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@  Tube  coating  method  and  apparatus. 

A  method  and  apparatus  for  coating  the  interior  of  a 
tube  (10)  with  fusible  particles  entrained  in  a  flow  of  air. 
A  measured  charge  is  placed  in  an  unpacked  condition 
within  a  container  (18)  temporarily  isolated  (20)  from  a 
first  end  of  the  tube.  A  vacuum  is  established  in  the  tube 
and  in  a  tank  (34)  connected  to  the  second  end  of  the 
tube.  A  quick-opening  valve  (20)  thereafter  places  the 
container  in  fluid  communication  with  the  first  end  of  the 
tube. 



BACKGROUND  OF  THE  INVENTION 

This  i n v e n t i o n   r e l a t e s   to  the  i n t e r n a l   coa t ing   of  a  h e a t e d  

tube  and  in  p a r t i c u l a r   to  a  coa t ing   process   wherein  f u s i b l e   p a r t i c l e s  

are  t r a n s p o r t e d   through  the  tube  in  a  flow  of  a i r .  

It  is  f r e q u e n t l y   advantageous   to  coat  the  i n s ide   of  s t e e l  

tubing  with  n o n m e t a l l i c   l i n i n g s .   P roper ly   s e l e c t e d   l i n i n g s   can 

p r o t e c t   the  tube  a g a i n s t   e ros ion   or  c o r r o s i o n .   A  coa t ing   s u r f a c e  

which  is  smoother  than  tha t   of  the  tubing  i t s e l f   can  r e s u l t   in  a 

dec reased   p r e s s u r e   drop  of  f l u i d   f lowing  through  the  tube.  For  such  

a  purpose  m a t e r i a l s   have  been  used  such  as  p o l y p r o p y l e n e ,   c h l o r i n a t e d  

p o l y e t h e r ,   var ious   p o l y e s t e r ,   c e r t a i n   epoxy  and  vinyl  p o l y m e r s ,  

p o l y e t h y l e n e ,   p o l y t e t r a f l u o r o e t h y l e n e ,   and  nylon.  These  m a t e r i a l s  

may  be  e i t h e r   t h e r m o p l a s t i c   of  t h e r m o s e t t i n g ,   and  are  n o r m a l l y  

app l i ed   to  the  tube  a f t e r   i t   has  been  h e a t e d .  

It  is  d e s i r a b l e   tha t   the  i n t e r n a l   coa t ing   be  f ree   f rom 

voids  or  pin  holes .   It  also  should  have  a  uniform  t h i c k n e s s   and  a 

smooth  s u r f a c e .   The  method used  to  coat   the  tube  should  be  b o t h  

r e p r o d u c i b l e   and  simple  in  o p e r a t i o n .  

It  is  known  to  heat  and  r o t a t e   the  tube  to  be  coated  so 

tha t   f u s i b l e   p a r t i c l e s   conveyed  in  an  a i r   stream  and  i n j e c t e d   i n t o  

the  tube  will  s t i c k   to  the  su r face   and  form  a  coa t ing   t h e r e o v e r .  

There  have  been  many  methods,  along  with  appa ra tu s   t h e r e f o r ,   s u g -  

gested  i nvo lv ing   th i s   general   concept   of  coa t ing   a  t u b e .  

F l u i d i z e d   beds  have  been  sugges ted   as  a  supply  source  f o r  

the  f u s i b l e   p a r t i c l e s   from  which  l o c a t i o n   they  are  c a r r i e d   t h r o u g h  

the  tube  in  a  stream  of  a i r .   This  is  g e n e r a l l y   a  con t inous   f l o w i n g  

stream  with  excess  p a r t i c l e s   c o l l e c t e d   at  the  o ther   end.  In  some 



cases  the  appa ra tu s   p rovides   a  means  for  r e v e r s i n g   flow  through  t h e  

tube  from  a  second  f l u i d i z e d   bed  to  promote  u n i f o r m i t y   of  c o a t i n g  

of  the  t u b i n g .  

