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T h i s   i n v e n t i o n   r e l a t e s   to   t h e   a n c h o r i n g   o f  

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

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

r o l l i n g   a r e   c o n s t r u c t e d   w i t h   d e n s e   ( g r e a t e r   t h a n   1 0 0 .  

p o u n d s   p e r   c u b i c   f o o t )   r e f r a c t o r y   r o o f   and  w a l l s .   T h e  

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

m o n o l i t h i c   l i n i n g ,   b u t   c o n s t r u c t i o n   r e q u i r e m e n t s   m a y  

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

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

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

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

c r a c k s   and  c h i p s .  

The  c o n v e n t i o n a l   m e t h o d   of  r e p a i r i n g   t he   r e -  

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

r e f r a c t o r y   c e m e n t   c o a t i n g   or   v e n e e r   o v e r   t h e   worn   o r  

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

c o a t i n g   may  be  l i g h t w e i g h t ,   u n d e r   100  p o u n d s   p e r   c u b i c  
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f o o t ,   o r   d e n s e ,   o v e r   100  p o u n d s   p e r   c u b i c   f o o t ,   a n d  

when  a p p l i e d   to   r o o f   or   w a l l   s u r f a c e s   may  s p a l l   as  a  

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

s u r f a c e s ,   as  a  r e s u l t   of  s h r i n k a g e   or  f r a c t u r e   of   t h e  

c o a t i n g   i t s e l f ,   or   as  a  r e s u l t   of   e x c e s s i v e   t e m p e r a t u r e  

g r a d i e n t   a c r o s s   t h e   t h i c k n e s s   of   t h e   c o a t i n g .   L o a d  

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

p u l l   t h e   c o a t i n g   o f f   t h e   l i n i n g .   T h i s   o c c u r s   on  t h e  

f u r n a c e   r o o f   and  to   a  l e s s e r   e x t e n t   on  t h e   l i n i n g   of   t h e  

f u r n a c e   s i d e   w a l l s ,   and  r e q u i r e s   a n c h o r i n g   to   p r o l o n g  

t h e   l i f e   of  t h e   l i n i n g   and  / o r   c o a t i n g .  

T h e r e   a r e   a  n u m b e r   o f   m e t a l l i c   a n c h o r i n g  

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

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

f a c e   t e m p e r a t u r e s   e x c e e d i n g   2 0 0 0 ° F .   T h e r e   i s   no  h i g h -  

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

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

The  h e a t   l o s s   in  a  r e h e a t i n g   f u r n a c e   can   b e  

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

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

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

i n s u l a t i n g   l a y e r   on  t h e   c o l d   s i d e   of  t h e   f u r n a c e   l i n i n g .  
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T h i s   i s   n o t   p o s s i b l e   on  e x i s t i n g   f u r n a c e s ,   so  t h e  

i n s u l a t i n g   l a y e r   i s   p l a c e d   on  t h e   h o t   s i d e   of   t h e   l i n i n g .  

T h i s   r e q u i r e s   a n c h o r i n g   t h e   g u n n e d   c o a t i n g   in  t h e   s a m e  

m a n n e r   f o r   e s s e n t i a l l y   t h e   same  r e a s o n s   as  j u s t   d e -  

s c r i b e d .  

A c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n ,   t h e r e   i s  

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

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

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

a n c h o r   i n t o   t h e   h o l e   w i t h   a  f i r s t   c o n c a v e   l o c k i n g  

s e c t i o n   of  t h e   a n c h o r   i n s i d e   t h e   h o l e   and  a  s e c o n d   c o n -  

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

f i l l i n g   t h e   h o l e   w i t h   a  r e f r a c t o r y   c e m e n t ,   and  a p p l y i n g  

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

l i n i n g   o v e r   t h e   s e c o n d   c o n c a v e   l o c k i n g   s e c t i o n   of  t h e  

a n c h o r .  

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

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

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

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

c e m e n t e d   i n t o   a  h o l e   in  t h e   l i n i n g   and  a  s e c o n d   c o n c a v e  

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

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

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

a  p l u n g e r   t u b e   a d a p t e d   to  f i t   i n s i d e   t h e   c h a r g i n g   t u b e  

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

i n g   t u b e   and  i n t o   a  h o l e   in  t h e   l i n i n g ,   and  a  g a s k e t  

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

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

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

h o l e .  

The  i n v e n t i o n   i s   f u r t h e r   d e s c r i b e d ,   by  way  o f  

e x a m p l e ,   w i t h   r e f e r e n c e   to   t h e   a c c o m p a n y i n g   d r a w i n g s  

in  w h i c h :  

F i g .   1  i s   a  c r o s s - s e c t i o n   t h r o u g h   a  f u r n a c e  

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

i n g   l a y e r ,  

F i g .   2  i s   a  s i d e   v i e w   of   t h e   a n c h o r ,  

F i g .   3  i s   an  end  v i e w   of   t h e   a n c h o r ,  

F i g .   4  i s   a  c r o s s - s e c t i o n   s h o w i n g   t h e   a n c h o r ,  

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

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

F i g .   5  i s   a  c r o s s - s e c t i o n   s h o w i n g   t h e   a n c h o r ,  

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

R e f e r r i n g   now  to  F i g u r e   1,  r e f e r e n c e   n u m e r a l   2 

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

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

f u r n a c e   r o o f .   L i n i n g   2  i s   s e c u r e d   to   s t r u c t u r a l   I - b e a m s  
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4  ( p a r t i a l l y   shown)   by  m e a n s   of  d e n s e   f i r e c l a y   or   h i g h -  

a l u m i n a   a n c h o r s   6  a t t a c h e d   to   t h e   I - b e a m s   4  by  m e t a l  

h a n g e r s   8.  T h i s   i s   a  t y p i c a l   r e h e a t i n g   f u r n a c e  r o o f  

i n s t a l l a t i o n ;   t h e   s i d e w a l l   l i n i n g s   a r e   c o n n e c t e d   t o  a  

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

( n o t   shown)   in  a  s i m i l a r   m a n n e r .  

A  r e f r a c t o r y   a n c h o r   10  has   a  c e n t e r   b u l g e  

s e c t i o n   12,  a  b u l b o u s   s e c t i o n   14  on  e a c h   end  and  a  

c o n c a v e   l o c k i n g   s e c t i o n   16  b e t w e e n   c e n t e r   b u l g e   s e c t i o n  

12  and  e a c h   b u l b o u s   end  s e c t i o n   14.  As  shown  in  F i g .   1 ,  

t h e   a n c h o r   10  i s  i n s e r t e d   in  a  h o l e   18  in  t h e   l i n i n g   2 
r 

and  one  end  i s   h e l d   in  p l a c e   by  a  q u a n t i t y   of  l i g h t  

w e i g h t   f i n e   g r a i n e d   c a l c i u m - a l u m i n a t e   c e m e n t   20  i n  

r e f r a c t o r y   l i n i n g   2  and  t h e   o t h e r   end  i s   a n c h o r e d   in  a n  

i n s u l a t i n g   r e f r a c t o r y   c o a t i n g   2 1 .  

R e f e r r i n g   now  to   F i g s .   4  and  5,  r e f e r e n c e   n u m -  

e r a l   22  d e s i g n a t e s   a  c h a r g i n g   t u b e ,   and  r e f e r e n c e  

n u m e r a l   24  d e s i g n a t e s   a  p l u n g e r   t u b e   w h i c h   f i t s   i n s i d e  

t h e   c h a r g i n g   t u b e   22.  An  o u t e r   g a s k e t   26  f i t s   a r o u n d   t h e  

u p p e r   end  of  t h e   c h a r g i n g   t u b e   22.  A  g a s k e t   28  f i t s  

i n s i d e   c h a r g i n g   t u b e   22,  r e s t s   on  t o p   of  p l u n g e r   t u b e   2 4 ,  

and  has   a  h o l e   30  s l i g h t l y   s m a l l e r   t h a n   t h e   c e n t e r   b u l g e  

s e c t i o n   12  of  a n c h o r   1 0 .  
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To  i n s t a l l   t h e   a n c h o r   10,  a  h o l e   18  i s   d r i l l e d  

i n t o   l i n i n g   2.  Ho le   18  d o e s   n o t   n e e d   to   p a s s   t h r o u g h  

l i n i n g   2,  b u t   a s s u m i n g   a  l i n i n g   9  to   13  i n c h e s   t h i c k ,   a n d  

an  a n c h o r   10  a b o u t   4  i n c h e s   l o n g   w i t h   t h e   c e n t r a l   b u l g e  

a b o u t   1 - 3 / 8   i n c h e s   in  d i a m e t e r ,   h o l e   18  w o u l d   be  p r e f e r -  

a b l y   1 - 1 / 2   i n c h e s   in  d i a m e t e r   and  a b o u t   t h r e e   i n c h e s  

d e e p .   A  r o t a r y   hammer   d r i l l ,   or   i m p a c t   d r i l l   w i t h   a  

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

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

r e c e p t a c l e   f o r   a n c h o r   10  and  c e m e n t   2 0 .  

