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Metal  anchor  and  a  structure  comprising  a  metal  surface  and  a  plurality  of  refractory  anchors. 
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A  metal  anchor  is  disclosed  adapted  for  installation  by 
welding  to  a  metal  surface  to  provide  anchorage  protection 
from  erosion  for  a  monolithic  refractory  applied  to  the  surface, 
the  anchor  being  formed  from  a  metal  strip  (10)  having  its 
width  substantially  equal  to  the  thickness  of  the  refractory  to 
be  applied  to  the  surface  and  its  length  several  times  its  width. 
The  anchor  has  cut  away  portions  at  each  end  whereby  there  is 
provided  at  each  end  an  extending  arm  (11),  the  extending 
arms  (11)  together  with  the  intermediate  portion  of  the  anchor 
providing  an  erosion-resistant  barrier  for  the  protection  of  the 
refractory  and  the  cut  away  portions  adjacent  the  arms  provid- 
ing  room  for  said  refractory  to  be  deposited  between  said  arms 
and  said  surface.  Holes  or  projecting  tabs  (13)  can  optionally 
be  provided  in  the  intermediate  portion  of  the  strip  as  conve- 
nient  indicators  as  to  the  desired  thickness  of  the  refractory.  A 
structure  is  also  disclosed  comprising  a  metal  surface  and  a 
plurality  of  metal  anchors. 



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 a l   a n c h o r   and  a  

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

r e f r a c t o r y   a n c h o r s .  

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

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

v e s s e l s   or  e q u i p m e n t   s u c h   as  r e a c t o r s ,   c o n d u i t s ,   f u r n a c e s ,  

i n c i n e r a t o r e s   and  t h e   l i k e   and  more  p a r t i c u l a r l y   t o  

an  i m p r o v e d   a n c h o r   w h i c h   is  i n e x p e n s i v e   to   f o r m   and  i n s t a l l  

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

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

e r o s i o n .  

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

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

l i k e   to   p r o v i d e   t h e r m a l   i n s u l a t i o n   and  in  e n v i r o n m e n t s  

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

or  s t a c k s   to  p r o v i d e   r e s i s t a n c e   to   a b r a s i o n   or  e r o s i o n .  

Thus  s u c h   l i n e r s   can   s e r v e   n o t   o n l y   to   t h e r m a l l y  

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

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

a b r a s i o n .   In  f l u i d   c a t a l y t i c   c r a c k i n g   u n i t s   f o r  

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

may  be  on  t he   o r d e r   of  1 5 . 2 4   to   2 1 . 3 4   m / s e c o n d   o c c u r  

and  t h e   a b r a s i v e   e f f e c t   of  e n t r a i n e d   c r a c k i n g   c a t a l y s t  

is   v e r y   p r o n o u n c e d .   M o r e o v e r ,   h i g h   t e m p e r a t u r e s   a r e  

i n v o l v e d ,   f o r   e x a m p l e   in  t he   r e g e n e r a t o r   t h e  

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

on  t h e   o r d e r   of  6 7 6 ° C  -   733°C  and  in  t h e   r e a c t o r   t h e  

t e m p e r a t u r e   may  be  4 2 6 ° C  -   4 8 3 ° C .   A c c o r d i n g l y ,   t h e  

u s u a l   p r a c t i c e   has   been   to   l i n e   a l l   v e s s e l s ,   c o n d u i t s  

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

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

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

t h e r m a l   i n s u l a t i o n .   To  r e t a i n   t he   r e f r a c t o r y   w h i c h  

may  be  a  r e f r a c t o r y   c e m e n t ,   a  c o n c r e t e   c e m e n t -  

a g g r e g a t e   m i x t u r e ,   a  r e i n f o r c e d   c e m e n t   or  c o n c r e t e ,  

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



U n i t e d   S t a t e s   P a t e n t   3 , 0 7 6 , 4 8 1   to  W y g a n t ,   w h i c h   i s  

h e r e b y   i n c o r p o r a t e d   by  r e f e r e n c e ,   c o n t a i n s   a  d e s c r i p -  

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

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

a n c h o r a g e   a r r a n g e m e n t .  

