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(©  A  method  of  drying  coal. 
Coal  is  dried,  with  a  computerized  moisture  control,  by 

the  heat  recovered  from  coke  oven  gas  in  a  heat  recovery  unit 
installed  in  the  collection  gas  transfer  line  via  a  heat  transfer 
fluid,  circulating  in  the  unit  which  exchanges  heat  with  the 
coke  oven  gas  in  the  unit  and  vaporizes,  becomes  compressed 
by  a  compressor to  a  highertemperature  and  pressure,  flows 
to  an  indirectly-heated  dryer to  dry the  coal  and  is  recirculated 
to  the  unit. 



BACKGROUND  OF  THE  INVENTION:  

1.  F i e l d   of  t h e   I n v e n t i o n :  

T h i s   i n v e n t i o n   r e l a t e s   to  a  m e t h o d   of   d r y i n g   c o a l   a n d ,  

more  p a r t i c u l a r l y ,   to   a  m e t h o d   of  d r y i n g   c o a l   a d v a n t a g e o u s l y  

by  u t i l i z a t i o n   of  t h e   h e a t   r e c o v e r e d   f rom  coke   oven   g a s .  

2.  D e s c r i p t i o n   of  t h e   P r i o r   A r t  

In  t h e   p r o d u c t i o n   of   c o k e ,   p r e l i m i n a r y   d r y i n g   of   t h e  

c h a r g e   c o a l   to  an  a d e q u a t e   m o i s t u r e   c o n t e n t   i s   e x t r e m e l y   a d v a n -  

t a g e o u s   as  i t   h e l p s   to  r e d u c e   the   h e a t   l o a d   of   t he   coke   o v e n .  

As  a  c o n s e q u e n c e ,   how  to  dry   the   c h a r g e   c o a l   to  a  p r e s c r i b e d  

m o i s t u r e   c o n t e n t   h a s   become   an  i m p o r t a n t   p r o b l e m   and  a  n u m b e r  

of  s o l u t i o n s   h a v e   b e e n   p r o p o s e d ;   f o r   e x a m p l e ,   d r y i n g   of   t he   c o a l  

by  d i r e c t   c o n t a c t   w i t h   h o t   a i r   or  i n d i r e c t   c o n t a c t   w i t h   a  h o t  

h e a t   t r a n s f e r   f l u i d   ( s e e   J a p a n e s e   P a t e n t   P u b l i c a t i o n   N o . 2 8 2 4 1 /  

1974  and  J a p a n e s e   L a i d - O p e n   P a t e n t   N o s . 3 3 7 7 4 / 1 9 8 2   and  1 0 0 1 8 4 /  

1 9 8 2 ) .  

In  c o m m e r c i a l   p r a c t i c e ,   h o w e v e r ,   d r y i n g   of   c o a l   of   t h e  

o r d e r   of  s e v e r a l   h u n d r e d s   of   t o n s   p e r   h o u r   r e q u i r e s   a  v a s t  

a m o u n t   of  h e a t   and  s e c u r i n g   of  s u c h   h e a t   p o s e s   a  s e r i o u s   p r o b l e m .  

One  m e t h o d   has   p r o p o s e d   to  r e c o v e r   t h e   s e n s i b l e   h e a t   o f  



coke   o v e n   g a s   a t   a  s u i t a b l e   s i t e   s u c h   as  t h e   a s c e n s i o n   p i p e   o n  

t h e   t op   of   t h e   c o k e   o v e n   and  u se   i t   as  a  s o u r c e   of  h e a t   to  d r y  

t h e   c o a l   ( s e e   J a p a n e s e   L a i d - O p e n   P a t e n t   N o s . 1 4 8 5 0 4 / 1 9 7 7 ,  

1 2 9 7 1 5 / 1 9 7 8 ,   9 7 6 0 4 / 1 9 7 9  ,   154404/1979  and  111888/1983  and  J apanese   Laid  open  

U t i l i t y   Mode l   N o . 1 0 1 8 5 2 / 1 9 8 3 ) .   Wi th   t h i s   m e t h o d ,   h o w e v e r ,   a n  

a t t e m p t   t o   u s e   an  e n l a r g e d   h e a t   t r a n s f e r   s u r f a c e   to  r e c o v e r  

more   s e n s i b l e   h e a t   f r o m   coke   oven   gas   r e s u l t s   in  a  l a r g e r   f o r -  

m a t i o n   of   t a r   d e p o s i t s   on  t h e   h e a t   t r a n s f e r   s u r f a c e ,   w h i c h   r e -  

d u c e s   t h e   h e a t   e x c h a n g e   e f f i c i e n c y   and  makes   i t   d i f f i c u l t   t o  

c o n d u c t   a  s t a b l e   h e a t   r e c o v e r y   o p e r a t i o n   o v e r   an  e x t e n d e d   p e r i o d  

of   t i m e .   A n o t h e r   s h o r t c o m i n g   i s   t h a t ,   when  t h e   l i d   a t   t h e   t o p  

of   t h e   a s c e n s i o n   p i p e   i s   o p e n e d   d u r i n g   t h e   p u s h i n g   of   c o k e ,   h o t  

a i r   r i s e s   t h r o u g h   t h e   a s c e n s i o n   p i p e   c a r b o n i z i n g   the   t a r   d e p o -  

s i t s   on  t h e   h e a t   t r a n s f e r   s u r f a c e   of  t he   h e a t   e x c h a n g e r   c a u s -  

i n g   t h e   s o - c a l l e d   " c o k i n g , "   and  t h e   c a r b o n i z e d   t a r   s t i c k s   a n d  

g r o w s   on  t h e   h e a t   t r a n s f e r   s u r f a c e   to  c a u s e   l o s s e s   in   e f f i c i -  

e n c y   and  m a l f u n c t i o n i n g   of  t he   h e a t   e x c h a n g e r .  

M o r e o v e r ,   w i t h   t h e   a f o r e s a i d   m e t h o d ,   e a c h   a s c e n s i o n   p i p e  

m u s t   be  e q u i p p e d   w i t h   a  h e a t   e x c h a n g e r   w h i c h   in   t u r n   m u s t   b e  

e q u i p p e d   w i t h   p i p i n g   f o r   c i r c u l a t i o n   of  a  h e a t   t r a n s f e r   f l u i d .  

T h i s   w i l l   n o t   o n l y   i n c r e a s e   t h e   c a p i t a l   i n v e s t m e n t   b u t   a l s o  

c o m p l i c a t e   c o n t r o l   and  m a i n t e n a n c e   of  t he   h e a t   e x c h a n g e   s y s t e m .  

F u r t h e r m o r e ,   t h e   a m o u n t   of  s e n s i b l e   h e a t   r e c o v e r a b l e   f r o m   c o k e  

o v e n   g a s  i n   t h e   a s c e n s i o n   p i p e   w i l l   in  e f f e c t   have   a  c e r t a i n  



l i m i t   due  to  c o n d e n s a t i o n   of   t a r   and  the   s u b s e q u e n t   c o k i n g   o f  

t he   t a r .  

C o a l ,   p a r t i c u l a r l y   d u r i n g   or   a f t e r   g r i n d i n g ,   t e n d s   t o  

g e n e r a t e   d u s t   i f   e x c e s s i v e l y   d r y .   As  d u s t   c a u s e s   e n v i r o n -  

m e n t a l   p o l l u t i o n ,   i t   mus t   be  d i s p o s e d   of  by  a  d u s t   c o l l e c t o r  

or  t h e   l i k e .   A l s o ,   c o a l   d u s t   i s   l i a b l e   to  e x p l o d e   u n d e r   c e r -  

t a i n  c o n d i t i o n s   and  the   d u s t   s c a t t e r e d   away  c a u s e s   a  g r e a t   l o s s  

of  c o a l .   I t   t h e r e f o r e   i s   h i g h l y   b e n e f i c i a l   to  h a v e   a  c a p a b i -  

l i t y   of   d r y i n g   t he   c o a l   to  any  m o i s t u r e   c o n t e n t   t o . m e e t   t h e  

p a r t i c u l a r   n e e d .  

The  p r e s e n t   i n v e n t o r s   c o n d u c t e d   e x t e n s i v e   s t u d i e s   on  d r y -  

i ng   of   c o a l   by  the   h e a t   r e c o v e r e d   f rom  coke  oven   gas   and  d i s -  

c o v e r e d   t h a t   t h e   a m o u n t   of   h e a t   r e q u i r e d   f o r   d r y i n g   c o a l   c a n  

be  r e c o v e r e d   f rom  coke  o v e n  g a s   w h i l e   in  t r a n s i t   in   t h e   c o l l e c -  

t i v e   gas   t r a n s f e r   l i n e   a f t e r   s e p a r a t i o n   of  t h e   a m m o n i a   l i q u o r  

v i a   t h e   s u c t i o n   ma in   in   t h e   g a s - c o l l e c t i n g   s y s t e m .   The  p r e -  

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

w i t h   t h e   a f o r e s a i d   m e t h o d   c o u l d   be  s o l v e d   and  a r r i v e d   a t   t h i s  

i n v e n t i o n .  