The  a n c h o r   10,  g a s k e t   28  and  t u b e s   22  and  24  

a r e   a s s e m b l e d   as  shown  in  F i g .   4.  The  i n n e r   d i a m t e r   o f  

t u b e   22  i s   p r e f e r a b l y   j u s t   s l i g h t l y   l a r g e r   t h a n   t h a t   o f  

t h e   h o l e   18.   Tube  24  f i t s   i n s i d e   t u b e   22,   and  g a s k e t   28  

is   p l a c e d   on  t h e   end  of   t u b e   24.  G a s k e t   28  i s   p r e f e r -  

a b l y   of  w a x e d   c a r d b o a r d   and  may  be  s p l i t   f o r   e a s y   r e m o v a l .  

A n c h o r   10  i s   p l a c e d   in  h o l e   18  w h i c h   i s   s l i g h t l y   s m a l l e r  

t h a n   c e n t e r   b u l g e   s e c t i o n   12.  O u t e r   g a s k e t   26,  of   a n y  

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

t u b e   22.  The  c a v i t y   in  t u b e   22  i s   t h e n   f i l l e d   w i t h   a  

l i g h t   w e i g h t   f i n e - g r a i n e d   f i r e c l a y   c a s t a b l e   20,   s u c h   a s  

a  c a l c i u m - a l u m i n a t e   c e m e n t .   The  a s s e m b l y   i s   t h e n   p o s i -  

t i o n e d   o v e r   h o l e   18  and  p l u n g e r   t u b e   24  moved   in  t h e  

d i r e c t i o n   of  a r r o w   32  w h i c h   p l a c e s   t h e   a n c h o r   and  c e m e n t  
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in  t h e   p o s i t i o n   shown  in  F i g .   5.  G a s k e t   26  p r e v e n t s  

l e a k a g e   as  p l u n g e r   t u b e   2 4 ' a n d   g a s k e t   28  p r e s s   t h e   c a s t -  

a b l e   20  i n t o   h o l e   1 8 .  

C e m e n t   20  s h o u l d   be  v i s c o u s   e n o u g h   to  s u p p o r t  

t h e   a n c h o r   10  when  t h e   a n c h o r   i s   i n s e r t e d   i n t o   h o l e   1 8 .  

The  p o r o s i t y   of  l i n i n g   2  c r e a t e s   c a p i l l a r y   a c t i o n ,   d r a w -  

i n g   w a t e r   o u t   of  c e m e n t   20  to   i m p r o v e   i t s   s t a y i n g   p o w e r  

w h i l e   t h e   c e m e n t   h a r d e n s .   P r e - w e t t i n g   t h e   h o l e   may  b e  

n e c e s s a r y   i f   t h e   r e f r a c t o r y   2  i s   t o o   p o r o u s .   When  t h e  

c e m e n t   has   s e t ,   g a s k e t   28  i s   r e m o v e d   and  d i s c a r d e d .  

The  d e s c r i p t i o n   and  d r a w i n g   have   shown  t h e  

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

e v e r ,   i f   a  l a r g e   r o o f   a r e a ,   or  t h e   e n t i r e   r o o f   a r e a   i s  

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

12  to   18  i n c h e s   a p a r t .   F u r n a c e   s i d e w a l l s ,   e x c e p t   p o r -  

t i o n s   of  h i g h   w a l l s ,   r a r e l y   r e q u i r e   a n c h o r i n g .   When 

a n c h o r s   a re   r e q u i r e d   on  t h e   s i d e   w a l l s ,   t h e y   a r e  

i n s e r t e d   in  t h e   same  m a n n e r   and  s p a c e d   a p a r t   a b o u t   t h e  

same  as  d e s c r i b e d   f o r   t h e   f u r n a c e   r o o f .  

B e f o r e   any  a n c h o r s   a r e   s e t   in  p l a c e   or  a n y  

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

s h o u l d   be  c l e a n e d   and  any  d e p o s i t s   or  l o o s e   c r u m b l y  

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

( f o r   e x a m p l e   a  c a l c i u m - a l u m i n a t e   c e m e n t   w i t h   c o a r s e  

a g g r e g a t e   w e i g h i n g   60  p o u n d s   p e r   c u b i c   f o o t )   r e q u i r e s  
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a  c a r e f u l   w a t e r   m i x ,   i t   i s   i m p o r t a n t   t h a t   t h e   s u r f a c e  

p o r o s i t y   be  c o n s i d e r e d   in  a t t e m p t i n g   to  make  a  m a x i m u m  

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

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

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

a p p l i e d .  

A n c h o r   10  i s   c o m p o s e d   of  a  r e f r a c t o r y   m a t e r i a l  

h a v i n g   s u i t a b l e   h o t   s t r e n g t h .   G e n e r a l l y ,   a  f i n e - g r a i n e d ,  

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

40%  to  95%  a l u m i n a   and  t h e   b a l a n c e   s i l i c a .  , I t   may  b e  

c a s t   or   p r e s s e d   to   s h a p e   and  i s   p r e f i r e d .   The  b u l b o u s  

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

c a v e   s u r f a c e s   l o c k   t h e   a n c h o r   to  t he   c o a t i n g   and  t o  

t h e   o r i g i n a l   f u r n a c e   l i n i n g   and  t h e   b u l g i n g   c e n t e r  

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

t h e   c e m e n t   20  in  p l a c e   d u r i n g   i n s e r t i o n   of   t h e   a n c h o r  

and  s e t t i n g   o f   t h e   c e m e n t .  
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1.  A  m e t h o d   of   a n c h o r i n g   a  r e f r a c t o r y   m a t e r i a l  

to   a  r e f r a c t o r y   l i n i n g ,   c h a r a c t e r i z e d   b y  

m a k i n g   a  h o l e   (18)  in   t h e   r e f r a c t o r y   l i n i n g  

( 2 ) ,  

i n s e r t i n g   a  r e f r a c t o r y   a n c h o r   (10)  i n t o   t h e  

h o l e   (18)  w i t h   a  f i r s t   c o n c a v e   l o c k i n g   s e c t i o n   (10)  o f  

t h e   a n c h o r   (10)  i n s i d e   t h e   h o l e   (18)  and  a  s e c o n d  

c o n c a v e   l o c k i n g   s e c t i o n   (16)  of   t h e   a n c h o r   (10)  o u t s i d e  

t h e   h o l e   ( 1 8 ) ,  

f i l l i n g   t h e   h o l e   (18)  w i t h   a  r e f r a c t o r y   c e m e n t  

( 2 0 ) ,   a n d  

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

m a t e r i a l   (21)  to   t h e   l i n i n g   (2)  o v e r   t h e   s e c o n d   c o n c a v e  

l o c k i n g   s e c t i o n   (16)  of   t h e   a n c h o r   ( 1 0 ) .  

2.  A  m e t h o d   a c c o r d i n g   to  c l a i m   1,  c h a r a c t e r -  

i z e d   by  w e t t i n g   t h e   h o l e   (18)  p r i o r   to  f i l l i n g   t h e   h o l e  

(18)  w i t h   c e m e n t   ( 2 0 ) .  

3.  A  r e f r a c t o r y   c o v e r i n g   f o r   a  f u r n a c e ,  

c h a r a c t e r i z e d   b y  

a  r e f r a c t o r y   l i n i n g   ( 2 ) ,  
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a  p l u r a l i t y   of   s p a c e d   a p a r t   r e f r a c t o r y  

a n c h o r s   ( 1 0 ) ,  

e a c h   r e f r a c t o r y   a n c h o r   (10)  h a v i n g   a  f i r s t  

c o n c a v e   l o c k i n g   s e c t i o n   (16)  c e m e n t e d   i n t o   a  h o l e   ( 1 8 )  

in   t h e   l i n i n g   (2)  and  a  s e c o n d   c o n c a v e   l o c k i n g   s e c t i o n  

(16)  p r o j e c t i n g   o u t w a r d   f r o m   t h e   l i n i n g   (2)  a n d  

a  l a y e r   of   c e m e n t i t i o u s   r e f r a c t o r y   m a t e r i a l  

(21)   c o v e r i n g   t h e   l i n i n g   (2)  and  t h e   p r o j e c t i n g   a n c h o r  

s e c t i o n s   ( 1 6 ) .  