H e r e t o f o r e ,   a  p r e f e r r e d   a n c h o r a g e   a r r a n g e m e n t  

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

of   h e x a g o n a l   s t e e l   g r a t i n g   w h i c h   was  w e l d e d   to  t h e  

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

d e p t h   as  t he   r e f r a c t o r y   l i n e r   to   be  a p p l i e d   and  t h e  

r e f r a c t o r y   was  d e p o s i t e d   in  t h e   h e x a g o n a l   s p a c e s  
d e f i n e d   by  t he   g r a t i n g .   Thus   t h e   g r a t i n g   p r o v i d e d  

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

by  p r o j e c t i n g   to  t he   e x p o s e d   s u r f a c e   of   t h e   r e f r a c -  

t o r y .   The  d i s a d v a n t a g e s   of  h e x a g o n a l   g r a t i n g   a r e  

i t s   r e l a t i v e l y   h i g h   c o s t ,   l a c k   of   f l e x i b i l i t y   w h i c h  

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

s u r f a c e s ,   i t s  t e n d e n c y   to  s e p a r a t e   f rom  t he   v e s s e l  

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

w e l d s   f a i l   and  i t s   u n s u i t a b i l i t y   f o r   use   w i t h   f i b e r  

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

c o n t a i n i n g   c o a r s e   a g g r e g a t e   p a r t i c l e s .  

In  s i t u a t i o n s   w h e r e   h e x a g o n a l   g r a t i n g   is   n o t  

s u i t a b l e   w e l d a b l e   s t u d s   s u c h   as  t h o s e   d e s c r i b e d   i n  

U n i t e d   S t a t e s   P a t e n t   3 , 6 5 7 , 8 5 1   to  C h a m b e r s   e t   a l  

and  U n i t e d   S t a t e s   P a t e n t   3 , 3 3 6 , 7 1 2   to   B a r t l e y   h a v e  

been   p r o p o s e d .   Such  s t u d s   a r e   s u i t a b l e   f o r   u s e  

w i t h   f i b e r   r e i n f o r c e d   r e f r a c t o r y   or  w i t h   r e f r a c t o r y  

c o n c r e t e   b u t   do  n o t   p r o v i d e   e r o s i o n   p r o t e c t i o n   f o r  

the   r e f r a c t o r y .  

One  o b j e c t   of  t h i s   i n v e n t i o n   is   to  p r o v i d e   a n  

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

w i t h   f i b e r   or  n e e d l e   r e i n f o r c e d   r e f r a c t o r y   c e m e n t  

or  c o n c r e t e   and  w h i c h   p r o v i d e s   p r o t e c t i o n   of  t h e  

r e f r a c t o r y   f rom  e r o s i o n .  

A  s e c o n d   o b j e c t   is  to  p r o v i d e   an  a n c h o r   a r r a n g e -  

ment   w h i c h   may  be  u t i l i z e d   on  r e l a t i v e l y   h i g h l y  



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

s u c h   as  r i s e r   r e a c t o r s   or  t r a n s f e r   l i n e s .  

A  f u r t h e r   o b j e c t   is   to  p r o v i d e   an  a n c h o r   w h i c h  

is  a p p r o p r i a t e l y   s h a p e d   t h a t   i t   may  be  i n s t a l l e d   i n  

an  a r r a y   w i t h   o t h e r   l i k e   a n c h o r s   to  p r o v i d e   e r o s i o n  

p r o t e c t i o n   f rom  s t r e a m s   in  any  d i r e c t i o n .  

O t h e r   o b j e c t s   and  a d v a n t a g e s   of  t h i s   i n v e n t i o n  

w i l l   become  a p p a r e n t   to  one  s k i l l e d   in  t he   a r t   b a s e d  

upon  the   e n s u i n g   d e s c r i p t i o n .  