SUMMARY  OF  THE  INVENTION:: 

The  o b j e c t   of  t h i s   i n v e n t i o n   i s   to  r e c o v e r   a  s u f f i c i e n t  

a m o u n t   of   h e a t   to  d ry   c o a l   f rom  coke   oven   gas  by  p r o v i d i n g . a  



h e a t   r e c o v e r y   u n i t   in   t h e   c o l l e c t i v e   gas   t r a n s f e r   l i n e   w h i c h  

t r a n s f e r s   c o k e   o v e n   gas   c o l l e c t e d   f rom  oven   c h a m b e r s   to  t he   g a s -  

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

u n i t   to   e f f e c t   h e a t   e x c h a n g e   w i t h   t he   coke   oven   gas   to  v a p o r i z e  

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

p r e s s u r e   and   t e m p e r a t u r e   by  a  c o m p r e s s o r   and  c i r c u l a t i n g   i t   to  a n  

i n d i r e c t l y - h e a t e d   d r y e r   to  d ry   t he   c o a l ,   and  a l s o   to  p r o v i d e   a  

m e t h o d   o f   d r y i n g   c o a l   c a p a b l e   of   s o l v i n g   t h e   p r o b l e m s   a s s o c i a t e d  

w i t h   t h e   a f o r e s a i d   m e t h o d .  

A n o t h e r   o b j e c t   of   t h i s   i n v e n t i o n   i s   to   p r o v i d e   a  m e t h o d   o f  

d r y i n g   c o a l   c a p a b l e   of   c o n t r o l l i n g   t h e   m o i s t u r e   c o n t e n t   in   t h e  

d r i e d   c o a l   to   any  d e s i r a b l e   l e v e l   as  n e e d e d .   The  m o i s t u r e   c o n -  

t e n t   in   t h e   c o a l   d r i e d   by  t h e   i n d i r e c t - h e a t e d   d r y e r ,   t he   a m o u n t  

of   c o a l   c h a r g e d   to   t h e   i n d i r e c t l y - h e a t e d   d r y e r   and  the   m o i s t u r e  

c o n t e n t   in   t h e   c o a l   b e f o r e   d r y i n g   a r e   t a k e n   as  c o a l   p a r a m e t e r s  

w h i l e   t h e   p r e s s u r e ,   f l o w   r a t e   and  t e m p e r a t u r e   of   t he   c o m p r e s s e d  

h e a t   t r a n s f e r   f l u i d   a r e   t a k e n   as  h e a t   t r a n s f e r   f l u i d   p a r a m e t e r s .  

One  or  more   of   t h e   c o a l   p a r a m e t e r s   and  one  o r   more  of   t h e   h e a t  

t r a n s f e r   f l u i d   p a r a m e t e r s   a r e   m e a s u r e d .   The  m e a s u r e d   v a l u e s   o f  

t h e   c o a l   p a r a m e t e r s   and  the   t a r g e t   m o i s t u r e   c o n t e n t   in   t he   d r i e d  

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

of   t h e   h e a t   t r a n s f e r   f l u i d   p a r a m e t e r .   C o m p a r i s o n   of   t he   t a r g e t  

v a l u e   w i t h   t h e   m e a s u r e d   v a l u e s   s e n d s   o u t   a  c o n t r o l   s i g n a l   t o  t h e  

c o m p r e s s o r   to   c o n t r o l   t h e   m o i s t u r e   c o n t e n t   in   t h e   d r i e d   c o a l .  



DETAILED  DESCRIPTION  OF  THE  INVENTION: 

Coke  o v e n   gas   e v o l v i n g   f rom  oven   c h a m b e r s   f l o w s   i n t o   t h e  

g a s - c o l l e c t i n g   s y s t e m   and  l e a v e s   t h e   oven  s i d e   v i a   t h e   c o l l e c -  

t i v e   gas   t r a n s f e r   l i n e .   The  h e a t   r e c o v e r y   u n i t   i s   i n s t a l l e d   i n  

t he   c o l l e c t i v e   gas   t r a n s f e r   l i n e   and  the   h e a t  t r a n s f e r   f l u i d   i n  

c i r c u l a t i o n   e x c h a n g e s   h e a t   w i t h   t he   coke   oven  gas   in   t he   u n i t  

and  v a p o r i z e s ,  b e c o m e s   c o m p r e s s e d   to  a  h i g h e r   t e m p e r a t u r e   a n d  

p r e s s u r e   by  a  c o m p r e s s o r ,   and  f l o w s   to  the   i n d i r e c t l y - h e a t e d   d r y e r  

to  d ry   t h e   c o a l .  

The  g a s - c o l l e c t i n g   s y s t e m   in  t h i s   i n v e n t i o n   r e f e r s   to  a l l  

t h e   f a c i l i t i e s   b e t w e e n   e a c h   oven   c h a m b e r   and  t he   c o l l e c t i v e   g a s  

t r a n s f e r   l i n e   a n d  n o r m a l l y   c o m p r i s e s   t he   a s c e n s i o n   p i p e   w h i c h  

r i s e s   f rom  t h e   t op   of  t he   oven  c h a m b e r   and  i s   an  o u t l e t   f o r   t h e  

coke   oven   g a s ,   t h e   g o o s e n e c k   w h i c h   i s   c o n n e c t e d   to  t h e   a s c e n s i o n  

p i p e   and  s p r a y s   ammonia   l i q u o r   to  t h e   coke  oven   g a s ,   t h e   c o l l e c t -  

i ng   ma in   w h i c h   i s   c o n n e c t e d   to  t h e   g o o s e n e c k   and  c o l l e c t s   t h e  

coke   oven   gas   and  the   ammonia   l i q u o r   s p r a y e d   i n t o   t h e   g o o s e n e c k ,  

t he   s u c t i o n   ma in   w h i c h   s e p a r a t e s   t h e  a m m o n i a   l i q u o r   and  the   t a r  

c o n d e n s e d   i n   t h e   c o l l e c t i n g   m a i n ,   and  the   gas   ma in   w h i c h   s e n d s  

ou t   t h e   c o l l e c t e d   coke  oven  gas   to  t h e   c o l l e c t i v e   gas   t r a n s f e r  

l i n e .  

A c c o r d i n g   to  t h i s   i n v e n t i o n ,   t h e   h e a t   r e c o v e r y   u n i t   i s   i n s -  

t a l l e d   in   t h e  c o l l e c t i v e   gas   t r a n s f e r   l i n e   and  r e c o v e r s  t h e  



s e n s i b l e   and  l a t e n t   h e a t s   f rom  t h e   c o l l e c t e d   c o k e   oven   g a s .  

The  e f f i c i e n c y   o f   s u c h   r e c o v e r y   v a r i e s   w i t h   t h e   k i n d   o f   h e a t  

t r a n s f e r  f l u i d   i n   c i r c u l a t i o n   and  i t   c a n   be  e n h a n c e d   by  k e e p -  

i n g   t h e  t e m p e r a t u r e   of   t h e   coke   o v e n   g a s   as  h i g h   as  p o s s i b l e  

a t   t h e   i n l e t   o f   t h e   h e a t   r e c o v e r y   u n i t .   The  f o l l o w i n g   m e a n s  

a r e   u s e f u l   to   a c h i e v e   t h i s   o b j e c t i v e :   (1)   to  c o n t r o l   t h e   q u a n -  

t i t y   o f   a m m o n i a   l i q u o r   s p r a y  i n   t h e   g o o s e n e c k   to  m i n i m i z e   t h e  

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

l i q u o r ;   (2)   to   i m p r o v e   t h e   s p r a y   of   a m m o n i a   l i q u o r   to   s t a b i l i z e  

t h e  t e m p e r a t u r e  o f  c o k e   oven   gas   a f t e r   c o o l i n g ;   (3)  to   i n s u l a t e  

t h e   g a s - c o l l e c t i n g   s y s t e m   c o n s i s t i n g   o f   a s c e n s i o n   p i p e ,   c o l l e c -  

t i n g   m a i n ,   s u c t i o n   m a i n   and  gas   m a i n   to   m i n i m i z e   h e a t   l o s s e s  

in  t h e   s y s t e m ;   (4)   to   s e p a r a t e   t h e  s p r a y e d   a m m o n i a   l i q u o r   q u i c k -  

lY  i n   t h e   c o l l e c t i n g   m a i n   or   s u c t i o n   m a i n ;   and  (5)   to   r e c o v e r  

t h e   r a d i a n t   h e a t   f r o m   t h e   a s c e n s i o n   p i p e   by  a m m o n i a   l i q u o r   a n d  

s p r a y i n g   t h i s   a m m o n i a   l i q u o r .  