4.  A p p a r a t u s   f o r   p l a c i n g   a  r e f r a c t o r y   a n c h o r  

in   a  r e f r a c t o r y   l i n i n g ,  c h a r a c t e r i z e d   b y  

a  c h a r g i n g   t u b e   (22)  f o r   h o l d i n g   a  q u a n t i t y  

of   r e f r a c t o r y   c e m e n t   (2)  and  a  p o r t i o n   (14 ,   16)  of   a  

r e f r a c t o r y   a n c h o r   ( 1 0 ) ,  

a  p l u n g e r   t u b e   (24)  a d a p t e d   t o   f i t   i n s i d e   t h e  

c h a r g i n g   t u b e   (22)  f o r   p r e s s i n g   t h e   c e m e n t   ( 2 0 )   a n d  

t h e   a n c h o r   (10)  o u t   of   t h e   c h a r g i n g   t u b e   (22)  and  i n t o  

a  h o l e   (18)  in  t h e   l i n i n g   ( 2 ) ,   a n d  

a  g a s k e t   (28)  f i t t e d   i n s i d e   t h e   c h a r g i n g   t u b e  

(22)  and  o v e r   t h e   end  of   t h e   p l u n g e r   t u b e   (24)  f o r   h o l d -  

i n g   t h e   c e m e n t   (20)  and  t h e   a n c h o r   (14)  i n t o   t h e   h o l e  

( 1 8 ) .  
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5.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   4,  c h a r a c -  

t e r i z e d   by  an  o u t e r   g a s k e t   (26)  s u r r o u n d i n g   t h e   c h a r g -  

i ng   t u b e   (22)  so  as  to   c o n t a c t   t h e   l i n i n g   (2)  f o r  

c o n f i n i n g   t h e   c e m e n t   (2)  to   t h e   c h a r g i n g   t u b e   (22)  a n d  

h o l e   (18)  when  p r e s s i n g   t h e   c e m e n t   (2)  and  t h e   a n c h o r  

(10)  i n t o   t h e   h o l e   ( 1 8 ) .  
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naar. rnINz zu wwnnsrnm, or NEcmnenMüNn, einem. . 

CASING FOB» " 

Macnee. l 
Speciñcation of Iietters Patent. 

RMT-FURNACES. 

Araten-.ea may 25,1915. 
applicati@ inea July 1s, 1913; serial nu. 779,824. 1 

To all whom ¿t may concern: 
Be it known that I, KARL PRINZ ZU 

LöwnNs'rnIN, a citizen of the German Em' 
pire, residing' at Neckargemünd, in the 
GrandDukedom of Baden, Germany, have 
invented certain new and useful Improve 
ments in Casings for Downdraft-Furnaces; 
and I do hereby declare the following to be 
a full, clear, and exact description of the in 
vention, such as will enable others skilled in 
the art to which it appertains to make and 
use the same. ~ ` 

This invention has for its object a frame 
or casing for the ñrebrick masonry of the 
combustion chambers of furnaces with ¿a 
bottom Hue. The casing enables very thin 
masonry to be employed in order to reducey 
>as ~far as possible the weight of the ap 
paratus. 
The furnace shell must, in order to avoid 

too rapid a destruction of the thin flrebrick 
lining, prevent the masonry becoming too 

­ highly heated, that is to say, must cool it, 

25 

v3.5 

40 

5@ 

55 

utilizing the heat withdrawn. Further, the 
casing must also be able to absorb the heat 
flowing through the masonry, in order that 
loss of heat may not take place. The casing 
itself must also be of rigid construction, and 
afford themasonry built in it a secure hold 
and a good anchorage, and it must also be 
simple in construction', cheaply made, andl 
quite safe, so that on any portion of the 
casing becoming defective no danger is in 
volved in working the apparatus. Finally, 
the casing must be durable in working, that 
is to say it must not become stopped with 
boiler scale in' a short time, which would 
prevent a circulation of the cooling fluid. 
The tubular frame or casing according to 

this invention entirely fulfils the above-men- ­ 
tioned requirements, and for this purpose 
consists of` a number of continuous pipes ar 
ranged close together, in which pipes the 
same liquid constantly circulates. 
The ­pipes may be combined into groups 

composed of‘any suitable number of pipes, 
each tubular elementbeing connected bylan 
up and down pipe with a cooling coil or the 
like which is located in a steam-boiler or 
_other cooling vessel and by means of which 
the heat absorbed from the (pipes of the cas- ` 
ing or frame is transmitte to the cooling 
vessel and made available in the latter. 
The invention will now be more particu 

larly described with reference to the accom 

panying drawings in which one form of 
construction is illustrated as an example. 
F1gure 1 is a longitudinal section of a 

furnace flue provided with the improved 
casing or shell, á number of the pipes being 
combined into o_ne tubular element; Fig. 2 
is a cross section of the furnace Hue; while 
Fig. 3 is a perspective view of the arrange 
ment of the shell. p . 
The furnace flue a is lined with a thin 

layer of ñre brick masonry b, and this ma 

60 

65 

sonry, according to' this mvention, is sur~ p 
rounded by a casing or frame consisting of a 
number of continuous pipes c lying closely ' 
together. IThe separate pipes may be com' 
bined. in any suitable number to form tu 
bular elements in which the same cooling 
liquid constantly circulates. This absorbs 

70 

the heat passing -through the masonry b , 
and thus cools the latter. The heated liquid 
rises through the pipe d’and flows through 
a cooling coil f placed in a steam boiler g 
or the like, to the water ofl which it imparts 
its heat. , ’ 

The cooled liquid Hows back again to the 
same tubularelement through the down pipe 
e inorder to _re-commence the same circula 

'- tion. The combination of a number of pipes 
into a tubular element has the advantage of 
a considerable saving „of wei 'ht and a 
cheaper construction ofthe cooling portion 
of the tubular element, and further a con 
siderable stiffening ofthe element itself is 
obtained, whereb the Íirebrick masonry 
built therein obtalns a secure hold. 
The way in which the pipes are combined 

>with one another’ to form tubular elements 
and also the particular construction of the 
cooling arrangement is immaterial as re 
gards the essential feature of the invention. 

I declare that what Í claim is : 

75 

80 

85 

95 

1. In a water-cooled furnace, the com- ' 
bination of a thin lining of refractory brick 
masonry; a plurality of'closely spaced pipes 
surrounding said lining in contact there 
with; upper and 'lower conduits above and 
below said linin and connecting the pipes 
in groups; a circulation pipe connecting 
each upper conduit with the corresponding 
lower conduit; and a heat exchange device 
associated with the circulation pipe. 

2. In a water-cooled casing for refractory 
masonry for furnaces, the combination of a 
>plurality of groups of pipes lying close to 
gether; conduits connecting one group of 

100 

s105 

110 
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pipes with another; and a heat exchange de-v 
vice in the conduits. 

3.' In a waterv'cooled lfurnace, the com 
bination of a thin lining of refractory ma 
terial; a plurality of closely spaced water 
conducting pipes surrounding said lining in 
contact therewith and a heat exchangecde 
Vice connected with said pipes. 

4. In a water-cooled furnace,_ the cohi 
bination of a thin lining 'of refractory ma 
terial; and a pluralityl of closely spaced 

1,140,9oá 
water conducting pipes surrounding said 
lining in contact therewith, said pipes and 
device forinin‘g a closed system through 
which the same water circulates repeatedly. 15 
In testimony whereof I aÍHX my signature, 

in presence of two witnesses. 

, KARL PRINZ zu LÖWENSTEIN. 

Witnesses : ` ‘ 

WALTER SCHWARBACH, 
PAULINE MÜILER. 
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1,219,970. Speci?cation of Letters Patent. Patented Mar. 20, 1917.. 
Application‘ ?led. July 11, 1916. serial No. 108,738. 

To all whom it may concern: 
Be it known that I, 

Lownrrs'rrima subject of the German Em-' 
peror, and resident of Kleingemiind, near 
Neckargemiind, Germany, have invented 
new and useful Processes for Converting 
Steam Heat of a Liquid into Motive Force, 
of which the following is a speci?cation. 
The object of the invention is to convert 

the steam heat present in a liquid including 
the socalled latent heat into motive force. 
This is achieved by allowing the steam to 
work as usual but particularly using it more 
as a heat carrier, causing thesteam- toim 
part its heat to a gaseous elastic body'such 
as a gas or steam, preferably a 'lngh_com— 
pressed gas, during con?ned or checkedex-I 
pansion. This gas the pressure of which 
has been increased by the heat admitted, is 
caused to do work in the work-ihg‘cylinder 
of a motor, thereby converting'the heat of 
the gas into work. ' . _‘ g 

If atmospheric air, or, ‘for _~pract1cal 
reasons, preferably high compressed air 
from a compressed air containernis admit: 
ted into the cylinder of a motor, say for 
instance up to about a quarter of the piston 
stroke and if‘then the supply is cut off and 
steam introduced to such an amount that 
the’ temperature of the gas inithe cylinder 
increases, say to a temperature of about 100 
degrees higher than that existing in the 
compressed air container, the mixture of air 
and steam will have a pressure of about étO % 
higher than that in the compressed air con 
tainer. If this mixture of air and steam is 
caused to expand and to do work, all the 
steam of the mixture will be condensed in 
consequence of the conversion of the steam 
into work. The heat of the steam and also 
the latent heat as well as a part of the heat 
of the condensed liquid’ will thereby be 
transferred to 'the compressed air and will 
in this manner be converted into motive 
force. ' 

In practice the process may becarried out 
with advantageif the same compressed air 
is used again and again. For instance, com 
pressed air of aboutv l2 atmospheres is kept 
in a container. Of this air an amount is 
admitted into the cylinder which will ?ll 
the latter to about a quarter of its contents; 
then the supply is cut off and steam is in—' 
troduced to such an extent, that the mixture 
will have a temperature of about 100 de 

. gross or more higher than that of the air 

KARL PRINZ 7U. The _mixture of air and steam in the cylin 
der is then caused to expand and do work. 
The steam admitted must have a pressure 
at least as high as that present in the com 
pressed air container. At the end of the 
stroke the temperature will be much lower, 
because heat has been consumed'while per? 
forming work. The ?nal temperature in 
the most favorable’ case will again be equal 
totha-t existing in the compressed air con 
talner. ' ' ' 

The compressed air charge is not'allowed 
to exhaust‘ but the same cycle is repeated 
at the opposite side of the piston. The ex 
panded gas charge is thereby compressed 
by the returning pistonv'and in order not'to 
‘increase its heatby the compression, cool~ 
ing water is injected. After the air has 
been compressed 1n the very quarter of the 
cylinder which it ?lled originally it is re 
leased to flow to the'compressed air’ con 
tainer. The, charges 1_ and 2 of the com 
pressed air absolutely counter-balance each 
other and the work performed, with one 
charge is used for expelling the preceding 
charge and pressing it to the compressed 
air container. Practically the compression 
may take place ina second cylinder coupled 
with'the first cylinder. 