A  m e t a l   a n c h o r   a d a p t e d   fo r   i n s t a l l a t i o n   b y  

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

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

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

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

w i d t h   s u b s t a n t i a l l y   e q u a l   to  t h e   t h i c k n e s s   of  t h e  

r e f r a c t o r y   to  be  a p p l i e d   to  s a i d   s u r f a c e   and  i t s  

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

p o r t i o n s   a t   e a c h   end  on  the   s i d e   to  be  w e l d e d   t o  

the   s u r f a c e   to  be  p r o t e c t e d   w h e r e b y   t h e r e   is   p r o v i d e d  

a t   e a c h   end  of  s a i d   a n c h o r   an  e x t e n d i n g   a rm,   t h e  

e x t e n d i n g   arms  t o g e t h e r   w i t h   t he   i n t e r m e d i a t e   p o r t i o n  

of  s a i d   a n c h o r   p r o v i d i n g   an  e r o s i o n   r e s i s t a n t   b a r r i e r  

fo r   the   p r o t e c t i o n   of  t he   r e f r a c t o r y   and  the   c u t  

away  p o r t i o n s   a d j a c e n t   t he   arms  p r o v i d i n g   room  f o r  

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

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

e x t e n d e d   arms  a r e   c u r v e d   in  o p p o s i t e   d i r e c t i o n s  

away  f rom  the   p l a n e   of  the   i n t e r m e d i a t e   p o r t i o n ,  

the   s h a p e   of  the   a n c h o r   a p p r o x i m a t i n g   the   s h a p e   o f  

t he   l e t t e r   S .  

The  i n v e n t i o n   a l s o   i n v o l v e s   the   s t r u c t u r e   w h i c h  

r e s u l t s   when  a  p l u r a l i t y   of  t he   a b o v e   d e s c r i b e d  

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

upon  a  w a l l   to  be  p r o t e c t e d   w i t h   a  r e f r a c t o r y ,   n a m e l y ,  

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

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



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

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

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

f rom  a  m e t a l   s t r i p   h a v i n g   i t s   w i d t h   s u b s t a n t i a l l y  

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

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

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

t h e   s i d e   w e l d e d   to  s a i d   s u r f a c e   w h e r e b y   t h e r e   i s  

p r o v i d e d   a t   e a c h   end  of  t h e   a n c h o r   an  e x t e n d i n g  

a rm,   s a i d   e x t e n d i n g   arms  t o g e t h e r   w i t h   t h e  

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

e r o s i o n   r e s i s t a n t   b a r r i e r   f o r   t he   p r o t e c t i o n   of  t h e  

r e f r a c t o r y   and  t h e   c u t   away  p o r t i o n s   a d j a c e n t   s a i d  

a rms  p r o v i d i n g   room  f o r  s a i d   r e f r a c t o r y   to  be  d e p o s i t e d  

b e t w e e n   s a i d   arms  and  s a i d   s u r f a c e .   In  a  p r e f e r r e d  

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

b e n t   to  t he   a p p r o x i m a t e   s h a p e   of  t h e   l e t t e r   S  a n d  

a r e   a r r a n g e d   in  rows  on  s a i d   s u r f a c e   w i t h   t h e   a n c h o r s  

in  a l t e r n a t e   rows  b e i n g   d i s p o s e d   a t   s u b s t a n t i a l l y  

d i f f e r e n t   a n g l e s .  
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 ,  

F i g u r e   1  i s   v i ew  of  t he   p r e f e r r e d   fo rm  of  t h e  

a n c h o r   of  t h i s   i n v e n t i o n   f rom  t he   s i d e   a d a p t e d   t o  

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

to  oe  a p p l i e d .  

F i g u r e   2  is   a  s i d e   v i ew  of  t he   a n c h o r .  

F i g u r e   3  is   s e c t i o n a l   v i ew  s h o w i n g   the   a n c h o r  

w e l d e d   to  t he   s u r f a c e   w i t h   t he   r e f r a c t o r y   in  p l a c e .  