It  has  been  sugges ted   to  use  a  timed  pulse   of  flow  c a r r y -  

ing  the  f l u i d i z e d   p a r t i c l e s   fo l lowed  with  a  flow  of  p a r t i c l e - f r e e  

a i r   scavenging   the  t u b e .  

These  va r ious   methods  in  general   r e q u i r e   a  s i g n i f i c a n t  

excess  of  p a r t i c l e   flow  and /o r   t iming  of  the  cyc le .   E f f e c t i v e n e s s  

of  th i s   o p e r a t i o n   r e q u i r e s   t h a t   the  t imer   be  c o n s i s t e n t   and  r e a d i l y  

a d j u s t a b l e   and  t h a t   the re   be  no  leaks  in  the  system  whereby  t h e  

t iming  would  not  r e p r e s e n t   an  a p p r o p r i a t e   p a r t i c l e   flow.  A  u n i f o r m ,  

p r e f e r a b l y   th in   and  smooth  c o a t i n g ,   remains  d i f f i c u l t   to  ob ta in   in  a 

c o n s i s t e n t   and  r e p r o d u c i b l e   manner .  

SUMMARY  OF  THE  INVENTION 

The  tube  to  be  coated  is  hea ted ,   h o r i z o n t a l l y   s u p p o r t e d ,  

and  r o t a t e d   in  accordance   with  common  p r a c t i c e .   The  f i r s t   end  o f  

the  tube  to  be  coated   is  connected   to  a  cha rg ing   c o n t a i n e r   with  a 

pipe  i n c l u d i n g   a  q u i c k - o p e n i n g   valve  which  is  c l o sed   at  t h i s   t i m e .  

A  measured  charge  of  the  c o a t i n g   ma te r i a l   is  placed  in  the  c o n t a i n e r .  

The  second  end  o f   the  tube  is  connected   with  a  pipe  t o  a  

vacuum  tank.   A  vacuum  pump  p laces   the  tank  and  the  tube  u n d e r  

vacuum.  The  valve  is  suddenly  opened  so  t ha t   flow  suddenly  o c c u r s  

from  the  c o n t a i n e r   into  the  tube  c a r r y i n g   the  f u s i b l e   p a r t i c l e s  

with  i t .   The  vacuum  in  the  tank  and  the  tube  causes  a  high  i n i t i a l  

flow  ra te   which  dec r ea se s   with  time  as  the  vacuum  is  d i s s i p a t e d   by 

the  i n f lowing   a i r .   The  vacuum  pump  may or  may  not  be  o p e r a t e d  

dur ing  t h i s   t i m e .  

An  a d d i t i o n a l   valve  may  be  added  between  the  tube  and  t h e  

vacuum  tank  so  t h a t   vacuum  may be  drawn  w i th in   the  tank  while  t h e  

tube  is  being  placed  into  p o s i t i o n .   The  valve  is  then  opened  t o  

place  the  tube  under  vacuum  as  well  as  the  tank;  and  when  t h e  

vacuum  has  been  e s t a b l i s h e d   at  the  proper   l e v e l ,   the  q u i c k - o p e n i n g  

valve  i n i t i a t e s   the  process   as  d e s c r i b e d   a b o v e .  

The  a p p a r a t u s   for   c a r r y i n g   out  t h i s   method  i nc ludes   a  

measur ing  means  for  d e p o s i t i n g   only  a  p r e d e t e r m i n e d   q u a n t i t y   o f  

f u s i b l e   p a r t i c l e s   wi th in   the  c o n t a i n e r .   These  p a r t i c l e s   are  p l a c e d  



with in   the  c o n t a i n e r   in  an  unpacked  c o n d i t i o n   e i t h e r   by  using  a 

f l u i d i z e d   bed  or  by  pouring  them  into  the  chamber  over  a  f a l l  

b reaking   appa ra tu s   which  will  permit   the  p a r t i c l e s   to  remain  in  a 

f l u f f e d   c o n d i t i o n   for  s u f f i c i e n t   time  to  achieve   o p e r a t i o n   of  t h e  

a p p a r a t u s .  