Instead of using steam high heated water 
may be injected directly into the compressed 
air charge. A part of this injected liquid 
will during expansion be converted into 
steam and then again condensed, but other 
wise the liquid acts as steam. ' - 

_ In the drawing forming part of this 
speci?cation, the ?gure is a diagrammatic 
view, partly in elevation and partly in sec 
tion, of an apparatus for carrying out the 
above process. ' r ' V . 

Referring more particularly to this draw 
. ing', 1 designates acompressed air ‘tank com 
municating 'with‘the chambers 2 and 3 to 

‘contained in the compressed air container. ‘ 

60' 

65 

79 

90 

95 

opposite sides of the piston it by a pipe 5. ' 
Passage of thecompressed air to the cham~ - 
bers 2 and Sis under the control of valves 
6 and 7 respectively,~operated by any suit 
able means. 7 ' >_ ' 

At 8 is indicated a steam'boiler or source 
of hot water supply, and which is in con- - V 
nection through a pipe 9 with the’ chambers 
2 and 3; passage throughrsuch pipe 9 being ' 
under the control of valves 10 and 11. > 
Cold water from a tank 12 is admitted to 

the chambers 2 and 3 through pipes 13 andv 
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14, under the control of valves 15 and 16, 
and sprayed thereinto in ?ne jets through 
nozzles 17 and 18. The other engine parts 
necessary to an understanding of the pres 
ent invention are indicated diagrammati 
cally in the drawings, and will be clear to 
those skilled in this art. 
In the drawings, the piston 4 has been 

shown as advanced substantially a fourth 
of its stroke in the chamber 2, and the 
valve 6 indicated as closed. Compressed 
air from the tank 1 and through the pipe 
5 having been admitted to the chamber 
2 during the initial travel of the piston at, 
the valve 6 has now been closed and the 
valve 10 opened to permit steam or other 
carrier of heat to issue through the. pipe 
9 and into the chamber 2, so that it will be 
compressed together with the air therein 
upon the further travel of the piston 4; the 
transfer of heat thereupon taking place and 
the expansion of the ?uids developing 
power all in the manner as above fully ce 
scribed. 
On the reverse movement of the piston e 

the same action takes place in the chamber 
3, the valves 7 and 11 being actuated to 
open and close at the same period. 
As described in lines 69 to 86 page 1 of 

this speci?cation, the expanded charge is 
not exhausted but is compressed in the re 
spective chambers on the return motion of 
the piston a, and, in order to prevent rais 
ing the temperature of such charge by com 
pressing, the valves 15 and 16 will be so 
timed as to permit the entrance of water 
from the tank 12, which will be sprayed 
through the nozzles 17 and 18 in ?ne jets 
and absorb the heat of compression. After 
the charge has been compressed su?iciently, 
the valves 6 and 7 will be opened to permit 
the same to be forced back through the pipe 
5 into the tank 1, where it will be stored for 
further utilization. 

I claim :—— 
1. The process substantially as described, 

which consists in supplying a compressed 

fluid to an engine, admitting a heat carrier 
to said engine, allowing the ?uid and heat 7 
carrier to expand, causing the fluid‘ to ab 
sorb the heat of said carrier, and ?nally re 
compressing the fluid and returning it to its 
source of supply. 

2. The herein described process for de 
veloping motive power, consisting in sup 
plying a compressed fluid and a heat car 
rier to an engine, allowing the fluid and 
heat carrier to expand and develop power, 
re-compressing the ?uid after expansion, 
supplying a cooling agent during the re 
compression, and returning the re-com 
pressed fluid to its source of supply, sub 
stantially as described. 

3. A process for converting the steam 
heat of a liquid into motive force, consist 
ing in admitting compressed gas into a 
working space, cutting olf the gas supply, 
admitting steam to the gas con?ned in the 
working space, allowing the steam to con 
dense, using the latent heat of said steam 
to increase the heat of the compressed gas, 
causing the gas to perform work and escape 
to the gas supply. . 

4. A process for converting the steam 
heat of a liquid into motive force, consist 
ing in admitting compressed gas into a 
working space, cutting off the gas supply, 
admitting steam to the gas con?ned in the 
working space, allowing the steam to con— 
dense, using the latent heat of said steam to 
increase the heat of the compressed gas, 
causing the gas to perform work, and using 
said charge of gas to expel the preceding 
charge out of the working space and press 
it to the gas‘ supply again. . 
In testimony, that I claim the foregoing 

as my invention, I have signed my name in 
presence of two witnesses, this twenty 
eighth day of February 1916. 

KARL PRINZ zu LllWENSTEIN. 

VVitnesses': 
HENRY HAsrER, 
ALLEN F. JENNINGS. 

Copies of this patent may be obtained for ?ve cents each, by addressing the “Commissioner of Patents, 
Washington, D. C.” ‘ 
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STATES PATENT OFFIC. 
l,460,0 

m1. rnmz zu Lownns'rnm, or BERLIN, Grammar. 

APPABATUSFOR THE SEMICOKING 0]? GOAL, SLATE, OR OTHER BITUMINOUS 
' ' SUBSTANCES. ' ' . * 

Application ?led August 22, 1921. Serial No. 494,213. 

To all whom it may concern: ‘ 
Be it known that I, KARL PRINZ ZU 

Lownns'rnm, citizen of the German Repub 
lic, and residin at No. 11 Lutzow-Ufer,_ in 
the city of Ber in, in the Republic of Ger 
many, have invented certain new and useful 
Improvements in Apparatus for the Semi 
coking of Coal, Slate, or Other Bituminous 
Substances, of which the following is a 
speci?cation. , 

This invention. relates to the semi-coking 
of coal, slate, and other bituminous sub 
stances ‘and consistschie?y in the combina 
tion of a horizontal rotary disk with a hood 
arranged above it, heating-means provided 
below it, and a scraper arranged within the 
hood and upon the disk. The substance to be 
coked is conducted to and upon the disk in 
such a manner that it forms an annular layer 
which is rotated by means of, and together 
with, the rotating disk, the speed of which 
is such that the material carried round is 
semi-coked during one revolution, the semi 
coking bein completed when the material 
arrives at e scraper in order to‘be con 
ducted off theldisk and out of the apparatus. 
The substance to be treated forms a thin 
layer upon the rotary disk, andthe rim of 
this latter which carries that layer is heated 
from below, asis more fully described here 
inafter in connection with the drawing. 
The novel construction of the apparatus 

for semi-coking coal etc. and the novel man 
ner of working made possible by it, ‘offer 
several advantages. First of all, the ma 
terial to be semi-coked does not stick fast to 
the heated surface and does not agglomerate 
in itself, so that {no interruption of the 
procedure by reason of such occurrences takes 
place and consequently; a'continuous service 
is warranted. .The expenditure of power 1s 
very small, the wear and tear of the working 
parts is dlminished to a minimum, and no 
dust is produced because the coal or other 
substance under treatment is at ‘rest whilst 
being carried ro'und ‘over the furnace or 
other heating means. Also the, saving of 
time resulting from the novel construction 
and manner of working is valuable, further 
more the smallness of the space required, the 

l more, as a plurality of the rotary disks may 

5 

be arranged one above the other or others. 
In order to make my invention more clear, 

‘I refer to the accompanying drawing which 
shows by way of example a form of con 

struction of the apparatus having but one 
rotary disk and a furnace below it, and in 
which Figure 1 is a vertical section through 
this apparatus and Figure 2 is a plan of the 
parts visible after the hood has been re 
moved. \. 