F i g u r e   4  is   an  i s o m e t r i c   v iew  s h o w i n g   the   p r e -  
f e r r e d   a r r a y   of  t he   a n c h o r s   a t t a c h e d   to  a  s u r f a c e  

w i t h   the   r e f r a c t o r y   in  p l a c e .  

F i g u r e   5  is  an  i s o m e t r i c   v iew  s h o w i n g   a n o t h e r  

e m b o d i m e n t   of  t he   a n c h o r   of  t h i s   i n v e n t i o n .  

The  p r e f e r r e d   e m b o d i m e n t   of  t he   a n c h o r   10  i s  

shown  in  F i g u r e s   1  and  2  of  t he   d r a w i n g s .   The  a n c h o r  

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



i t s   w i d t h   e q u i v a l e n t   to  t he   t h i c k n e s s   of  t h e  

r e f r a c t o r y   l i n e r   to  be  a p p l i e d .   By  s t a m p i n g   o r  

o t h e r w i s e   c u t t i n g   a l t e r n a t e   a n c h o r s   w i t h   t he   e x t e n d e d  

arms  1 1  o n   o p p o s i t e   s i d e s   of  t he   s t r i p   c o n s i d e r a b l e  

m e t a l   can  be  s a v e d .   T h i s   r e s u l t   can   be  a c h i e v e d   b y  

r o t a t i n g   t h e   s t r i p   a b o u t   i t s   l o n g   a x i s   180  d e g r e e s  

e a c h   t i m e   an  a n c h o r   is  s t a m p e d .   At  t he   t i m e   o f  

s t a m p i n g   a  h o l e   12  and  p r o j e c t i n g   t a b   13  a r e   f o r m e d  

in  the   c e n t r a l   i n t e r m e d i a t e   p o r t i o n   14  of  t he   s t r i p .  

If   d e s i r e d   no  h o l e s   or  a  p l u r a l i t y   of  h o l e s   can   b e  

p r o v i d e d   and  t he   h o l e s   o p t i o n a l l y   can   be  w i t h   o r  

w i t h o u t   t a b s .   As  w i l l   be  d e s c r i b e d   t h e   h o l e s   a n d  

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

t he   r e f r a c t o r y   and  i n  m o s t   c a s e s   t h e i r   i n c o r p o r a t i o n  

in  the   a n c h o r   w i l l   be  d e s i r a b l e .   The  arms  11  o f  

t h e   a n c h o r   10  may  be  b e n t   t o  t h e   c u r v a t u r e   i l l u s -  

t r a t e d   in  F i g u r e   1  a t   t he   t i m e   of  s t a m p i n g   or  c u t t i n g  

of  t he   a n c h o r s   or  in  a  s u b s e q u e n t   o p e r a t i o n   d e p e n d i n g  

on  t h e  a v a i l a b i l i t y   of  a p p r o p r i a t e   e q u i p m e n t .  

The  s i z e   of  t he   a n c h o r s   can  be  v a r i e d   a c c o r d i n g  

to  t he   s u r f a c e   to  be  r e f r a c t o r y   l i n e d ,   t h e   t h i c k n e s s  

and  t y p e   of  r e f r a c t o r y   to  be  e m p l o y e d .   A  c o n v e n i e n t  

a n c h o r   f o r   s e c u r i n g   a  r e f r a c t o r y   one  i n c h   t h i c k   i s  

made  f rom  16  g a u g e   Type  304  s t a i n l e s s   s t e e l   s t r i p  

2 .54   cms  w i d e .   The  l e n g t h   of  t he   a n c h o r   p r i o r   t o  

b e n d i n g   the   arms  11  is  a p p r o x i m a t e l y   1 5 . 2 4   cms  a n d  

each   arm  is  b e n t   to  a  1 . 2 7   cms  r a d i u s .   T h e  

w i d t h   of  t he   arms  11  c a n  b e   0 . 6 3 5   to   1 .27   cms  a s  

d e s i r e d .   The  s p a c i n g   of  t he   a n c h o r s   when  t h e y   a r e  

w e l d e d   to  the  s u r f a c e   to  be  r e f r a c t o r y   c o a t e d   is  a  

f u n c t i o n   of  t he   s i z e   of  t he   a n c h o r s .   For  the   a b o v e  

d e s c r i b e d   s i z e   a n c h o r   t he   a n c h o r s   s h o u l d   be  s p a c e d  

a p a r t   o v e r   the   s u r f a c e   upon  7 .62   cms  c e n t e r s .  