The  c o k e   o v e n   g a s   a f t e r   s p r a y i n g   w i t h   a m m o n i a   l i q u o r   in   t h e   u s u a l  

h a s  a   t e m p e r a t u r e   of   8 0  -   86°C  a t   t h e   i n l e t   of  t h e   h e a t   r e c o v e r y  

u n i t ,   and   t h i s   t e m p e r a t u r e   c a n  b e   r a i s e d   to   8 6  -   150°C   by  a d o p t i i  

m e a n s   as  d e s c r i b e d   a b o v e .  

The  h e a t   t r a n s f e r   f l u i d   to   be  c i r c u l a t e d   t h r o u g h   t h e   a f o r e -  

s a i d   h e a t   r e c o v e r y   u n i t   c a n  b e   any  s u b s t a n c e   t h a t   v a p o r i z e s   b y  

h e a t   e x c h a n g e   w i t h   t h e   i n c o m i n g   c o k e   o v e n   gas   and  i s   t h e r m a l l y  

s t a b l e ;   f o r   e x a m p l e ,   a  s u b s t a n c e   c o n s i s t i n g   o f   c a r b o n ,   c h l o r i n e ,  



f l u o r i n e   and  h y d r o g e n   s u c h   as  CC13F,  CC12F2,   CHC12F,  C H C I F 2 ,  

CC1F2-   CC12F,  C 2 C 1 3 F 3 ,   e t c .   ( h e r e i n - a f t e r   r e f e r r e d   to  as  a  

F l o n ) ,   m e t h a n o l ,   n - p e n t a n e ;   c y c l o p e n t a n e ,   b e n z e n e   and  w a t e r .  

Of  t h e   e x a m p l e s ,   a l i p h a t i c   c h l o r o f l u o r o h y d r o c a r b o n s ,  i . e .   "Flon"  a n d  w a t e r  

a r e   p r e f e r a b l e   b e c a u s e   o f   t h e i r   h i g h e r   t h e r m a l   s t a b i l i t y .  

Any  of   known  g a s - l i q u i d   or  g a s - g a s   h e a t   e x c h a n g e r s   c a n  

s e r v e   as  t he   h e a t   r e c o v e r y   u n i t   of  t h i s   i n v e n t i o n .   The  f l o w  

p a t h   of   the   h e a t   t r a n s f e r   f l u i d   may  be  p l a c e d   e i t h e r   i n s i d e   or   o u t -  

s i d e   of  the   c o l l e c t i v e   gas   t r a n s f e r   l i n e   and  t h e   h e a t   e x c h a n g e r  

may  be  a  s h e l l - a n d - t u b e   h e a t   e x c h a n g e r   or   a  s p i r a l   h e a t   e x c h a n -  

g e r   and  i s   n o t   l i m i t e d   to   any  p a r t i c u l a r   t y p e .  

V a r i o u s   t y p e s   of   i n d i r e c t l y - h e a t e d   d r y e r s   can   be  u s e d   f o r  

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

b l e   to  c h o o s e   t he   t y p e   t h a t   a g i t a t e s   and  t r a n s p o r t s   t h e   c o a l - t o  

e n h a n c e   the   h e a t   e x c h a n g e   e f f i c i e n c y .   An  e x a m p l e   of  s u c h   d r y e r s  

i s   a  r o t a r y   d r y e r   or   a  s c r e w   c o n v e y o r   d r y e r :   t h e   h e a t   t r a n s f e r  

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

or  t h r o u g h   t h e   r o t a t i n g   a x i s   and  the   s c r e w   f i n s .   The  d r y e r   m a y  

be  of   a  v e r t i c a l   or   h o r i z o n t a l   t y p e .   The  c o a l   to   be  d r i e d   m a y  b e  

h a n d l e d  a t   n o r m a l   o r   r e d u c e d   p r e s s u r e   in   t h o s e   i n d i r e c t - h e a t e d  

d r y e r s .  

The  a m o u n t   of  h e a t   to  be  r e c o v e r e d   f r o m   t h e   coke   o v e n   gas   i n  

t h e   a f o r e s a i d   h e a t   r e c o v e r y   u n i t   i s   d e t e r m i n e d   in   c o n s i d e r a t i o n  



of   s u c h   f a c t o r s   as  t h e   t a r g e t   m o i s t u r e   c o n t e n t   in  t h e   c o a l  

a f t e r   d r y i n g   and  t h e   m a g n i t u d e   o f   h e a t   l o s s  

of   t h e   h e a t   t r a n s f e r   f l u i d   d u r i n g   c i r c u l a t i o n .   In  c a s e   of  c o a l  

f o r   t h e   p r o d u c t i o n   o f   m e t a l l u r g i c a l   c o k e ,   d r y i n g   of   t h e   c o a l  

to   an  e x c e p t i o n a l l y   low  a v e r a g e   m o i s t u r e   c o n t e n t   i s   l i a b l e   t o  

g e n e r a t e   d u s t   w h i c h   i s   known   to  c a u s e   e n v i r o n m e n t a l   p o l l u t i o n  

o f   t h e   w o r k   p l a c e   and   i t s   v i c i n i t y   and  m u s t   be  d i s p o s e d   o f   b y  

d u s t   c o l l e c t o r s   or   t h e   l i k e   a t   an  e n o r m o u s   c o s t .   On  t h e   o t h e r  

h a n d ,   a  t o o   h i g h   a v e r a g e   m o i s t u r e   c o n t e n t   a f t e r   d r y i n g   m a k e s   t h e   dry 

u n u s e f u l   and   m e a n i n g l e s s   in   t h e   p r o d u c t i o n   of   c o k e .  

H e n c e ,   t h e   a v e r a g e   m o i s t u r e   c o n t e n t   i s   d e c r e a s e d   to  3  -   8  % 

by  w e i g h t ,   p r e f e r a b l y   to   4  -   7  % by   w e i g h t ,   in   t h e   d r y e r .  

In   t h e   m e t h o d   of   t h i s   i n v e n t i o n ,   i t   i s   n e c e s s a r y   to  i n s t a l l  

a  c o m p r e s s o r   a t   some  p o i n t   i n   t h e   p a t h   g o i n g   f r o m   t h e   h e a t   r e c o -  

v e r y   u n i t   to   t h e   i n d i r e c t l y - h e a t e d   d r y e r   and   c o m p r e s s   t h e   c i r c u -  

l a t i n g   h e a t   t r a n s f e r   f l u i d   t o   a  h i g h e r   p r e s s u r e   and  t e m p e r a t u r e  

to   i m p r o v e   t h e   h e a t   t r a n s f e r   p e r f o r m a n c e   o f   t h e   d r y e r .  

F u r t h e r m o r e ,   i t   i s   d e s i r a b l e   to  p r o v i d e   a  h e a t   e x c h a n g e r  

in   t h e   p a t h   r e t u r n i n g   f r o m   t h e   i n d i r e c t - h e a t e d   d r y e r   to   t h e   h e a t  

r e c o v e r y   u n i t   to   p r e h e a t   t h e   a i r   to  be  u s e d   to   d ry   t h e   c o a l   a n d  

e n h a n c e   t h e   e f f i c i e n c y   o f   t h e   d r y e r .  

I t   i s   a l s o   d e s i r a b l e   to   add  a  b y p a s s   l i n e   e q u i p p e d   w i t h   a  



c o o l i n g   means   a r o u n d   the   h e a t   r e c o v e r y   u n i t   in  t he   c o l l e c t i v e  

gas  t r a n s f e r   l i n e   as  a  p r e c a u t i o n a r y   m e a s u r e   a g a i n s t   m a l f u n c t -  

i o n i n g   or  s h u t d o w n   of  the   c o a l   d r y i n g   s y s t e m .   T h e r e   may  a r i s e  

a  c a s e   whe re   more   h e a t   t h a n   u s u a l   i s   n e e d e d   in  t h e   i n d i r e c t l y -  

h e a t e d   d r y e r   to   d ry   a  c o a l   of   a  h i g h e r   m o i s t u r e   c o n t e n t .  

In  such   a  c a s e ,   e x c e s s i v e   r e c o v e r y   of   h e a t   in   t he   h e a t   r e c o v e r y   u n i t  

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

f l u i d   w h i c h   h o w e v e r   t e n d s   to  a  d e c r e a s e   of  t e m p e r a t u r e   and  p r e s s u r e ;  

on  the   o t h e r   h a n d ,   the   i n d i r e c t - h e a t e d   d r y e r   t e n d s   to   demand   a  

h i g h e r   p r e s s u r e   f o r   b e t t e r   p e r f o r m a n c e   and  t h i s   r e q u i r e s   a  h i -  

g h e r   c o m p r e s s i o n   r a t i o   in   c o m p r e s s i n g   the   h e a t   t r a n s f e r   f l u i d .  