The  vacuum  level  in  the  tank  is  sensed,   and  means  a r e  

provided  for  opening  the  qu i ck -open ing   valve  in  response   to  a  p r e -  
s e l e c t e d   vacuum  l e v e l .  

A  p l u r a l i t y   of  vacuum  tanks  may  be  connected   to  t h e  

i n i t i a l   tank  to  provide  a  c o n t r o l l a b l e   v a r i a t i o n   in  the  volume 

which  is  evacua ted .   This  p rov ides   a b i l i t y   to  e a s i l y   man ipu la t e   t h e  

time  ra te   of  flow  v a r i a t i o n   when  opening  the  qu i ck -open ing   v a l v e .  

BRIEF  DESCRIPTION  OF  THE  DRAWING 

Figure  1  i l l u s t r a t e s   a  schemat ic   a r rangement   of  the  s y s t e m  

i n c l u d i n g   e lementa ry   c o n t r o l s ;  

Figure  2  i l l u s t r a t e s   the  r e l a t i o n s h i p   between  vacuum  and 

time;  and 

Figure  3  r e p r e s e n t s   the  r e l a t i o n s h i p   between  flow  t h r o u g h  

the  tube  and  t i m e .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENT 

The  tube  to  be  coated  10  is  f i r s t   c leaned  and  p r e f e r a b l y  

i n t e r n a l l y   sand  b l a s t e d   to  white  metal .   A  primer  may or  may  not  be 

a p p l i e d   to  the  clean  s u r f a c e .   This  tube  is  then  p rehea t ed   to  a 

t e m p e r a t u r e   level  above  the  mel t ing   point   of  the  powder  which  w i l l  

be  depos i t ed   on  the  i n t e r n a l   s u r f a c e .   The  ac tual   t e m p e r a t u r e   l e v e l  

depends  on  the  coa t i ng   ma te r i a l   to  be  u s e d .  

This  tube  is  then  p laced  on  r o l l s   12  while  s t i l l   hot  and 

r o t a t e d   at  a  p r ede t e rmined   speed  such  as  100  rpm.  This  r o t a t i o n   a i d s  

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

Air  t i g h t   r o t a r y  c o n n e c t i o n   14  connects   the  f i r s t   end  o f  

the  tube  to  be  coated  by  pipe  16  to  a  charg ing   l o c a t i o n   w i t h i n  

c o n t a i n e r   18.  The  pipe  16  i nc ludes   a  qu i ck -open ing   valve  20  whereby  

the  c o n t a i n e r   may  be  s e l e c t i v e l y   placed  in  f l u id   communication  w i t h  

the  tube  i n t e r i o r .  



A  hopper  22  c o n t a i n s   a  supply  of  powdered  ma te r i a l   which  

is  to  be  used  for  coa t i ng   the  pipe.   A  p r e d e t e r m i n e d   weight  of  t h e  

f u s i b l e   p a r t i c l e s   24  are  to  be  used  to  coat  the  i n t e r i o r   of  the  t u b e .  

The  d e s i r e d   amount  of   these   p a r t i c l e s   for  the  tube  to  be  coated  a r e  

weighed  in  sca le   26,  and  the  s e l e c t e d   charge  is  then  p laced  w i t h i n  

the  c o n t a i n e r   18.  They  are  l oca t ed   wi th in   the  c o n t a i n e r   at  a  l o c a -  

t ion   g e n e r a l l y   near  the  o u t l e t   through  pipe  16  and  are  p r e f e r a b l y  

ma in t a ined   in  a  f l u f f e d   or  unpacked  c o n d i t i o n .   As  i l l u s t r a t e d ,   a 

f l u i d i z e d   bed  is  used  wherein  a  supply  of  f l u i d i z i n g   a i r   passes   i n  

through  pipe  28  and  valve  30  through  bed  suppor t   32  in  a c c o r d a n c e  

with  well-known  f l u i d i z i n g   p r i n c i p l e s .   A l t e r n a t e l y   the  m a t e r i a l  

could  be  p laced  in  a  c o n t a i n e r   gen t ly   so  t h a t   i t   r e t a i n s   a  f l u f f e d  

c o n d i t i o n   which  may  be  m a i n t a i n e d   so  long  as  the  c o n t a i n e r   is  n o t  

unduly  j a r r e d   or  v i b r a t e d .  