Thus  i t   w i l l   be  s e e n   t h a t   s p a c i n g   s h o u l d   g e n e r a l l y  

be  on  c e n t e r s   s p a c e d   a p a r t   a p p r o x i m a t e l y   one  h a l f  



t h e   u n b e n t   l e n g t h   of  t h e   a n c h o r .   T h i c k e r   l i n i n g s  

may  have   a n c h o r   s p a c i n g s   of  2  to   3  t i m e s   t h e   t h i c k n e s s ,  

i . e .   t h e   a n c h o r   h e i g h t .  

In  F i g u r e   3  t he   a n c h o r   1 0  i s   shown  w e l d e d   to   a  

s u r f a c e   15  w i t h   t h e   we ld   b e i n g   i n d i c a t e d   a t   16.   A 

s i m i l a r   we ld   can   be  u t i l i z e d   on  t h e   back   s i d e   o f  

t h e   a n c h o r .   Two  l a y e r s   of  r e f r a c t o r y   17  and  18  a r e  

s h o w n .   The  l a y e r   17  n e x t   to   t h e   s u r f a c e   15  i s   p r e -  

f e r a b l y   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   a  h i g h   i n -  

s u l a t i n g   v a l u e   a n d  t h e   o t h e r   l a y e r   18  has   a  h i g h e r  

r e s i s t a n c e   to  a b r a s i o n   and  e r o s i o n .   E i t h e r   or  b o t h  

of  t h e s e   l a y e r s   can   be  r e i n f o r c e d   by  f i b e r s   ( s o m e -  

t i m e s   r e f e r r e d   to   as  n e e d l e s )   w h i c h   a r e   p r e f e r a b l y  

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

w i l l   b e  a p p r o x i m a t e l y   1 . 9 0 5   t o   3 . 8 1   cms  in  l e n g t h  
and  a b o u t   0 . 0 7 6 2   cms  in  d i a m e t e r .   T h e  

q u a n t i t y   of  f i b e r s   u s u a l l y   e m p l o y e d   i s   b e t w e e n   a b o u t  

2  and  6%  by  w e i g h t   of  t h e   r e f r a c t o r y   on  a  d r y   b a s i s .  

In  c a s e s   w h e r e   i t   is   d e s i r e d   to   u t i l i z e   a  r e -  

f r a c t o r y   c o n c r e t e   t he   a g g r e g a t e   can   be  e x p a n d e d  

s h a l e   or  v e r m i c u l i t e   in  t h e   l a y e r   17  h a v i n g   h i g h  

i n s u l a t i n g   v a l u e   and  t a b u l a r   a l u m i n a   in  t h e   l a y e r  

18  h a v i n g   h i g h   r e s i s t a n c e   to  a b r a s i o n .   In  s u c h  

c a s e s   t he   p r o j e c t i n g   t a b s   13  (or  h o l e s   12)  can   b e  

u s e d   as  v e r y   c o n v e n i e n t   i n d i c a t o r s   as  to  t he   d e s i r e d  

t h i c k n e s s   of  t he   i n s u l a t i n g   l a y e r   17.   T h i s   a b i l i t y  

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

l a y e r   i s  p a r t i c u l a r l y   u s e f u l   when  v e r y   t h i c k   (up  t o  

a b o u t   1 2 . 7   cms  l a y e r s   of  t o t a l   r e f r a c t o r y   a r e  

i n v o l v e d .  