The  p o w e r   c o n s u m p t i o n   of  t he   c o m p r e s s o r   w i l l   t h e n   i n c r e a s e   to  a  

d e g r e e   v a r y i n g   w i t h   t h e   t y p e   and  p e r f o r m a n c e   of  t h e   c o m p r e s s o r ,  

and  i t   s o m e t i m e s   b e c o m e s   a d v a n t a g e o u s   f rom  the   s t a n d p o i n t   o f . .  

e n e r g y   c o s t   to   i n t r o d u c e   t he   same  h e a t   t r a n s f e r   f l u i d   w i t h o u t  

m a k i n g   up  t he   h e a t   d e f i c i e n c y .   Th i s   can  be  a c c o m p l i s h e d  

by  p r o v i d i n g   an  i n l e t   l i n e   b e t w e e n   t he   c o m p r e s s o r   and  t h e  

i n d i r e c t - h e a t e d   d r y e r   to  i n t r o d u c e   t h e   h e a t   t r a n s f e r   f l u i d   a n d  

an  o u t l e t   l i n e   b e t w e e n   the   i n d i r e c t - h e a t e d   d r y e r   and  t h e . h e a t  

r e c o v e r y   u n i t   to   d i scha rge   as  much  h e a t   t r a n s f e r   f l u i d   as  i n t r o -  

d u c e d   f rom  w i t h o u t .   The  h e a t   t r a n s f e r   f l u i d   a l r e a d y   h e a t e d   i n  

o t h e r   h e a t   r e c o v e r y   or  g e n e r a t i n g   f a c i l i t i e s   may  be  u t i l i z e d  

more  a d v a n t a g e o u s l y   as  such   h e a t   t r a n s f e r   f l u i d .  

I n  t h e  m e t h o d   of  t h i s   i n v e n t i o n ,   t he   m o i s t u r e   c o n t e n t   o f  



t h e   c o a l   a f t e r   d r y i n g   in   t h e   i n d i r e c t - h e a t e d   d r y e r   i s   c o n t r o l l e d  

by  c o n t r o l l i n g   t he   c o m p r e s s i o n   r a t i o   of   t h e   c o m p r e s s o r   in   com- 

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

c o m p r e s s i o n   r a t i o ,   s e l e c t e d   p a r a m e t e r s   of   t h e   c o a l   to  be  d r i e d  

and  of   t h e   h e a t   t r a n s f e r   f l u i d   to  be  u s e d   a r e   m e a s u r e d ,   t h e  

m e a s u r e d   v a l u e s   of  t h e   c o a l   p a r a m e t e r s   and  t h e   t a r g e t   m o i s t u r e  

c o n t e n t   a f t e r   d r y i n g   a r e   i n t r o d u c e d  i n   t h e   p r e s e t   e q u a t i o n s   t o  

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

v a l u e   i s   c o m p a r e d   w i t h   t h e   m e a s u r e d   v a l u e s   and  a  c o n t r o l   s i g n a l  

i s - s e n t   o u t   to   c o n t r o l  t h e   c o m p r e s s i o n   r a t i o   o f   t h e   c o m p r e s s o r .  

Such   c o a l   p a r a m e t e r s   i n c l u d e   t h e   m o i s t u r e   c o n t e n t   in   t h e  

c o a l   a f t e r   d r y i n g   in   t h e   i n d i r e c t l y - h e a t e d   d r y e r ,   t h e   a m o u n t   o f  

c o a l   c h a r g e d   to   t h e   d r y e r ,   and  t h e   m o i s t u r e   c o n t e n t   in  t he   c o a l  

b e f o r e   d r y i n g ,   and  a n y  o n e   of   them  or   two  or   more   may  be  u s e d .  

W h i c h  c o a l   p a r a m e t e r   i s  u s e d   f o r   c o n t r o l   of   t h e   c o m p r e s s o r   d e p e n d s  

u p o n   t h e   a c c u r a c y   d e s i r a b l e   in   c o n t r o l   of   t h e   m o i s t u r e   c o n t e n t  

in   t h e   c o a l   a f t e r   d r y i n g   in   c o n s i d e r a t i o n   of   t h e   k i n d   and  p r o -  

p e r t i e s   of   t h e   c h a r g e   c o a l   or   t h e   a c c u r a c y   in   d e t e r m i n a t i o n   o f  

t h e   c o a l   p a r a m e t e r s .   A  h i g h e r   a c c u r a c y   in   c o n t r o l   of   t h e   m o i s -  

t u r e   c o n t e n t   in   t h e   c o a l   a f t e r   d r y i n g   can   be  a c h i e v e d   by  u s i n g  

t h e   m o i s t u r e   c o n t e n t   in   t he   c o a l   a f t e r   d r y i n g   as  p a r a m e t e r   a n d  

p r e f e r a b l y ,   i n   a d d i t i o n   to   t h i s ,   t he   a m o u n t   of   c o a l   c h a r g e d   t o  

to  t h e   d r y e r   and  t h e   m o i s t u r e   c o n t e n t   in   t h e   c o a l   b e f o r e   d r y i n g .  

The  h e a t   t r a n s f e r   f l u i d   p a r a m e t e r s   i n c l u d e   t h e   p r e s s u r e ,   f l o w  



r a t e   and  t e m p e r a t u r e   of   the   h e a t   t r a n s f e r   f l u i d   a f t e r   c o m p r e s -  

s i o n ,   and  a n y  o n e   of   them  or  two  or   more  may  be  u s e d .   The 

h e a t   t r a n s f e r   f l u i d   p a r a m e t e r   to  be  used  for   c o n t r o l l i n g   the  c o m p r e s -  

s o r   d e p e n d s   u p o n   t h e   a c c u r a c y   d e s i r a b l e   in   c o n t r o l l i n g   t h e   m o i -  

s t u r e   c o n t e n t   in   t h e   c o a l   a f t e r   d r y i n g   in   c o n s i d e r a t i o n   of  t h e  

k i n d   and  p r o p e r t i e s   of   t he   h e a t   t r a n s f e r   f l u i d   to  be  u s e d   o r  

t h e   a c c u r a c y   in   d e t e r m i n a t i o n  o f   t h e   h e a t   t r a n s f e r   f l u i d   p a r a -  

m e t e r s .   A  h i g h e r   a c c u r a c y   in  c o n t r o l   of  t he   m o i s t u r e   c o n t e n t  

in  t h e   c o a l   a f t e r   d r y i n g   can  be  a c h i e v e d   by  u s i n g   t h e   p r e s s u r e  

of   t h e   h e a t   t r a n s f e r   f l u i d   a f t e r   c o m p r e s s i o n   as  p a r a m e t e r .  

A l l   t h e s e   p a r a m e t e r s   can   be  m e a s u r e d   a u t o m a t i c a l l y   w h i l e   t h e  

c o a l   i s   b e i n g   d r i e d   in   t he   i n d i r e c t l y - h e a t e d   d r y e r   or  m a n u a l l y  

a t   c o n s t a n t   i n t e r v a l s   when  t he   m o i s t u r e   c o n t e n t   in   t h e   c h a r g e  

c o a l   i s   known  to  v a r y   in  a  n a r r o w   r a n g e .  

The  e q u a t i o n s  t o   be  u s e d   f o r   c o m p u t i n g   t h e   t a r g e t  

h e a t   t r a n s f e r   f l u i d   p a r a m e t e r   f rom  the   m e a s u r e d   c o a l   p a r a m e t e r s  

a r e   p r o p e r l y   c h o s e n   d e p e n d i n g   upon   t h e   s p e c i f i c   c o a l   or  h e a t  

t r a n s f e r   f l u i d   p a r a m e t e r   w h i c h   i s   u s e d .  

For  e x a m p l e ,   t h e   f o l l o w i n g   e q u a t i o n s   a r e   u s e d   in   t h e   c a s e s  

w h e r e   t he   m o i s t u r e   c o n t e n t   in   t h e   c o a l  a f t e r   d r y i n g   ( M r ) ,   t h e  

a m o u n t   of  c o a l   c h a r g e d   to  t he   d r y e r   ( F ) ,   and  t he   m o i s t u r e   c o n -  

t e n t   in   t he   c o a l  b e f o r e   d r y i n g   (Mi)  a r e   u s e d   as  c o a l   p a r a m e t e r s  

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



(Pm)  i s   u s e d   as  h e a t   t r a n s f e r   f l u i d   p a r a m e t e r   in   t h e   c o m p u t i n g  

u n i t .  

