

Flowsheet and overall material balance 
Process description 
Utility consumption 
Product composition 
Equipment list giving characteristic data, e.g. 
- For vessels diameter, height, design temperature, 

design pressure, material of construction, weight. 
- For heat exchanges heat duty, design temperatures, 

design pressures, material of construction, weight. 
- For pumps and compressors capacity, pressure difference, 

power consumption, RPM. design temperature, design 
pressure, material of construction, weight. 

Electrical installations 
Control equipment 
Plot plan 
Description of foundations, steel structures, buildings 
Application to the local authorities for approval of con- 
struction (as far as publishable) giving pollution con- 
siderations regarding air, water, noise, etc. 
Timing 
Cost of 
- equipment 
- civil work and erection 
- project management and engineering 
- erected plant 
Plant photos 

Operation of Demonstration Plant 

Review of events during start-up 
Description of operating conditions 
Overall results of operation 
General conclusions 
Control and measurement problems encountered 
Results of product testing 
- physical properties 
- chemical properties 
- motor tests 

Feasibility Study for a Commercial Plant 

Scale-up philosophy for the MTG plant 
Block diagramme and process description of the total plant 
complex (coal to gasoline) 
Flowsheets of the various process units with process 
description 
Steam system with description 
Description of utilities and offsite with flowsheets 
Consumption and production figures with analyses 
Estimated cost of the plant complex 
Plant manning 
Product cost versus various cost factors 