In  F i g u r e   4  the   p r e f e r r e d  c o m p o s i t e   s t r u c t u r e  

is  i l l u s t r a t e d .   I n i t i a l l y   t he   i n d i v i d u a l   a n c h o r s  

10  a r e   a f f i x e d   to  the   s u r f a c e   15  to  be  p r o t e c t e d   b y  

the   r e f r a c t o r y .   As  shown  a l t e r n a t e   rows  of  t h e  

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

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

arms  11  an  e f f e c t i v e   g r i d   of  m e t a l   is   p r o v i d e d   o v e r  



t he   s u r f a c e   fo r   p r e v e n t i n g   e r o s i o n .   The  p r e f e r r e d  

a n g u l a r   d i f f e r e n c e   b e t w e e n   the   a n c h o r s   of  a d j a c e n t  

rows  is  a b o u t   45°  or  s o m e w h e r e   b e t w e e n   a b o u t   3 0 °  

and  a b o u t   60°  f o r   a c h i e v i n g   maximum  e r o s i o n   p r o t e c -  
t i o n   w i t h   a  min imum  number   of  a n c h o r s .  

To  e f f e c t   a t t a c h m e n t   of  t h e   a n c h o r s   t h e y   c a n  

be  h e l d   in  t he   d e s i r e d   p o s i t i o n   by  means   of  a  s m a l l  

bar   h a v i n g   a  s l o t   in  one  end  to  r e c e i v e   t he   i n t e r -  

m e d i a t e   p o r t i o n   14  of  t he   a n c h o r   and  w e l d e d   to  t h e  

s u r f a c e   15  by  f o r m i n g   t he   w e l d i n g   bead   16  on  one  o r  

b o t h   s i d e s .   When  the   we ld   is  c o m p l e t e d   t he   bar   i s  

p u l l e d   f r e e   f o r   use   to  h o l d   t he   n e x t   a n c h o r .   A l t e -  

r n a t i v e l y ,   m u l t i p l e   t a c k   w e l d i n g   or  b r a z i n g ,   i f  

a p p r o p r i a t e   to  t he   m e t a l s   i n v o l v e d ,   may  be  e m p l o y e d .  

When  t he   a n c h o r s   a r e   a l l   a t t a c h e d ,   t h e   l a y e r   o r  

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

f i b e r   r e i n f o r c e d   r e f r a c t o r y   can  be  a p p l i e d   u t i l i z i n g  

c o n v e n t i o n a l   p r o c e d u r e s   such   as  d e p o s i t i n g   and  t r o w e l l -  

ing  or  p n e u m a t i c   a p p l i c a t i o n   s u c h   as  t h e   G u n n i t e  

p r o c e d u r e .  

S u i t a b l e   r e f r a c t o r i e s   a r e   t he   h y d r a u l i c   c a l c i u m  

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

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

s u p e r i o r   e r o s i o n   r e s i s t a n c e .   Once  the   r e f r a c t o r y  

l a y e r   or  l a y e r s   have   been   a p p l i e d   and  c u r e d   t h e y  

a r e   v e r y   e f f e c t i v e l y   h e l d   in  p l a c e   by  t he   a n c h o r s  

10  of  t h i s   i n v e n t i o n ,   f o r   the   r e f r a c t o r y   is   h e l d  

a g a i n s t   the   s u r f a c e   15  by  the   arms  11  and  t he   t a b s  

13  and  is  c o n t i n u o u s   t h r o u g h   the   h o l e   12.  The  f a c t  

t h a t   t he   a n c h o r s   10  a r e   no t   i n t e r c o n n e c t e d   and  h a v e  

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

t h e r m a l   e x p a n s i o n   and  c o n t r a c t i o n   to  o c c u r   on  a  

l o c a l i z e d   b a s i s .   M o r e o v e r ,   the   p r o t e c t i v e   b l o c k i n g  

e f f e c t e d   by  the  a n c h o r s   p r e v e n t s   a b r a s i v e   e r o s i o n  

e s p e c i a l l y   by  s t r e a m s   of  p a r t i c u l a t e s   such   as  f l u i d i z e d  

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

the   r e f r a c t o r y .   In  c o n t r a s t   t he   use  of  h e x a g o n a l  



g r a t i n g   can   p r o v i d e   e r o s i o n   p r o t e c t i o n   b u t   has   r e l a -  

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

to  the   s u r f a c e   w h i c h   is   b e i n g   p r o t e c t e d .   M o r e o v e r ,  

when  s u c h   g r a t i n g s   s e p a r a t e   f rom  t h e   s u r f a c e   l a r g e  

s e c t i o n s   a r e   l i k e l y   to  p u l l   l o o s e   f rom  t h e   s u r f a c e .  