(a )   R e l a t i o n s h i p   b e t w e e n   c o n d e n s a t i o n   t e m p e r a t u r e   T o ( ° C )   a n d  

p r e s s u r e   Pc(mmHg)  o f   t h e   h e a t   t r a n s f e r   f l u i d   v a p o r :  

(b)  H e a t   b a l a n c e   i n   t h e   i n d i r e c t l y - h e a t e d   d r y e r  :  

w h e r e i n :   Q1  =  h e a t   q u a n t i t y   r e q u i r e d   in  t h e   i n d i r e c t - h e a t e d  

d r y e r ,   K c a l / h r ,  

Cp=  s p e c i f i c   h e a t   of   c o a l ,   K c a l / k g ° C ,  

Mi  =  m o i s t u r e   c o n t e n t   in   c o a l   b e f o r e   d r y i n g ,   % 

Mr  =  m o i s t u r e   c o n t e n t   in   c o a l   a f t e r   d r y i n g ,   %, 

λ = l a t e n t   h e a t   of   v a p o r i z a t i o n   o f   w a t e r ,   K c a l / k g ,  
a n d  

Q l o s s =   h e a t   l o s s ,   K c a l / h r .  

(c)   R e l a t i o n s h i p   b e t w e e n   t h e   a m o u n t   of  h e a t   t r a n s f e r   Q 2 ( K c a l / h r )  

and   t h e   c h a n g e   in   t e m p e r a t u r e   of   c o a l  Δ T   (°C)   in   t h e  

i n d i r e c t - h e a t e d   d r y e r :  

w h e r e   U  =  o v e r a l l   c o e f f i c i e n t   of  h e a t   t r a n s f e r ,  
K c a l / m 2 h r o C ,  

A  =  h e a t   t r a n s f e r   s u r f a c e   a r e a ,   m 2 ,  

T1=  t e m p e r a t u r e   of   c o a l   a t   i n l e t   o f   i n d i r e c t -  

h e a t e d   d r y e r ,   °C,  a n d  



T2  =  t e m p e r a t u r e   of  c o a l   a t   o u t l e t   of  i n d i r e c t -  

h e a t e d   d r y e r ,   ° C .  

The  m e a s u r e d   v a l u e s   of  the   c o a l   p a r a m e t e r s   and  t he   p r e s e t  

t a r g e t   m o i s t u r e   c o n t e n t   in  the   c o a l   a f t e r   d r y i n g   (Mc)  a r e  

s u b s t i t u t e d   in   t h e   a b o v e   e q u a t i o n s   to  f i n d   t he   t a r g e t   h e a t  

t r a n s f e r   f l u i d   p r e s s u r e   ( P c ) .   The  c a l c u l a t e d   Pc  and  t h e   m e a -  

s u r e d   h e a t   t r a n s f e r   f l u i d   p r e s s u r e   Pm  a r e   u s e d   to  s e n d   o u t   a  

s i g n a l   to  t h e   c o m p r e s s o r   to  c o n t r o l   t h e   c o m p r e s s i o n   r a t i o ,  

w h i c h   in  t u r n   c o n t r o l s   t he   amoun t   of   h e a t   to  be  g i v e n   t o .  t h e  

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

The  a f o r e s a i d   c o m p r e s s o r   can   be  c o n t r o l l e d   by  c o n t r o l l -  

i n g   t h e   r o t a t i n g   s p e e d   of  t he   c o m p r e s s o r   or   t he   g u i d e   w i n g   a t  

t h e   h e a t   t r a n s f e r   f l u i d   i n l e t   of  t he   c o m p r e s s o r   or   t h e   d a m p e r  

a t   t he   h e a t   t r a n s f e r   f l u i d   i n l e t   of   t h e   c o m p r e s s o r .   When  t h e  

l o a d   v a r i e s   in   a  n a r r o w   r a n g e ,   t he   c o m p r e s s o r   can  be  c o n t r o l l e d  

s i m p l y   by  c o n t r o l l i n g   the   g u i d e   w i n g .   On  t he   o t h e r   h a n d ,   w h e n  

t h e   l o a d   v a r i e s   i n   a  wide   r a n g e ,   t h e   c o m p r e s s o r   can   be  c o n t r o l l e d  

by  v a r i a b l e   s p e e d   c o n t r o l   or  by  a  c o m b i n a t i o n   of  s p e e d   c o n t r o l  

by  p o l e   n u m b e r   c h a n g e   and  c o n t r o l   of   t h e   g u i d e   wing   a t   t h e  i n l e t .  

For  m o r e  p r e c i s e   d r y i n g   of  t he   c o a l   by  t he   i n d i r e c t l y - h e a t e d  

d r y e r ,   p a r a m e t e r s   o t h e r  t h a n   t h o s e   d e s c r i b e d   a b o v e   may  be  m e a -  

s u r e d   and  p u t   i n   t h e   c o m p u t i n g   u n i t ;   f o r   e x a m p l e ,   t e m p e r a t u r e   o f  



t h e   c o a l   c h a r g e d   to  t h e   i n d i r e c t - h e a t e d   d r y e r ,   t e m p e r a t u r e   o f  

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

t h e   d r y i n g   a i r ,   or   t e m p e r a t u r e   and  m o i s t u r e   of   t h e   s p e n t   a i r .  

S u p p l e m e n t a r y   c o n t r o l   E r a s u r e s   which  are  u s e f u l   fo r   pe r fo rming   t h e  

m e t h o d   o f   t h i s   i n v e n t i o n   i n c l u d e  t h e   s t a b l e   d i s c h a r g e   of  c o n d e n s a t e  

by  a  c o n t r o l   of   t h e   l i q u i d   l e v e l   in   a  c o n d e n s a t e   p o t  

p l a c e d   b e t w e e n   t he   i n d i r e c t l y - h e a t e d   d r y e r   and  t h e   h e a t   r e c o v e r y  

u n i t , c o n t r o l   of   t h e   l i q u i d   l e v e l   in   t h e   h e a t   r e c o v e r y   u n i t   f o r  

a  s t a b l e   s u p p l y   of   t h e   h e a t   t r a n s f e r   f l u i d ,   p r e v e n t i o n   of   s u r -  

g i n g   i n   t h e   c o m p r e s s o r   by  p a r t i a l   r e c y c l i n g   of   t h e   h e a t   t r a n s f e r  

f l u i d   f r o m   t h e   c o m p r e s s o r   to  t h e   h e a t  r e c o v e r y   u n i t ,   t e m p e r a -  

t u r e   c o n t r o l   of   t h e   d e l i v e r e d   h e a t   t r a n s f e r   f l u i d   by  l o w e r i n g  

t h e   t e m p e r a t u r e   of  t h e   o v e r h e a t e d   c o m p r e s s e d   f l u i d   to  n e a r   i t s  

s a t u r a t i o n   t e m p e r a t u r e   f o r   i m p r o v i n g   of  t h e   h e a t   t r a n s f e r   e f f i -  

c i e n c y   i n   t h e   i n d i r e c t l y - h e a t e d   d r y e r ,   c o n t r o l   o f   a  d e a e r a t o r   o f  

t h e   h e a t   t r a n s f e r   f l u i d   in   t h e   i n i t i a l   f i l l i n g   d u r i n g   s t a r t - u p ,  

o r   c o n t r o l   o f   a  d e v i c e   i n s t a l l e d   in   t he   c o n d e n s a t e   p o t   to  d i s -  

c h a r g e   t h e   i n c o m i n g   a i r .   T h e s e   m e a s u r e s   c an   be  u s e d   s i n g l y   i n  

c o m b i n a t i o n .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS: 

F i g u r e   1  i s   a  f l o w s h e e t   s h o w i n g   an  e m b o d i m e n t   of  t h e   m e -  

t h o d   o f   t h i s   i n v e n t i o n .  

F i g u r e   2  i s   a  f l o w s h e e t ,   a  s l i g h t   m o d i f i c a t i o n   of   F i g . l ,  



f o r   t he   c a s e   w h e r e   w a t e r   i s   u s e d   as  a  h e a t   t r a n s f e r   f l u i d .  

F i g u r e   3  i s   a  f l o w s h e e t   s h o w i n g   a  c o n t r o l   m e c h a n i s m .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS: 

One  e m b o d i m e n t   of  t h i s   i n v e n t i o n   i s   d e s c r i b e d   w i t h   r e f e -  

r e n c e   to   F i g s . l   w h e r e   F l o n   i s   u s e d   as  a  h e a t   t r a n s f e r   f l u i d .  

Hot   coke   oven   e f f l u e n t   f rom  the   coke  oven   1  r i s e s   in   t h e  

a s c e n s i o n   p i p e   2  and  e n t e r s   t h e   g o o s e n e c k   3  w h e r e   t h e   gas   i s  

c o o l e d   to  a  s p e c i f i e d   t e m p e r a t u r e   by  a  s p r a y   of   a m m o n i a   l i q u o r  

The  gas   and  t h e   ammonia   l i q u o r   c o n t a i n i n g   t a r   c o n d e n s e d   f r o m  

t h e   gas   f l o w   t h r o u g h   t he   c o l l e c t i n g   main  4,  t h e n   t h r o u g h   t h e  

s u c t i o n   ma in   5  w h e r e   t h e   ammon ia   l i q u o r   i s   s e p a r a t e d .   T h e  

coke   o v e n   gas   i s   t h e n   c o l l e c t e d   in  the   gas   m a i n   6  and  s e n t  

t h r o u g h   t h e   c o l l e c t i v e   gas   t r a n s f e r   l i n e   7  to  t h e   c o k e   oven   g a s  

t r e a t i n g   u n i t   ( n o t   s h o w n ) .  