60 

The rotary disk 0. is affixed to the upper ‘ 
'end of a vertical shaft arranged below its 
centre and driven by any suitable means 
with such a speed as appropriate to the pur 
pose. Above the disk a is a hood‘carrying I 
a shaft-like tube servin for conducting the 
material to be treate to the disk. The 
lower end of the shaft or tube terminates 
shortly above the'upper surface of said disk 
so that the material carried away upon the 
disk forms a thin annular layer, the thick 
ness" of which depends upon the distance of 
(tiheklower edge of the shaft or tube from the 
1s .- . 

Below the disk at is, in the example shown, 
a furnace, preferably of circular or annular 
shape, having an annular heating channel 72. 
located below the rim of the disk (1. The 
hot gases coming from any source are led 
through the channel so as to heat especially 
the rim of the disk at. 
The space above the disk is closed by a 

liquid metal-seal formed by an annular basin 
supported by the outer part of the furnace 
and containm'g a suitable metal such as tin 
or lead when in their molten state. The rim 
of the hood e dips into the metal f, as does 

' also a ?ange d attached to’the lower surface 
of the disk a. The annular basin is. not 
completely closed, but interrupted by a pas- ' 
sage i through which the material treated 
is led out of the ap aratus. The passage 5 
lies close to the'sha t or tube b, in front of 
it with respect to the direction of rotation 
of the disk, and radially inwards from it is 
a scraper c, the lower edge of which is in 
contact with the upper surface of the disk 
and scrapes the'material treated off the disk 
and conducts it to and through the passage 2' _ 
before the fresh material is fed upon the 
disk through the shaft or tube 6. 
The vapors or gases arising during the 

coking operation are collected in‘ the hood e 
and sucked o?_in known manner and by 
known means through the pipe 9. 

_. Having now described my invention, what 
I desire to secure by a Patent of the United 
States is: V ' ‘ 

1. An apparatus of the character de 
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scribed vcomprising in combination a hori-p 
.zontally arranged disk, means for housing 
said disk, means for rotating said disk, an 
annular heatin channel arranged below 
said disk where y heat may be applied di 
rectly to the lower face of said disk and a 
feedin tube arranged above said disk sub 
stantia 1y as and for the purpose speci?ed. 

2. An apparatus for semi-coking coal, 
slate and other bituminous substances, com~ 
prising in combination a rotary disk, a hood 
for completely housing the upper face of 
said disk, means for supplying. heat directly 
to the lower face of said disk, a feeding tube 
extending through'said hood and terminat 
ing in spaced relation to the upper face of 
said disk, and an outlet leading. from the 
central portion of the hood, substantially as ' 

~ and for the purpose speci?ed. 
20 

25 

.30 

3. An apparatus for semi-coking coal, 
slate and other bituminous substances, com 
prising, in combination, a rotary disk, a 
hood for completely housing the upper face 
of said disk, a furnace arranged below 'said 
disk, an annular heating channel commu 
nicating with said furnace/whereby the heat 
arising therein will be directed to the lower 
face of said disk, a feeding tube arranged 
adjacent the periphery of said'disk and a 
scraper arranged adjacent said feeding tube 

1,460,024 

and adapted to rest upon the upper face of 
said disk substantially as and for the pur-' 
pose speci?ed. - 

4. An ap' aratus for semi-coking 'ooal, 
slate and ot er bituminous substances, com-, 
prising, in combination, a furnace, an an 
nular heating channel arranged in said fur 
nace, a horizontally arranged disk positioned 
above said furnace whereby the outer pe 
ripheryf thereof will extend above said an 
nular-heating channel, an annular basin 
arranged above said furnace containing a 
molten metal, a ?ange formed with said disk 
and adapted to extend within the molten 
metal in said basin, a hood extending over 
said disk, a rim formed with said hood and 
adapted to extend within the metal arranged 
in said basin, a feeding tube extendmg 
through said hood and terminating adjacent 
the upper face of said disk, and a scraper 
arranged upon the upper face of said disk 
substantially as and for the purpose 
speci?ed. ' A , 

In testimony whereof I- a?ix my signature 
in presence of two witnesses. 

KARL PRINZ ZU LoWENsTEIN. 
Witnesses: _ I 

EMIL STEIN, 
' = A, PoHL. 
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UNITED STATES 

_; 1,622,896 

PATENT OFFICE. 
KARL PRINZ zU LÖWENSTEIN, OF BERLIN, GERMANY. 

DEVICE FOR DRILLING 0R CHISELING- AVJAY ROCK. 

Application filed October 17, 1925. 

This invention relates toa device for dril1~ 
ing rock or for chiseling it away. In this 
device a liquid, generally water, is enclosed 
in a tube which is closed and packed at both 

5 ends and into which extend from both ends, 
through the packings, pistons, of which one 
receives the outer blows and transmits them 
to said liquid which then transmits the blows 
to the other piston and to the drill or chisel 

10 attached thereto. The object of the inven 
tion is to render the latter blows as hard 
as possible in order to increase the effect of 
the drill or chisel, and the invention con 
sists in certain means provided for this 
purpose. ' 

Now to attain the effect in View, the two 
pistons extend freely into the chamber 
filled with liquid, and the projecting part of 
each piston is enclosed in an elastic bag 

20 closed at its inner end where it covers the 
respective piston, and consisting of rubber 
or the like, so as to be extensible, and being 
secured at its other end firmly between the 
cylinder wall or, more precisely, an internal 
annular shoulder thereof and a guide-mem 
ber for the respective piston. The inwardly 
projecting part of each tubular bag is sur 
rounded with the liquid enclosed in the cyl 
inder and cannot, therefore, give way lat- 
erally, or bend in any way, so that the blows 
are transmitted without any decrease of 
strength. 
My invention is illustrated diagrammat 

ically and by way of example in the accom 
panying drawing` in which the improved de 
vice is shown in vertical section. It is con 
structed as follows: 
The metallic cylinder or tube er is closed 

at its ends by metallic plugs j j', the inner 

25 

30 

3 

Serial No. 63,104. 

ends of which are conical, as shown. The 
tube a is provided with internal annular 
shoulders a’ a2, each of which is so shaped 
as to correspond to the conicalness of said 
shoulders. The pistons d and cl’, of which 0l 
receives the blows at its outer end, whereas 
al’ receives them at its inner end by the in 
termediary of the liquid c which fills up 
completely the interior of the tube 0„ extend 
axially through the plugs j _7" and terminate 
at some distance from one another, as shown. 
The pistons (l cl’ are enclosed in bags o 7)’ 
of rubber or the like, and the open ends 
of the bags are enlarged conically in such 
a» manner as to fit accurately between the 
plugs and the shoulders described. z' and z" 
denote these enlarged part-s of the bags; 
these parts form at the same time packings 
for the tube or cylinder and the pistons. 
It is obvious that the bags cannot give way 
laterally, in consequence whereof the trans 
mitted blows are harder than otherwise. 

I claim: ‘ 

A device for drilling or chiseling away 
rock, comprising, in combination, a tube hav 
ing a chamber formed therein, packed stop 
pers each having a. bore therein arranged 
within the opposite ends of said tube, pis 
tons extending through the bores of said 
Stoppers into the chamber formed within 
said tube, the tube adapted to be lilled comf 
pletely with a liquid; and elastic bags en~ 
closing the inwardly project-ing parts of 
said. pistons and being fastened at their 
other ends, substantially as set forth. 
In witness whereof I have hereunto set 

my hand. 

KARL PRINZ ZU LÖwENsTEIN. 
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Patented Mar. 1, 1932 1,847,617 

EE'D STATES PATENT OFFICE 
:1 i, :7‘ PRLINZ 2U LilWENS'I‘EIN AND WILHELM MU'LLER, OI‘ BERLIN, GERMANY; OLGA. 

PBINZESSIN ZUR LIPPE, EXECUTRIX OF SAID KARL PRINZ zv LilWENSTEIN, IDE 
OEASED; ASSIGNOBS TO HIRSCH, KUPFER' UND MESSINGWEBKE AKTIENGESELL 
SCHAFT, 0F FINOW (MARK), GERMANY 

HARD ALLOY 

Ho Drawing. Application ?led December 11, 1828, Serial No‘. 825,404, and in Germany February 11, 1928. 

In the last decades a number of alloys of 
iron with carbon, tungsten and mol bdenum 
distinguished by their unusual har ess and 
heat, stableness has become known. These 

5 alloys represent,- therefore, an excellent 
starting material for‘ tools and working im 
plements of all kinds especially drawing 
stones. But the resistance of these - har 
metals to chemical in?uences is compara 

slight, which renders them unsuited 
for t e working of such materials that when 
being clamped in for bein worked affect 
the tool chemically, es ecia y if the tem er 
aturearisin during t e working proce ure 

Ei h by reason of the hlgh work 
ing speed. aterials acting in this way are 
hard rubber, vulcanized ?bre, lazed card 
board, pertinax, certain sorts 0 paper, and 
similar materials having or anic ~compo 
nents. To give an example a o for an m 
organic substance we mention the anhydrous 
sulphate of calcium (CaSO‘) which, as it 
seems, impairs the cutting capacity of the 
drilling and cutting tools‘ by its radical. 
Now the present inventlon relates to an 

iron alloy which, on the one hand is, as re 
gards hardness, not inferior to the above 
mentioned hard alloys owing to its contents . 
in heavy metals in connection with carbon, 

0 and which, on the other hand, represents a 
chemically nearly una?ectable tool substance 
for the working of materials of the above 

I ‘stated kinds by reason of an addition_of 
chromium and cobalt, the amount of which‘ 

35 depends upon, and stands in a certain rela 
tion to, the amount of the heavy metal. 
A proportion. which is characteristic for V 

the present invention and is, probably the 
cause of its chemical stableness is this: tung 

4b sten:chromium:cobalt=about 8:2:1 (per 

45 numbers of the pro rtion stated should," 
’ preferably, not excee 10%. 