With   t h e   a n c h o r s   of  t h i s   i n v e n t i o n   any  f a i l u r e s  

t e n d   to  be  l o c a l i z e d   a n d , m a y   n o t   n e c e s s i t a t e   s h u t  

down  of  t he   p r o c e s s   u n i t .  

A n o t h e r   f e a t u r e   of  t he   a n c h o r s   of  t h i s   i n v e n t i o n  

is   t h a t   t h e   a r r a y   s e l e c t e d   may  be  v a r i e d   to   s u i t  

known  f l o w   c o n d i t i o n s .   For  e x a m p l e   w i t h i n   c y c l o n e s  

w h e r e   i t   i s   known  t h a t   t he   f l o w   p a t t e r n   w i l l   b e  

c i r c u l a r   or  h e l i c a l   w i t h i n   t h e   b a r r e l   t h e   a n c h o r s  

can   be  d i s p o s e d   w i t h   t h e i r   l o n g   d i m e n s i o n s   p a r a l l e l  

to  t he   a x i s   of  t he   b a r r e l   and  t h u s   t r a n s v e r s e   t o  

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

p r e f e r a b l e   no t   to  c u r v e   t h e   e n d s   of  t h e   a n c h o r s   s o  

as  to   o b t a i n   maximum  b l o c k a g e   a g a i n s t   e r o s i o n .   I n  

F i g u r e   5  a n o t h e r   e m b o d i m e n t   10a  of  t h e   a n c h o r   o f  

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

In  t h i s   e m b o d i m e n t   a  p a i r   of  a n c h o r   m e m b e r s   a r e  

a p p r o p r i a t e l y   s l o t t e d   as  shown  a t   20  so  as  to  b e  

i n t e r l o c k a b l e   in  t he   form  of  a  c r o s s .   A s s e m b l e d   i n  

t h i s   m a n n e r   t he   p a i r   of  a n c h o r s   10a  can   be  w e l d e d  

t o  a   s u r f a c e   ( no t   shown)  to  be  p r o t e c t e d   in  t h e  

same  m a n n e r   as  i s   t h e   a n c h o r   shown  in  F i g u r e   3 .  

The  a n c h o r s   10a  shown  in  F i g u r e   5  may  be  r e a d i l y  

a r r a y e d   upon  a  s u r f a c e   w i t h   t h e   arms  l l a   of  a d j a c e n t  

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

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

t i o n   f rom  e r o s i o n   s i m i l a r   to  t h a t   o b t a i n a b l e   w i t h  

h e x a g o n a l   g r a t i n g   bu t   w i t h o u t   the   d i s a d v a n t a g e s   o f  

c o n t i n u o u s   g r a t i n g s .  

The  a n c h o r s   of  t h i s   i n v e n t i o n   a r e   p a r t i c u l a r l y  

u s e f u l   in  e f f e c t i n g   r e p a i r s   or  p a t c h e s   in  e x i s t i n g  

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

the   r e p a i r   c o n s i s t s   m e r e l y  o f   s t r i p p i n g   away  d a m a g e d  



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

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

and  r e d e p o s i t i n g   r e f r a c t o r y .  