The  h e a t   r e c o v e r y   u n i t   8  i s   p r o v i d e d   in   t h e   c o l l e c t i v e   g a s  

t r a n s f e r   l i n e   7  w h e r e   h e a t   e x c h a n g e   t a k e s   p l a c e   b e t w e e n   t he   c o k e  

oven   gas   and  t he   h e a t   t r a n s f e r   f l u i d .   The  h e a t   r e c o v e r y   u n i t   8 

and  t h e   i n d i r e c t l y - h e a t e d   d r y e r   9  a r e   c o n n e c t e d   in   c i r c u i t   by  t h e  

c i r c u l a t i n g   l i n e   10.   The  c o m p r e s s o r   11  i s   p r o v i d e d   in   t he   c i r c u -  

l a t i n g   l i n e   10  b e t w e e n  t h e   h e a t   r e c o v e r y   u n i t   8  and  t h e   i n d i r e c t l y -  

h e a t e d   d r y e r   9.  The  h e a t   e x h a n g e r   12  w h i c h   h e a t s   t h e   a i r   t o  b e  

i n t r o d u c e d   i n t o   t h e   i n d i r e c t l y - h e a t e d   d r y e r   9  and   t h e   h e a t   e x c h a n g e r  



13  w h i c h   c o o l s   t h e   h e a t   t r a n s f e r   f l u i d   r e t u r n i n g   to  t h e   h e a t  

r e v o v e r y   u n i t   8  to  a  s p e c i f i e d   t e m p e r a t u r e   a r e   p r o v i d e d   b e t w e e n  

the  i n d i r e c t l y - h e a t e d   d r y e r  9   and  t h e   h e a t   r e c o v e r y   u n i t   8 .  

The  h e a t   t r a n s f e r   f l u i d   i s   h e a t e d   in   h e a t   e x c h a n g e   w i t h  

t h e   c o k e   o v e n   g a s   i n   t h e   h e a t   r e c o v e r y   u n i t   8,  i s   c o m p r e s s e d   b y  

t h e   c o m p r e s s o r   11  to   a  h i g h e r   t e m p e r a t u r e   and  p r e s s u r e ,  

e n t e r s   t h e   i n d i r e c t l y - h e a t e d   d r y e r   w h e r e   t he   f l u i d   g i v e s   i t s  

h e a t   to   t h e   c o a l .   The  h e a t   t r a n s f e r   f l u i d   e m e r g i n g   f rom  t h e  

i n d i r e c t - h e a t e d   d r y e r   9  e n t e r s   t h e   h e a t  e x c h a n g e r   12  to   h e a t  

t h e   a i r   e n t e r i n g   t h e   i n d i r e c t l y - h e a t e d   d r y e r   9  to   d r y   t h e   c o a l ,  

t h e n   e n t e r s   t h e   h e a t   e x c h a n g e r   13  to  be  c o o l e d   to   a  s p e c i f i e d  

t e m p e r a t u r e ,   and  r e t u r n s   to  t h e   h e a t   r e c o v e r y   u n i t   8 .  

The  l i n e s   17  a r e   p r o v i d e d   f o r   t h e   f l o w   of  ammonia   l i q u o r .  

The  a m m o n i a   l i q u o r   c o n d e n s e d   in   t h e   s u c t i o n   m a i n   5  or   in  t h e  

h e a t   r e c o v e r y   u n i t   8  f l o w s   t h r o u g h   t h e   l i n e   17  to   t h e   t a r   d e -  

c a n t e r   16  and   i s   p u m p e d   t h r o u g h   t h e   a m m o n i a   l i q u o r   t r a n s f e r  

l i n e   18  to  t h e   r a d i a n t   h e a t   r e c o v e r y   u n i t  1 9 ,   a  j a c k e t   a r o u n d  

t h e   a s c e n s i o n   p i p e ,   and  a g a i n   s p r a y   in   t h e   g o o s e n e c k   3 .  

The  l i n e   20  i s   p r o v i d e d   to  w i t h d r a w   t a r   f rom  t h e   t a r   d e c a n t e r  

16 .   The  s e c t i o n   in   c h a i n   l i n e s   in   F i g .   1  c o n s i s t s   o f - t h e   c o o -  

l i n g   u n i t   14,   b y p a s s   l i n e   15,  and  t h e   ammon ia   l i q u o r   t r a n s f e r  

l i n e   17  and   w i l l   s t a r t   t o w o r k   upon   s h u t d o w n   of   t h e   a f o r e s a i d  

c o a l   d r y i n g   s y s t e m .   W a t e r   can   be  u s e d   as  a  h e a t   t r a n s f e r   f l u i d  



in  p l a c e   of  F l o n .   W i t h   r e f e r e n c e   to  F i g .   2,  an  i n l e t   l i n e  

21  f o r   i n t r o d u c t i o n   of  w a t e r   and  an  o u t l e t   l i n e   22  f o r   w i t h -  

d r a w a l   of  w a t e r   a re   p r o v i d e d .   As  much  w a t e r   as  i s   i n t r o d u c e d  

t h r o u g h   the   i n l e t   l i n e   21  i s   d i s c h a r g e d   t h r o u g h   the   o u t l e t   l i n e  

22.  The  h e a t   e x c h a n g e r   13  to  c o o l   t he   w a t e r   r e t u r n i n g   to  t h e  

h e a t   r e c o v e r y   u n i t   8  to  a  s p e c i f i e d   t e m p e r a t u r e   i s   n o t   s h o w n  

in  F i g .   2 .  

In  t he   m o d i f i c a t i o n   shown  in  t he   f l o w s h e e t   of  F i g . 2 ,  

as  shown  in  F i g . 3 ,   a  t h r e e   c o l o r   i n f r a r e d   m o i s t u r e   m e t e r   24  

i s   p r o v i d e d   in  t he   o u t l e t   l i n e   23  of   t he   i n d i r e c t - h e a t e d   d r y e r  

9  to  m e a s u r e   c o n t i n u o u s l y   t h e   m o i s t u r e   c o n t e n t   of   t h e   d r i e d  

c o a l   and  t he   c o n t i n u o u s   s c a l e   26  and  t h e   t h r e e   c o l o r   i n f r a r e d  

m o i s t u r e   m e t e r   27  a re   p r o v i d e d   in  t he   c o a l   s u p p l y   l i n e   25  to  t h e  

i n d i r e c t l y - n e a t e d   d r y e r   9  to   d e t e r m i n e   c o n t i n u o u s l y   t h e   w e i g h t   a n d  

m o i s t u r e   c o n t e n t   of  t h e   c h a r g e   c o a l .   A  c o n t i n u o u s   p r e s s u r e  

gage   28  i s   p rov ided   in  t h e   c i r c u l a t i n g   l i n e   10  f rom  t h e   c o m p r e -  

s s o r   11  to  t he   i n d e r e c t - h e a t e d   d r y e r   9  to  d e t e r m i n e   c o n t i n u o u s l y  

t he   p r e s s u r e   of   t he   h e a t   t r a n s f e r   f l u i d   and  t h e   c o m p r e s s o r   1 1  

i s   e q u i p p e d   w i t h   t he   c o n t r o l l e r   29  to  c o n t r o l   t h e   c o m p r e s s i o n  

r a t i o .  

The  m o i s t u r e   c o n t e n t   in   t h e   c o a l   a f t e r   d r y i n g   (Mr,)  m e a s u -  

r e d   by  t h e   t h r e e   c o l o r   i n f r a r e d   m o i s t u r e   m e t e r   24,  t h e   a m o u n t  

of  c o a l   c h a r g e d   (F)  m e a s u r e d   by  t h e   c o n t i n u o u s   s c a l e   26,  t h e  



m o i s t u r e   c o n t e n t   in   t h e   c o a l   b e f o r e   d r y i n g   (Mi)  m e a s u r e d   by  t h e  

t h r e e   c o l o r   i n f r a r e d   m o i s t u r e   m e t e r   27  and  t h e   p r e s s u r e   of  t h e  

h e a t   t r a n s f e r   f l u i d   (Pm)  m e a s u r e d   by  t h e   c o n t i n u o u s   p r e s s u r e  

g a g e   28  a r e   p u t   in   t h e   c o m p u t e r   30.  The  c o m p u t e r   30  p u t s   o u t  

t h e   t a r g e t   h e a t   t r a n s f e r   f l u i d   p r e s s u r e   (Pc )   a f e r   c o m p u t a t i o n  

u s i n g   t h e   g i v e n   e q u a t i o n s   ( a ) ,   ( b ) ,   and  ( c ) .   B o t h   Pc  and  Pm 

a r e   f e d   to   t h e   c o n t r o l l e r   29  w h i c h   s e n d s   o u t   a  s i g n a l   to   t h e  

c o m p r e s s o r   t o   c h a n g e   t h e   p o l e   n u m b e r   and  c o n t r o l   t h e   i n l e t  

g u i d e   w i n g   and   t h e   c o m p r e s s o r   11  c o m p r e s s e s   t h e   h e a t   t r a n s f e r  

f l u i d   to   t h e   t a r g e t   p r e s s u r e   P c .  