60 

cent by weight). 
Anyhow, the amount of iron shouldnot 

surpass 55 per cent by weight of the total 
amount of the alloy. Deviations ~ of the 

Accordm to the desired hardness and to 
- the admissi le ‘brittleness the proportion of 
the com onents tungsten, chromium and co 
balt with respect to the amount of the iron, 

latter metal u 

as well as to the amount of the carbon, (this 
latter being kept between 1 and 4 per cent) 
varies. A typ1cal analysis of a tough ma 
terial of medium hardness is, for instance: 

55 per cent of iron, 
32 per cent ofstungsten, 
8 per cent of chromium, 
,4 per cent of cobalt, 
1 per cent of carbon. ~ 
In contradistinction to this composition 

a very hard material which is su?icientl 
tough to be used for the manufacture of ce - 
lulose threads is composed as follows: 

‘10 per‘ cent of iron, 
65 per cent of tungsten, 
16 per cent of chromium, 
7 per cent of cobalt, 
2 per cent of carbon. 
It is known that in many hard alloys mo 

lybdenum can be substituted for the tungsten 
either totally or to a very large proportion.‘ 
With alloys according to the present inven 
tion such substitution is possible only in a 
certain measure, viz. at the highest up to 
25% of the contents of tungsten; the most 
favorable percentage in relation to the tungs 
ten is about 12. 
For the purpose of increasing the chemical 

stableness nickel which is, as is 
kindred to cobalt can be substituted for this 

thereof. But in this respect attention must 
be paid to thepoint that in the majority of 
cases the toughness of the alloy is diminished 
by said substitution, but its hardness is not 
increased. 

Substituting for the iron another metal 
‘which is kindred to it has up to now not 
proved favorablfeaf This fact is not disproved 
by the other fact that a small addition of 
manganese improves the texture of the alloy. 
Probably manganese acts in this instance 
merely as a reducing agent. 
In order to increase the hardness still more, 

one or more other known hardening sub 
stances, viz. silicium, boron, zirconium, titani 
um, nitrogen, vanadium, beryllium, cerium, 
and so on, ‘can be added to the alloy, but 
the per cent thereof should, at the highest, 

known, 
to one half of the amount. 
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be 4 per cent, as otherwise the alloyr becomes 
too brittle. . ~ . 

The hard metal alloy described is par 
ticularly suitable for the production of ro 

6 jectiles for ri?es and other ?re-arms, an for 
the manufacture of projectile casin s (shells) 
also for the points of pro'ectiles oglarge and 
small calibersas well as or mines, torpedoes ‘ 
and the like. ' ‘ 

10 We claim: , 

1. A hard alloy having a high mechanical 
' strength and chemical stable'ness, suitable for 
tools and working implements, consisting of 
from-10 to 33 per cent of iron, 1 to 4 percent 

15 of carbon, 64 to 46 percent of tungsten, 16 
to 11.5 per cent of chromium and 8 to 5.5 per. 
cent of cobalt, said three last named sub 
stances having among themselves the propor 
tions of 8 :2: 1, all by weight. 

20 2. A hard alloy having a high mechanical 
‘ strength and chemical stableness, suitable for 

tools and working implements, consisting of 
from 10 to 33 per cent of iron, 1 to 4 per cent 
of carbon, 48 to 35 per cent of tungsten, 16 

25 to 11 per cent of molybdenum, 16 to 15.5 per 
cent of chromium and 8 to 5.5 per cent of 
cobalt, the ratio of thetotal percentage of 
tungsten and molybdenum to that of chromi 
um and that of cobalt being 8 :2: 1. 

30 3. A hard alloy having a high mechanical 
- strength and chemical stableness, suitable for 

tools and working implements consisting of 
from 10 to 33 per cent of iron, 1 to-4 per centv 
of carbon, 64 to 46 per cent of tungsten, 16 

35 to 11.5 per cent of chromium, 4 to 3 per cent 
of cobalt and 4 to 3 per cent of nickel, the 

_ ratio of the total percentage of tungsten to 
" that of chromium and that of cobalt and 
nickel being 8:2:1. » 

4o 4. A hard‘alloy having a high mechanical 
strength and chemical stableness, suitable for 
tools and working implements consisting of - 
10 to 33 per cent of iron, 1 to 4 per cent of 
carbon, 48 to 35 per cent of tungsten, 16 to 11 

45 per cent of molybdenum, 16 to 5.5 per cent of 
chromium, 4 to 3 percent of cobalt and 4 to 
3 per cent of nickel, the ratio of the total 
percentage of tungsten and molybdenum to 
that of chromium and to that of cobalt and 

50 nickel being 8:2: 1. ' - i 

In testimony whereof we a?ix our'signa 
tures. ' 

KARL PRINZ zU LOWENSTEIN. 
WILHELM MULLER. 
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[57] ABSTRACT 
In a process for recovering mechanical work in a heat 
engine there is used as a working medium in the heat 
engine a gas to which vapor is added having a H-value 
lower than the H-value of the gas, the gas being caused 
to absorb the condensation heat from the vapor by 
condensation of the vapor under essentially isothermal 
expansion. A heat engine for carrying out the process 
comprises; an isothermal compressor to which a liquid 
injection mechanism is connected; an isentropic com 
pressor; an expansion machine to which a vapor genera 
tor is connected; and at least one additional expansion 
machine with liquid separator; said compressors and 
expansion machines being included in a closed circula 
tion system for the gas serving as a working medium. 

9 Claims, 2 Drawing Figures 
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PROCESS FOR THE RECOVERY OF 
MECHANICAL WORK IN A HEAT ENGINE AND 
ENGINE FOR CARRYING OUT THE PROCESS 

The present invention relates to a process for the 
recovery of mechanical work in a heat engine. The new 
and characteristic feature of the process is that the 
working medium used in the heat engine is a gas to 
which vapour is added having a H-value lower than the 
H-value of the gas, said gas being caused to absorb the 
condensation heat from the vapour by condensation of 
the vapour under essentially isothermal expansion. In 
this connection, H is=Cp/Cv, where Cp is the speci?c 
heat at constant pressure and Cv is the speci?c value at 
constant volume. As a working medium in the heat 
engine use is advantageously made of rare gas (mon 
atomic), such as argon or helium Hzl.66, while the 
vapour may be aqueous steam with H: 1.30. The va 
pour may also advantageously be zinc vapour or cad 
mium vapour. This will give a still better result because 
Hzl and the boiling-point is higher, which results in 
the total pressure of the process being low. 
Through the process of the present invention the 

engine can give a thermal ef?ciency of about 75%, at 
moderate pressures, i.e. approximately % of the heat 
supplied will be theoretically transformed into mechani 
cal work. This is to be compared with the Stirling, 
Diesel and vapour processes which will give a thermal 
ef?ciency of approximately 37% when applying the 
Carnot process. 
The process of the invention is primarily intended to 

be, carried out in a compression and expansion engine in 
which the vapour is supplied after the compression 
phase but before or during the expansion phase. The 
compression of the gas in the engine is performed in at 
least two steps, the ?rst step being essentially isothermal 
and the latter step being essentially isentropic. The 
expansion of the gas in the engine is also carried out in 
at least two steps, the ?rst step being essentially isother 
mal and the latter essentially isentropic. 
The invention also relates to an engine for carrying 

out the process stated above, said engine being charac 
terized in that it comprises; an isothermal compressor to 
which there is connected a liquid injection mechanism 
or the like; an isentropic compressor; an expansion ma 
chine to which there is connected a vapour generator; 
and at least one additional expansion machine with 
liquid separator for the condensed vapour; said com 
pressors and expansion machines being included in a 
closed circulation system for the gas. 
The invention will be described more in detail herein 

after with reference to the accompanying drawings, in 
which: 
FIG. 1 represents the thermodynamic process and 
FIG. 2 shows schematically the engine for carrying 

out the process of the invention. 
In the process illustrated in FIG. 1 use is made of a 

rare gas e.g. argon, as a working medium in the heat 
engine, the H-value of the rare gas being approximately 
equal to 1.66. To the rare gas there is added aqueous 
steam having a H-value approximately equal to the l.30. 
As the aqueous steam thus has a H-value lower than 
that of the rare gas, the rare gas will obtain the conden 
sation heat, which correponds to the steam forming 
heat, from the aqueous steam during the expansion of 
the rare gas. 
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2 
Isothermal compression of the rare gas takes place 

between l-2. The isothermal compression is brought 
about by injection of liquid which is allowed to carry 
off heat. Isentropic (adiabatic) compression of the rare 
gas takes place between 2-3. Injection of aqueous steam 
into the rare gas takes place between 3-4. The supply of 
heat thus starts here at the same time as the expansion. 
Between 4—1 the expansion continues at the same time 
as the aqueous steam condenses, and practically all the 
steam should have condensed into liquid at point 1. 
Thus, one should not supply more aqueous steam than 
what is condensed during the expansion. In connection 
with the condensation of the aqueous steam, the rare gas 
receives the condensation heat. 
The zone represented by surface 3, 4a, 4b, 4c, 4d and 

4e constitutes the control zone at constant vapour pres 
sure. 