1.  A  m e t a l   a n c h o r   a d a p t e d   f o r   i n s t a l l a t i o n   b y  

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

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

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

w i d t h   s u b s t a n t i a l l y   e q u a l   to   t h e   t h i c k n e s s   of   t h e  

r e f r a c t o r y   to   be  a p p l i e d  t o   t h e   s u r f a c e   and  i t s  

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

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

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

of  t h e   a n c h o r   an  e x t e n d i n g   a rm,   t h e   e x t e n d i n g  

arms  t o g e t h e r   w i t h   t h e   i n t e r m e d i a t e   p o r t i o n   of  t h e  

a n c h o r   p r o v i d i n g   an  e r o s i o n   r e s i s t a n t   b a r r i e r   f o r  

t h e   p r o t e c t i o n   of  t h e   r e f r a c t o r y   and  t h e   c u t   a w a y  

p o r t i o n s   a d j a c e n t   t h e   a rms  p r o v i d i n g   room  f o r   t h e  

r e f r a c t o r y   t o   be  d e p o s i t e d   b e t w e e n   t h e   a rms  and  t h e  

s u r f a c e .  

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

e x t e n d i n g   a rms  a r e   b e n t   in  o p p o s i t e   d i r e c t i o n s   a w a y  
f r o m   t h e   p l a n e   of  t h e   i n t e r m e d i a t e   p o r t i o n .  

3.  A  m e t a l   a n c h o r   a c c o r d i n g   to   C l a i m   2,  w h e r e i n  

t h e   e x t e n d i n g   a rms  a r e   b e n t   on  g e n t l e   c u r v e s ,   t h e  

s h a p e   of  t h e   a n c h o r   a p p r o x i m a t i n g   t h e   s h a p e   o f  

t h e   l e t t e r   S .  

4.  A  m e t a l   a n c h o r   a c c o r d i n g   to   any  of  C l a i m s   1  t o  3 ,  

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

p o r t i o n   i n t o   w h i c h   r e f r a c t o r y   may  be  d e p o s i t e d .  

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

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

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

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

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

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

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

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



and  h a v i n g   c u t   away  p o r t i o n s   a t   e a c h   end  on  t h e  

s i d e   w e l d e d   to   t h e   s u r f a c e   w h e r e b y   t h e r e   i s  

p r o v i d e d   a t   e a c h   end  of  t h e   a n c h o r   an  e x t e n d i n g   a r m ,  

t h e   e x t e n d i n g   arms  t o g e t h e r   w i t h   t he   i n t e r m e d i a t e  

p o r t i o n   of  t h e   a n c h o r   p r o v i d i n g   an  e r o s i o n   r e s i s t a n t  

b a r r i e r   f o r   t h e   p r o t e c t i o n   of  t h e   r e f r a c t o r y   and  t h e  

c u t   away  p o r t i o n s   a d j a c e n t   t h e   arms  p r o v i d i n g   room  f o r  

t h e   r e f r a c t o r y   to   be  d e p o s i t e d   b e t w e e n   t he   arms  a n d  

t h e   s u r f a c e .  

6.  A  s t r u c t u r e   a c c o r d i n g   to   C l a i m   5,  w h e r e i n   t h e  

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

w i t h   t he   a n c h o r s   in  a l t e r n a t e   rows  b e i n g   d i s p o s e d  

a t   s u b s t a n t i a l l y   d i f f e r e n t   a n g l e s .  

7.  A  s t r u c t u r e   a c c o r d i n g   to   C l a i m   6,  w h e r e i n   t h e  

e x t e n d i n g   arms  on  e a c h   of  t h e   a n c h o r s   a r e   b e n t   i n  

o p p o s i t e   d i r e c t i o n s   away  f rom  t he   p l a n e   of  t h e  

i n t e r m e d i a t e   p o r t i o n .  

8.  A  s t r u c t u r e   a 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  

e x t e n d i n g   arms  a r e   b e n t   on  g e n t l e   c u r v e s ,   t h e   s h a p e  

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

S .  

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

to   any  of  C l a i m s   5  to   8  p r o v i d e d   w i t h   a  r e f r a c t o r y  

l i n i n g .  

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

a c c o r d i n g   to   any  of  C l a i m s   5  to   8  p r o v i d e d   w i t h   a  

m e t a l   f i b e r   r e i n f o r c e d   r e f r a c t o r y   l i n i n g .  
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