A c c o r d i n g   to   t h i s   i n v e n t i o n ,   h e a t   i s   r e c o v e r e d   f r o m   c o k e  

o v e n   g a s   w h i l e   t h e   c o l l e c t e d   c o k e   o v e n   gas   i s   in   t r a n s i t  i n   t h e  

c o l l e c t i v e   g a s   t r a n s f e r   l i n e .   T h i s   e n a b l e s   an  a d v a n t a g e o u s   a n d  

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

s s i t y   o f   i n s t a l l i n g   a  h e a t   e x c h a n g e r   or   a  l a r g e   n u m b e r   of   p i p e s  

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

l i t a t e s   t h e   c o n t r o l ,   i n s p e c t i o n   and  m a i n t e n a n c e   of   p i p i n g .  

C o n t r o l   o f   t h e   m o i s t u r e   c o n t e n t   o f   t h e   c o a l   a f t e r   d r y i n g  

by  m e a n s   o f   t h e   c h o s e n   c o a l   and  h e a t   t r a n s f e r   f l u i d   p a r a m e t e r s  

c an   p r e v e n t   e x c e s s i v e   d r y i n g   of   t h e   c o a l   and  s u p p r e s s   g e n e r a -  

t i o n   of   d u s t .   H e n c e ,   i t   e a s e s   t he   r e q u i r e m e n t s   f o r   d u s t   c o l l e c -  

t i n g   e q u i p m e n t ,   v i r t u a l l y   e l i m i n a t e s   e n v i r o n m e n t a l   p o l l u t i o n  

p r o b l e m s   and   h e l p s   to   s o l v e   t h e   p r o b l e m s   o f   d a n g e r   o f   c o a l   d u s t  



e x p l o s i o n   and  l o s s   of  c o a l   by  d u s t   s c a t t e r i n g .  

The  m e t h o d   of  t h i s   i n v e n t i o n   i s   i l l u s t r a t e d   w i t h   r e f e r e n c e  

to  e x a m p l e s   w h i c h   h a v e   b e e n   c a r r i e d   ou t   in   a c c o r d a n c e   w i t h   t h e  

f l o w s h e e t s   in   F i g s .   1  and  2 .  

EXAMPLE  1 

In  a c c o r d a n c e   w i t h   t he   f l o w s h e e t   in   F i g . l ,   t he   raw  m a t e -  

r i a l   c o a l   was  g r o u n d   s u c h   t h a t   the   p a r t i c l e s   b e l o w   3mm  in   s i z e  

a c c o u n t e d   f o r   88  %  or   more  of  the   t o t a l   w e i g h t   and  t h e  a v e r a g e  

m o i s t u r e   c o n t e n t   was  9  %  by  w e i g h t .   The  c o a l   was  f u r t h e r   d r i e d  

to  an  a v e r a g e   m o i s t u r e   c o n t e n t   of  5  %  by  w e i g h t   and  c h a r g e d   t o  

t h e   coke   oven   1  at   a  r a t e   of  450  t o n s / h r .   The  coke   oven   g a s ,  

6 2 0  C   in   t h e   g o o s e n e c k   3,  was  c o o l e d   by  a m m o n i a   l i q u o r   s p r a y   a t  

a  r a t e   of   1 , 2 0 0   m 3 / h r ,   s e p a r a t e d   f rom  t h e   a m m o n i a   l i q u o r   in   t h e  

s u c t i o n   m a i n   5,  c o l l e c t e d   i n t o   the   gas   m a i n ,   and  s u p p l i e d   t o  

t h e   h e a t   r e c o v e r y   u n i t   8  i n s t a l l e d   in   t h e   c o l l e c t i v e   gas   t r a n s -  

f e r   l i n e   7  a t   84°C  and  a t   a  r a t e   of  1 2 6 , 0 0 0   N m 3 / h r .  

F l o n   ( F l o n - 1 1 3 :   1,  2 - t r i c h l o r o - 1 , 2 - t r i f l u n r o - e t h a n e ,   C C 1 F 2 -  

CC12  F)  was  c i r c u l a t e d   as  h e a t   t r a n s f e r   f l u i d   to  t he   h e a t   r e c o -  

v e r y   u n i t   8  to  r e c o v e r   h e a t   f r o m  t h e   coke   o v e n   gas   and  6 0 , 0 0 0  

m3  of  a i r   was  i n t r o d u c e d   to  t he   r o t a r y   i n d i r e c t - h e a t e d   d r y e r   9 

to  dry   450  t o n s / h r   of  c o a l .   The  g a s e o u s   F l o n   was  80 C  and  2 . 5  

k g / c m 2   a t   t h e   o u t l e t   of   t he   h e a t   r e c o v e r y   u n i t   8,  was  900  a n d  



3 . 5   k g / c m 2  a t   t h e   o u t l e t   of  t h e   c o m p r e s s o r   11,  and  c o n d e n s e d  

in  t h e   i n d i r e c t - h e a t e d   d r y e r   9  w h i l e   r e l e a s i n g   i t s   h e a t   t h e r e .  

The  l i q u i d   F l o n   was  90°C  and  3 . 5   k g / c m 2   a t   t h e   o u t l e t   of   t h e  

i n d i r e c t - h e a t e d   d r y e r   9,  was  83°C  and  3 . 5   k g / c m 2   a t   t he   o u t l e t  

of   t h e   h e a t   e x c h a n g e r   12,  and  was  c o o l e d   to   70°C  in  t he   h e a t  

e x c h a n g e r   13  and   t h e n   l o w e r e d   in   p r e s s u r e   to  2 . 5 k g / c m 2   b e f o r e  

r e t u r n i n g   to   t h e   h e a t   r e c o v e r y   u n i t   8.  D u r i n g   t h i s   t i m e ,   t h e  

c o k e   o v e n   g a s   e m e r g i n g   f rom  t h e   h e a t   r e c o v e r y   u n i t   8  was  7 6 ° C ,  

t h e   a i r   of   15°C  was  h e a t e d   to   75°C,   and  t h e   a v e r a g e   m o i s t u r e  

c o n t e n t   of  t h e   c o a l   d r i e d   in  t h e   i n d i r e c t - h e a t e d   d r y e r  9   w a s  

5%  by  w e i g h t .  

T h e s e   r e s u l t s   i n d i c a t e   t h a t   t h e   h e a t   r e c o v e r y   u n i t   8  r e c o -  

v e r e d   2 6 . 9   x  106  K c a l / h r   of  h e a t   f r o m   t h e   coke   o v e n   g a s ,   t h e  

c o m p r e s s o r   11  g a v e   a  c o m p r e s s i o n   h e a t   of   0 . 5   x  106  K c a l / h r ,   t h e  

i n d i r e c t l y - h e a t e d   d r y e r   9  c o n s u m e d   2 5 . 1   x  106  K c a l / h r   o f   h e a t  

and  t h e   h e a t   e f f i c i e n c y   was  9 1 . 6   %. 

EXAMPLE  2 

In  a c c o r d a n c e   w i t h   t he   f l o w s h e e t   i n  F i g . 2 .   t h e   same  raw  m a t e r i a l  

c o a l   as  a b o v e   was  u s e d   and  t h e   d r y i n g   of   t h e   c o a l   w a s  

c o m p u t e r - c o n t r o l l e d   in   t h e   m a n n e r   shown  in   F i g . 3 .  

The  c o a l   was  d r i e d   to  an  a v e r a g e   m o i s t u r e   c o n t e n t   of   5  % 

by  w e i g h t   and   c h a r g e d   to  t h e   coke   o v e n   1  a t   a  r a t e   of   450  t o n s / h r .  



The  coke  oven  gas   was  700°C  a t   the   o u t l e t   of  t he   a s c e n s i o n   p i p e  

2,  c o o l e d   in  t he   g o o s e n e c k   3  by  1 , 5 0 0   m 3 / h r   of  a m m o n i a   l i q u o r  

s p r a y ,   f r e e d   f rom  t h e   ammonia   l i q u o r   in   the   s u c t i o n   ma in   5 ,  

c o l l e c t e d   i n t o   t he   c o l l e c t i n g   main  and  s u p p l i e d   t h r o u g h   t h e  

c o l l e c t i v e   gas   t r a n s f e r   l i n e   to  the   h e a t   r e c o v e r y   u n i t   8  a t  

8 2 . 6 ° C   and  a t   a  r a t e   of   1 2 5 , 3 1 1   N m 3 / h r .  