An  i m p e r f o r a t e   vacuum  tank  34  is  connected   to  the  s e c o n d  

end  of  the  tube  10  with  an  a i r   t i g h t   r o t a r y   coupl ing   38.  The 

connec t i ng   pipe  40  between  the  i n l e t   connec t ion   42  on  the  i m p e r -  

f o r a t e   tank  34  and  the  r o t a r y   coupl ing   38  may  inc lude   valve  44  i f  

c e r t a i n   o p e r a t i o n   as  d e s c r i b e d   below  is  r e q u i r e d .   Otherwise   t h i s  

valve  is  not  r e q u i r e d .  

A  vacuum  pump  46  such  as  an  a i r   e j e c t o r   is  in  f l u i d  

communication  with  the  tank  34  through  pipe  48  and  o p e r a t e s   to  p l a c e  

the  tank  under  vacuum.  With  valve  20  c losed   and  valve  44  e i t h e r  

omi t ted   or  open,  the  tank  and  the  i n t e r i o r   of  pipe  10  are  b o t h  

placed  under  vacuum.  Because  of  the  low  flow  ra te   through  the  p i p e  

e x i s t i n g   while   e s t a b l i s h i n g   a  vacuum,  the  vacuum  level  in  the  t a n k  

and  the  pipe  are  e s s e n t i a l l y   the  same  and  may  be  measured  by  p r e s s u r e  

sensor   50.  

Af te r   the  tube  to  be  coated   is  p laced  on  the  r o l l s   10 ,  

r o t a t a b l e   coup l ings   14  and  38  are  made  up;  and  with  valve  20  c l o s e d ,  

the  weighed  charge  is  p laced  in  tank  1 8 .   The  vacuum  pump  46  i s  

ope ra t ed   by  an  a i r   l ine   52;  and  a  vacuum  is  drawn  in  the  tank  34  and  

pipe  10.  The  vacuum  level   during  th i s   per iod   is  i l l u s t r a t e d   i n  

Figure   2,  wherein  the  vacuum  g e n e r a l l y   i n c r e a s e s   (51);   and  a s  

i l l u s t r a t e d ,   i t   is  held  at  a  p r e s e l e c t e d   level  ( 5 3 ) .  

When  the  vacuum  reaches   the  d e s i r e d   level  which  is  a 

f u n c t i o n   of  the  tank  s i z e ,   the  pipe  d i ame te r   and  l e n g t h ,   and  t h e  



coa t ing   ma te r i a l   used,  q u i c k - o p e n i n g   valve  20  is  opened  at  time  55. 

This  may  be  done  as  soon  as  the  vacuum  reaches   the  de s i r ed   l e v e l ,  

and  the  f l a t   po r t i on   i l l u s t r a t e d   in  Figure  2  is  not  n e c e s s a r y  
With  the  opening  of  valve  20  there   is  a  sudden  flow  o f  

a i r   into  the  tube  10  as  shown  in  Figure  3  by  curve  57.  The  vacuum 

in  the  tank  decays  as  i l l u s t r a t e d   by  59  in  Figure  2.  A c c o r d i n g l y ,  

the re   is  a  sudden  surge  of  a i r   flow  which  then  un i formly   d e c r e a s e s .  