In the example shown the pressure at the point desig 
nated l is 1 bar, at the point designated 2 it is 6 bar and 
at the point designated 3 it is 100 bar. 
The vapour, which is supplied at 100 bar, should 

preferably be superheated at about 800° C., the thermal 
ef?ciency being about 75%. 

It would also be possible to carry out the process by 
using air or nitrogen as a working medium which has a 
H-value approximately equal to 1.40. The heat, how 
ever, which in this connection passes from the con 
densed aqueous steam, will be very insigni?cant, and 
therefore the process can hardly be considered econom 
ically practicable, at least not under present conditions. 
The engine schematically illustrated in FIG. 2 is pro 

vided with an isothermal compressor 11 into which 
liquid is injected during the compression. Heat will 
thereby be carried off. The gas from the isothermal 
compressor 11 is to pass a liquid separator 12 in which 
the gas will be freed from liquid drops. In a counter-cur 
rent type heat exchanger, designated 13, the heat re 
ceived from the isothermal compression is transferred 
to the ambient air or water, e. g. through the radiator of 
an automobile or boat. The inlet conduit of the heat 
exchanger 13 is designated 14 and the outlet conduit 15. 
The gas thus freed from liquid drops is transferred to 

the isentropic compressor 16 which may be a piston, 
lamella or turbo type compressor. 

Interposed between the isentropic compressor 16 and 
the expansion machine 17, which may be a piston, la 
mella or turbine type machine, is a gas-vapour mixer 18. 
Alternatively, the vapour may be mixed with the gas 
within the expansion machine 17. 
The second step of the expansion machine is desig 

nated 19. Additional steps may of course also be pro 
vided. The expansion machine 19 is connected to a 
liquid separator 20 for the condensate which is to be 
pumped by the condensate pump 21 to the steam-boiler 
22 with superheater. Also between the expansion ma 
chines 17 and 19 there should be a drop or liquid separa 
tor 20 with a pump 21 for pumping the condensate to 
the steam-boiler 22. Operation with solar energy and 
nuclear force is possible in connection with the steam 
boiler 22. 
A liquid conduit 23 to the isothermal compressor 11 is 

provided with a liquid injection pump 24 and terminates 
in a liquid injection nozzle 25 for the liquid. The nozzle 
25 is preferably engaged in the downwardly directed 
piston of the compressor 11, said piston being posi 
tioned under the crankshaft to make it easy for the 
liquid to leave the compressor. 
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In case the condensate is not completely separated 
from the gas in the separator 20 it is separated from the 
gas in the isothermal compressor 11. 
The step between 1-2 in FIG. 1 is taken in the ISOIhCI" 

mal compressor 11, the step between 2-3 is taken in the 
isentropic compressor 16, the step between 3-4 is taken 
in the expansion machine 17 and the step between 4-l is 
taken in the expansion machine 19. 
The installation described above may also be used for 

desalting of sea water. In that case the steam-boiler 22 is 
fed with salt water. The fresh water is taken out at the 
water separator 20, while the rare gas, preferably argon, 
must be recovered from the fresh water. The pressure in 
the boiler 22 should be kept relatively low in the prepa 
ration of fresh water because otherwise there will be a 
hard scale in the boiler. 
According to a modi?ed embodiment the isothermal 

compressor 11 may be replaced by several common 
compressors of the piston, lamella or turbo type with 
intermediate coolers. This, however, reduces the et'? 
ciency. 
The invention is not restricted to that which is de 

scribed above and shown in the drawings but may be 
modi?ed within the scope of the appended claims. 

I claim and desire to secure by Letters Patent is: 
1. A process for the recovery of mechanical work in 

a heat engine, comprising using as a working medium in 
the heat engine a gas to which vapour is added having 
a H-value lower than the value of the gas, the gas being 
caused to absorb the condensation heat from the vapour 
by condensation of the vapour under essentially isother 
mal expansion wherein rare gas, from the group includ 
ing argon and helium, is used as a working medium in 
the heat engine. 

2. A process as claimed in claim 1, wherein the va 
pour supplied is aqueous steam which is superheated. 

3. A process as claimed in claim 1, which is carried 
out in a compression and expansion engine, the vapour 
being added at least during the expansion phase. 

35 

it 
it, A process as claimed in claim 3, wherein substan 

tially all the vapour is condensed into liquid during the 
.11: pansion phase. 

it. A process as claimed in claim 3, wherein the com 
pression of the gas in the engine is carried out in at least 
:iivo steps, the ?rst step being essentially isothermal and 
the latter step essentially isentropic, and the expansion 
it“ the gas in the engine is also carried out in at least two 
iteps, the first step being essentially isothermal and the 
latter step essentially isentropic. 

it. A process as claimed in claim 5, wherein liquid is 
injected into the gas during the compression at the first 
itep for carrying ot'f heat. 

An engine for carrying out the process of claim 5. 
in which the compression ot" the gas in the engine is 
performed in at least two steps, the ?rst step being es 
‘tentially isothermal and the latter essentially isentropic, 
,tncl in which the expansion or“ the gas in the engine is 
ttlso carried out in at least two steps, the ?rst step being 
essentially isothermal and the latter essentially isentro 
pic, wherein said engine comprises; an isothermal com 
pressor to which a liquid injection mechanism or the 
like is connected; an isentropic compressor; an expan 
tion machine to which a vapour generator is connected: 
and at least one additional expansion machine with 
itiuid separator for the condensed vapour; said com 
:tressors and expansion machines being included in a 
timed circulation system for the gas. 

it. A process for the recovery of" mechanical work in 
a heat engine, comprising using as a working medium in 
‘the heat engine a gas to which zinc vapour is added 
having a H-value lower than the value of the gas, the 
gas being caused to absorb the condensation heat from 
::he zinc vapour by condensation of the zinc vapour 
under essentially isothermal expansion. 

“ill. A process for the recovery of“ mechanical work in 
t heat engine. comprising using as a working medium in 
‘the heat engine a gas to which cadmium vapour is 
aided having a H-value lower than the value of the gas, 
the gas being caused to absorb the condensation heat 
“tom the cadmium vapour by condensation of the cad 
;tiium vapour under essentially isothermal expansion. 

it it: i: It 
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WOOD BURNING STOVE HAVING WATER 
HEATER 

BACKGROUND OF THE INVENTION 

Stoves which burn solid fuels such as wood, coal and 
briquettes have previously had incorporated into them 
heat exchange tubes for heating water. See, for exam 
ple, US Pat. No. 2,521,142. Such stove and heating 
devices afford a means for conserving fuel oil, gas or 
electricity by substituting less expensive or more plenti 
ful fuels such as wood or coal. 
The present invention provides an improvement for 

such stoves. In the preferred embodiment the present 
invention involves a stove suitable for home use as a 
supplementary heating means capable, if desired, of use 
for some cooking and baking chores while at the same 
time providing an inexpensive means for heating of 
domestic hot water. 
The stove according to the present invention includes 

a conventional ?re chamber con?ned within metal 
walls having conventional fuel loading doors, dampers 
and exhaust ?ues. The stove utilizes a hot water heat 
sink which is in open 20 communication with the room 
air, thus supplying humidity into the air when the stove 
is in use. The present invention further contemplates the 
use of such water reservoir as a heat sink for preheating 
domestic water by passage of said water through a heat 
exchanger located in the water reservoir prior to pas 
sage through further heat exchangers located within the 
?re chamber. Such water reservoir further provides 
moderate heating of the water even when the ?re has 
burned down by extracting. 

It is the primary object of the present invention to 
provide an improved wood or coal burning stove which 
is of a relatively inexpensive and practical design suit 
able for use in the average home. This and other objects 
of the invention will become clear from an inspection of 
the detailed description of the invention, and from the 
appended claims. 

BRIEF DESCRIPTION. OF THE DRAWINGS 

FIG. 1 is a perspective view of an exemplary stove 
according to the present invention; 
FIG. 2 is a cross-sectional side view of the stove in 

FIG. 1; 

DETAILED DESCRIPTION OF THE 
INVENTION 

A wood or coal burning stove according to the pres 
ent invention as shown generally at 10 in FIG. 1 and 
FIG. 2. This stove includes side walls 12, a back wall 14, 
a bottom wall 16 and a top wall 18 with cooking sur 
faces 20 and 22 disposed at different levels. Interior wall 
24 is provided so as to form a water containing chamber 
for heat sink 26 at the rear of the stove. An opening 28 
is formed in top wall 18 to permit ?lling of the heat sink 
26 and transmission of water vapors to the atmosphere. 