W a t e r   was  c i r c u l a t e d   as  h e a t   t r a n s f e r   f l u i d   to  t he   h e a t  

r e c o v e r y   u n i t   8  a t   a  r a t e  o f   3 9 . 0   t o n s / h r   r e c o v e r i n g   h e a t   f r o m  

t h e  c o k e   oven  gas   and  d r y i n g   t he   c o a l   at   a  r a t e   of  450  t o n s / h r  

in  t he   r o t a r y   i n d i r e c t - h e a t e d   d r y e r   9 .  

The  s t e a m   was  7 2 . 0 ° C   a t   t h e   o u t l e t   of  t he   h e a t   r e c o v e r y  

u n i t   8  and  3 9 . 0   t o n s / h r   in  q u a n t i t y   and  121°C  a t   t h e   o u t l e t  

of  t h e   c o m p r e s s o r   11,  and  t h e   c o m p r e s s i o n   r a t i o   was  1 . 7 3 .  

The  s t e a m   c o n d e n s e d   in   t he   i n d i r e c t - h e a t e d   d r y e r   9  to   l i b e r a t e  

i t s   h e a t   and  t h e   c o n d e n s a t e   was  3 9 . 0   t o n s / h r   in   q u a n t i t y   a n d  

84°C  a t   t he   o u t l e t   of   the   i n d i r e c t - h e a t e d   d r y e r   9,  72°C  a t   t h e  

o u t l e t   of   t he   h e a t   e x c h a n g e r   12  and  r e t u r n e d   to  t h e   h e a t   r e c o -  

v e r y   u n i t   8  a f t e r   r e d u c e d   in   p r e s s u r e .   D u r i n g   t h i s   t i m e ,   t h e  

coke  oven   gas   e m e r g i n g   f rom  t h e   h e a t   r e c o v e r y   u n i t   8  was  7 7 ° C ,  

the   a i r   of  150C  was  h e a t e d   to  40°C  in  t h e   h e a t   e x c h a n g e r   1 2 ,  

and  the   a v e r a g e   m o i s t u r e   c o n t e n t   of  t he   c o a l   a f t e r   d r y i n g   i n  

the   i n d i r e c t - h e a t e d   d r y e r   9  was  5  %  by  w e i g h t .  



T h e s e   r e s u l t s   i n d i c a t e   t h a t   t h e   h e a t   r e c o v e r y   u n i t   8  r e c o -  

v e r e d   21  x  106  K c a l / h r   of  h e a t   f rom  t h e   c o k e   oven   g a s ,   t h e  

c o m p r e s s o r   11  gave   a  c o m p r e s s i o n   h e a t   of   0 . 9   x  106  K c a l / h r ,  

and   t h e   i n d i r e c t - h e a t e d   d r y e r   9  c o n s u m e d   2 1 . 9   x  106  K c a l / h r .  



1.  A  m e t h o d   of  d r y i n g   c o a l   by  u t i l i z i n g   t h e   h e a t   c o n t e n t  

of  h o t   coke   oven   g a s   in  w h i c h   h o t   c o k e   oven   gas   g e n e r a t e d  

in  oven   c h a m b e r s   i s   c o l l e c t e d   in  a  gas   c o l l e c t i n g   s y s t e m  

and  t h e   gas   s t r e a m   i s   p a s s e d   t h r o u g h   a  c o l l e c t i v e   g a s  

t r a n s f e r   l i n e ,   c h a r a c t e r i z e d   by  t h e   s t e p s   of  i n s t a l l i n g  

a  h e a t   r e c o v e r y   u n i t   in  t h e   c o l l e c t i v e   gas   t r a n s f e r   l i n e ,  

c i r c u l a t i n g   a  h e a t   t r a n s f e r   f l u i d   t h r o u g h   t h e   h e a t   r e c o v e r y  

u n i t ,   v a p o r i z i n g   t h e   h e a t   t r a n s f e r   f l u i d   i n - t h e   h e a t  

r e c o v e r y   u n i t   by  h e a t   e x c h a n g e   w i t h   t h e   coke   oven   g a s ,  

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

t e m p e r a t u r e   and  p r e s s u r e   and  c i r c u l a t i n g   t h e   c o m p r e s s e d  

v a p o r i z e d   h e a t   t r a n s f e r   med ium  to   an  i n d i r e c t l y   h e a t e d  

d r y e r   to   dry   t h e   c o a l .  

2.  A  m e t h o d   of  d r y i n g   c o a l   a c c o r d i n g   t o   c l a i m   1,  w h e r e i n  

t h e   h e a t   t r a n s f e r   f l u i d   i s   F l o n .  

3.  A  m e t h o d   of   d r y i n g   c o a l   a c c o r d i n g   t o   c l a i m   1,  w h e r e i n  

t h e   h e a t   t r a n s f e r   f l u i d   i s   w a t e r .  

4.  A  m e t h o d   of  d r y i n g   c o a l   a c c o r d i n g   to   any  of  t h e   c l a i m s  

1  to   3,  w h e r e i n   t h e   h e a t   t r a n s f e r   f l u i d   e m e r g i n g   f rom  t h e  

i n d i r e c t l y - h e a t e d  d r y e r   i s   s u b j e c t e d   t o   h e a t   e x c h a n g e   w i t h  

t h e   a i r   to  be  i n t r o d u c e d   i n t o   t h e   i n d i r e c t l y - h e a t e d   d r y e r  

and  t h e n   r e c i r c u l a t e d   to   t h e   h e a t   r e c o v e r y   u n i t .  



5.  A  m e t h o d   of   d r y i n g   c o a l   a c c o r d i n g   to   any  of  t h e  

c l a i m s   1  t o   4,  w h e r e i n   t h e   a m m o n i a   l i q u o r   i s   r a p i d l y  

s e p a r a t e d   i n   t h e   c o l l e c t i o n   m a i n   or   t h e   s u c t i o n   m a i n  

i n   t h e   g a s - c o l l e c t i n g   s y s t e m .  

6.  A  m e t h o d   of   d r y i n g   c o a l   a c c o r d i n g   t o   any  of   t h e   c l a i m s  

1  t o   5,  w h e r e i n   t h e   r a d i a n t   h e a t   f r o m   t h e   a s c e n s i o n   p i p e  

of   t h e   g a s   c o l l e c t i n g   s y s t e m   i s   r e c o v e r e d   by  a m m o n i a  

l i q u o r   a n d   s a i d   a m m o n i a  l i q u o r   i s   s p r a y e d   i n t o   t h e   c o k e  

o v e n   g a s .  

7.  A  m e t h o d   of   d r y i n g   c o a l   a c c o r d i n g   t o   any  of   t h e   c l a i m s  

1  to   6,  w h e r e i n   one  or   m o r e   of   c o a l   p a r a m e t e r s   s e l e c t e d  

f r o m   t h e   m o i s t u r e   c o n t e n t   in   t h e   c o a l   a f t e r   d r y i n g   in   t h e  

i n d i r e c t l y - h e a t e d   d r y e r ,   t h e   a m o u n t   of   c o a l   c h a r g e d   t o  

t h e   i n d i r e c t l y - h e a t e d   d r y e r ,   and   t h e   m o i s t u r e   c o n t e n t   i n  

t h e   c o a l   b e f o r e   d r y i n g   and   one   or   m o r e   of  h e a t   t r a n s f e r   f l u i d  

p a r a m e t e r s   s e l e c t e d   f r o m   t h e   p r e s s u r e ,   f l o w   r a t e   a n d  

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

by  t h e   c o m p r e s s o r   a r e   m e a s u r e d ,   t h e   m e a s u r e d   v a l u e s   o f  

s a i d   c o a l   p a r a m e t e r s   and  t h e   t a r g e t   m o i s t u r e   c o n t e n t   i n  

t h e   c o a l   a f t e r   d r y i n g   a r e   i n t r o d u c e d   i n t o   a  c o m p u t i n g  

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

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

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

t r a n s f e r   f l u i d   p a r a m e t e r   and  t h e   m e a s u r e d   v a l u e s   of  s a i d  



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

c o n t r o l l e d   by  t h e   s i g n a l .  

8.  A  m e t h o d   of  d r y i n g   c o a l   a c c c o r d i n g   to   c l a i m   7 ,  

w h e r e i n   t h e   c o a l   p a r a m e t e r   to   be  m e a s u r e d   i s   m o i s t u r e  

c o n t e n t   in   t h e   c o a l   a f t e r   d r y i n g .  

9.  A  m e t h o d   of  d r y i n g   c o a l   a c c o r d i n g   to   c l a i m s   7  o r  8 ,  

w h e r e i n   t h e   h e a t   t r a n s f e r   f l u i d   p a r a m e t e r   to   be  m e a s u r e d  

i s   t h e   p r e s s u r e   of  t h e   h e a t   t r a n s f e r   f l u i d   a f t e r   c o m -  

p r e s s i o n   by  t h e   c o m p r e s s o r .  
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