The  sudden  change  in  the  p a r t i c l e   envi ronment   from  a t m o s p h e r i c  

p r e s s u r e   to  the  low  p r e s s u r e   causes  an  e x p l o s i o n - l i k e   a c t i o n   which  

c r e a t e s   a  cloud  of  powder  which  is  conveyed  through  the  tube.   The 

ra te   of  a i r   flow  peaks  and  decays  in  a  manner  r e l a t e d   to  the  vacuum. 

Curve  59  shows  the  c o n t i n u i n g   a i r   flow  when  the  vacuum  pump  c o n t i n u e s  

r u n n i n g .  

The  a i r   flow  p a t t e r n   is  a  f unc t i on   of  the  tank  volume  and 

the  tube  s ize   as  well  as  the  vacuum  l eve l .   Some  e x p e r i m e n t a t i o n   i s  

at  p r e sen t   r e q u i r e d   in  order   to  de termine   the  a p p r o p r i a t e   p a r a m e t e r s  

for  a  p a r t i c u l a r   tube  and  tube  c o a t i n g .   For  a  p a r t i c u l a r   c o a t i n g  

too  low,  a  tube   t e m p e r a t u r e   r e s u l t s   in  a  c o n s i d e r a b l e   amount  of  t h e  

p a r t i c l e s   pass ing   comple te ly   through  the  tube,   poor  adhes ion ,   and  a 

tendency  for  a  powdery  d e p o s i t .   Any  d e p o s i t   also  tends  to  be  t h i n  

on  the  upstream  end.  On  the  o the r   hand,  too  high  a  tube  t e m p e r a t u r e  

not  only  invo lves   handl ing  tubes  at  u n n e c e s s a r i l y   high  t e m p e r a t u r e  

l e v e l s   and  a  waste  of  energy  but  also  r e s u l t s   in  e x c e s s i v e   c o a t i n g  

at  the  upstream  end  of  the  t u b e .  

A  roughened  i n t e r n a l   su r face   seems  to  occur  when  the  t u b e  

is  too  hot  or  when  the  powder  is  i n s u f f i c i e n t l y   f l u f f e d   in  c o n t a i n e r  

18. 

I n s u f f i c i e n t   coa t ing   at  the  upstream  end  seems  to  be  c a u s e d  

by  too  high  a  vacuum. 

I n s u f f i c i e n t   coa t ing   at  the  downstream  end  tends  to  be 

caused  by  i n s u f f i c i e n t   powder  q u a n t i t y   or  by  too  low  a  vacuum. 

I n o r d i n a t e   wastage  of  ma te r i a l   c a r r i e d   through  the  t u b e  

seems  to  be  caused  by  too  cool  a  t u b e .  

S p e c u l a t i o n   on  the  reasons  for  the  good  r e s u l t s   o b t a i n e d  

in  l a b o r a t o r y   t e s t s   sugges t s   tha t   the  r e s u l t   may  be  r e l a t e d   to  h e a t  

t r a n s f e r   r equ i r emen t s   between  the  p a r t i c l e s   and  the  tube  i t s e l f .  

High  v e l o c i t y   is  i n i t i a l l y   used  when  the  incoming  p a r t i c l e s   a r e  



r a d i a n t l y   exposed  to  the  hot  tubing  whereby  some  s t i c k   at  t h e  

upstream  end  and  o the r s   are  heated  as  they  pass  down  the  t u b e .  

The  dec reased   flow  with  time  r e t a r d s   those   p a r t i c l e s   which  have  

a l r e a d y   passed  to  l o c a t i o n s   near  the  o u t l e t ,   and  the  flow  is  r e d u c e d  

at  a  time  when  the  p a r t i c l e s   wi th in   the  dust   cloud  r a d i a t e   not  t o  

the  wall  d i r e c t l y   but  to  o the r   p a r t i c l e s   which  have  a l r e a d y   fo rmed  

a  po r t i on   of  the  s u r f a c e .   These  p a r t i c l e s ,   a c c o r d i n g l y ,   r a d i a t e  

to  a  lower  t e m p e r a t u r e   l e v e l ;   and  more  time  is  r e q u i r e d   for  h e a t  

t r a n s f e r .   The  dec reased   a i r   flow  accommodates  th i s   need,  and  a 

uniform  c o a t i n g   is  ob ta ined   with  l i t t l e   w a s t a g e .  