Front wall of the stove 30 is provided with a conven 
tional door 32 which is provided with primary air intake 
openings which are preferrably adjustable. Conven 
tional grate openings below the door may also be em 
ployed as an alternative. The front wall may also be 
provided with secondary air intake openings 36 if de 
sired. 

Stove 10 may also be provided with supporting legs 
38 of conventional design. Conventional exhaust ?ue 40 
is also provided for conveying the smoke and other 
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2 
exhaust gasses to a chimney. A conventional damper of 
the butter-?y type may be provided in the exhaust ?ue. 
As seen in FIG. 2 the bottom of the stove may be pro 
vided with ?re brick 42. In the preferred embodiment a 
small oven 44 having an opening door 46 at the end 
thereof is provided so that the stove may be used for 
baking small amounts of bread or rolls or other food 
preparation. The stepped top surfaces of the stove 20 
and 22 provide cooking surfaces of differing tempera 
tures, particularly in view of the fact that oven 44 some 
what separates surface 22 from the direct action of the 
?re. The stove is preferrably provided with temperature 
gauges 48 of conventional design. 

Located within heat sink 26 is a ?rst set of heat ex 
change coils 50. An intake pipe 52 is provided to con 
duct the ?ow of cold water into coil 50. Intake pipe 52 
would normally be connected to a domestic cold water 
supply. An out?ow pipe 54 is also connected to coil 50 
and provides for the out?ow of water which has been 
preheated in coil 50 into a second coil 56 which is lo 
cated within the ?rebox. While pipe 54 is shown for 
purposes of illustration as passing above the top surface 
of the stove, it may readily be located beneath the sur 
face to provide a stove design of cleaner appearing 
design. 

In operation, the usual water pressure differentials 
occurring when a faucet is opened causes water to ?ow 
through intake pipe 52 into the preheating coil 50 where 
a heat exchange from heat sink 26 occurs. The pre 
heated water is then caused to flow through pipe 54 into 
heat exchanger 56. The burning of a ?re in the ?re 
chamber of the stove causes heating of water in the heat 
sink 26. A portion of this stored up heat is extracted by 
the heat exchange coil 50. The preheated water ?owing 
out of the coil 50 is then readily heated to the desired 
hot water temperature when it ?ows through heat ex 
change coils 56. The intensity of the fire in the ?rebox 
can be adjusted by adjustment of the air intake control 
34 and 36. Constant evaporation of some of the water in 
the heat sink 26 occurs through opening 28 providing 
needed humidity to the room air. It has been found that 
with a stove of the type illustrated, passage of the water 
through the heat sink reservoir causes a 30° to 40° F. 
rise in temperature. Without this preheating, it is diffi 
cult for such a stove to provide hot water of a tempera 
ture suf?cient to satisfy formal domestic needs. 
The hot water emerging from the combustion cham 

ber is discharged through outlet pipe 58 to conventional 
water pipes leading to a conventional domestic hot 
water heater. It is desirable to maintain continuous cir 
culation of the water from the stove of this invention 
through the hot water heater either by means of ther 
mosyphoning or by means of pump (not shown). Such 
pump could be activated by a temperature controlled 
switch so that circulation occurs only when the stove is 
hot. It has been found that a slow ?ow of water is desir 
able. This permits the ?owing water to extract as much 
heat as is being provided by the stove without unduly 
cooling down the stove. 
While the preferred embodiment comprises a small 

free standing stove, it will be understood that a preheat 
sink of the design of this invention may be used in con 
nection with a hot-water boiler, a wood or coal furnace, 
a cook stove of conventional design, or even a trash 
burner. 

In a further embodiment the heat exchange system 
using the preheat sink may be employed to heat water 
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for heating purposes rather than for domestic hot water. 
The use of such system enables heating of more than 
one room with a free standing wood stove by provision 
of heating radiators to which the stove is connected. 
Other modi?cations and further embodiments will be 

apparent to those skilled in the art. 
What is claimed is: 
1. A solid fuel burning stove comprising 
(a) a combustion chamber having openings for intro 

duction of fuel, intake of air and exhaust of smoke; 
(b) a tank adjacent said combustion chamber having 

the top thereof open to the atmosphere; 
(0) a heat exchange device positioned in said tank 

adapted to cause preheating of water circulated 
therethrough; ‘ 

(d) a second heat exchange device located in the 
combustion chamber adapted to heat said pre~ 
heated water to an elevated temperature, and 

(e) suitable conduit means for carrying a ?ow of 
water into said ?rst heat exchange device, from 
said ?rst heat exchange device to said second heat 
exchange device and therefrom to a hot water 
distribution system. 
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2. A stove according to claim 1 which comprises a 

free standing stove having cooking surfaces at the top 
thereof and an oven therein-for food preparation. 

3. A free standing wood-burning stove suitable for 
residential use for home heating and domestic hot water 
heating comprising a 

(a) a combustion chamber having adjustable air intake 
‘ openings and an exhaust flue suitable for connec 
tion to a chimney; 

, (b) a tank for containing water adjacent to said com 
bustion chamber having the top thereof in commu 
nication with the atmosphere; 

(0) a heat exchange coil positioned in said tank having 
an intake means connected to the domestic cold 
water supply and an outflow pipe leading to; 

(d) a second heat exchange means located in the com 
bustion chamber adaptedto cause the ?re within 
said chamber to heat water in said heat exchanger 
to an elevated temperature, and 

(e) discharge pipe for carrying a ‘flow of hot water 
from said stove to a hot water distribution system. 

4. A stove according to claim 3 wherein cooking 
surfaces of different elevations are provided at the top 
of said stove. 

5. Device according to claim 3 wherein a small oven 
is provided atthe top of said stove. 

ii i‘ * * * 
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(S. 413: Die Cyanidverfahren) 
 
Quelle:  Bruno Waeser: Die Luftstickstoff-Industrie. Mit besonderer Berücksichtigung der 
Gewinnung von Ammoniak und Salpetersäure, Leipzig 1922 
 
Vgl. Paul Askenasy/Frithjof Grude: Über die Einwirkung von Stickstoff auf die Gemenge aus 
Bariumoxyd und Kohle bei hoher Temperatur, in: Zeitschrift für Elektrochemie, Bd. 28 
(1922), S. 130 ff. 
 
Vgl. Sander: Polytechnische Schau, in: Polytechnisches Journal, Bd. 337 (1922), S. 239: „Ein 
beachtenswertes neues Verfahren zur Gewinnung von Zyanverbindungen aus dem 
Luftstickstoff unter Verwendung von Methan bezw. seiner Spaltprodukte beschreiben P r i n z  
K a r l  z u  L ö w e n s t e i n  und Dr. Fr. H a u f f  in dem DRP 318286. Methan wird 
bekanntlich bei Temperaturen von mehr als 1000° glatt in Wasserstoff und Kohlenstoff von 
hoher Reinheit gespalten. Wenn man den so gewonnenen Kohlenstoff nun mit 
Bariumkarbonat mischt oder aus diesem Gemisch Briketts formt und diese hierauf im 
Stickstoffstrom auf 1100–1300° erhitzt, so verbindet sich der Stickstoff, wie schon 
M a r g u e r i t t e  und S o u r d e v a l  im Jahre 1862 fanden, mit dem Baryt und dem 
Kohlenstoff zu Bariumzyanid, aus dem durch Umsetzung mit Pottasche in guter Ausbeute 
Zyankalium gewonnen wird, wobei als Nebenprodukt wiederum Bariumkarbonat erhalten 
wird. Infolge der großen Reinheit des aus Methan abgeschiedenen Kohlenstoffs ist das 
Bariumkarbonat nicht wie sonst durch Schlacke verunreinigt und kann ohne weiteres wieder 
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zur Bildung von Zyanid benutzt werden. Die für den Prozeß erforderliche Wärme liefert der 
gleichfalls aus dem Methan abgeschiedene Wasserstoff, bei dessen Verbrennung mit der 
genau berechneten Luftmenge ein Gemisch von Wasserdampf und Stickstoff entsteht. Durch 
Kühlung der Verbrennungsgase wird der Wasserdampf kondensiert und es bleibt reiner 
Stickstoff übrig, der seinerseits für die Gewinnung des Bariumzyanids Verwendung findet. 
Das neue Verfahren bietet somit durch die Reinheit des aus dem Methan abgeschiedenen 
Kohlenstoffs und Wasserstoffs sowie durch die Wiederverwendung sämtlicher 
Nebenprodukte gegenüber den bisher benutzten Verfahren große wirtschaftliche Vorteile und 
ermöglicht mit einfachen Mitteln die Schaffung einer Luftstickstoffindustrie in der Umgebung 
von Naturgasquellen.“  
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