The  pipe  16  should  be  of  a  sma l l e r   d i ame te r   than  the  t u b e  

to  be  coa ted .   This  i n c r e a s e s   the  v e l o c i t y   thru  pipe  16  d e c r e a s i n g  

or  avo id ing   the  p o s s i b i l i t y   of  powder  remaining  in  th i s   p i p e .  

Mater ia l   l e f t   behind  would  cause  e r r a t i c   q u a n t i t y   d e l i v e r y   to  t h e  

s u c c e s s i v e   pipes  being  coa ted .   The  high  v e l o c i t y   in  pipe  16  a s  

compared  to  the  dec reased   v e l o c i t y   in  the  tube  10  r e s u l t s  i n   good 

d i s p e r s a l   of  the  m a t e r i a l   with  the  t u b e .  

Any  p a r t i c l e s   which  are  c a r r i e d   through  the  system  a r e  

c o l l e c t e d   in  c e n t r i f u g a l   vacuum  tank  34  or  in  bag  f i l t e r   54.  

These  p a r t i c l e s   may  be  i n t e r m i t t e n t l y   removed  through  valves  56 

and  58,  r e s p e c t i v e l y .   While  these   p a r t i c l e s   may  be  r e c y c l e d   f o r  

use,  i t   s t i l l   is  not  d e s i r a b l e   to  have  a  s u b s t a n t i a l   amount  o f  

p a r t i c l e s   pass ing   through  the  pipe.   To  the  e x t e n t   t ha t   the re   i s  

l a rge   wastage  at  the  pipe  d i s c h a r g e ,   t h i s   p rov ides   an  i n c r e a s i n g l y  

s i z a b l e   p e r c e n t a g e   of  the  i n j e c t e d   m a t e r i a l   which  is  p a s s i n g  

comple te ly   through  the  pipe  and  not  being  d e p o s i t e d   on  the  s u r f a c e .  

The  l a r g e r   t h i s   amount  the  more  v a r i a t i o n   the re   is  in  the  a c t u a l  

pipe  coa t ing   with  v a r i a t i o n s   in  system  o p e r a t i o n .  

A u x i l i a r y   vacuum  tanks  60  and  62  are  i s o l a t a b l y   c o n n e c t e d  

to  the  vacuum  tank  34  through  valves   64  and  66.  These  tanks  may  be 

cut  in  or  out  as  d e s i r e d   the reby   vary ing   the  v o l u m e t r i c   c a p a c i t y  

of  the  vacuum  system.  A c c o r d i n g l y ,   the  time  flow  c h a r a c t e r i s t i c  

of  the  system  may  be  a d j u s t e d .  

The  system  may  be  a u t o m a t i c a l l y   ope ra ted   with  p r e s s u r e  

sensor   50  s e n d i n g  a   con t ro l   s ignal   through  con t ro l   l ine   68  to  a  s e t  

po in t   70  where  the  s ignal   is  compared  to  a  d e s i r e d   p r e s s u r e   l e v e l  

s ignal   or  se t   poin t   72.  This  may  ope ra t e   to  ma in ta in   a  vacuum 



level  in  the  tank  by  varying  the  a i r   flow  through  l ine   52  by 

modula t ing   cont ro l   valve  74  with  c o n t r o l l e r   76.  In  the  event  t h a t  

the  p r e s e l e c t e d   vacuum  level  is  reached  wi th in   the  vacuum  t a n k  

before   the  remainder   of  the  system  is  p r epa red ,   th i s   cont ro l   w i l l  

l i m i t   the  vacuum  and  hold  i t   at  a  p r e s e l e c t e d   l e v e l .  

The  con t ro l   s ignal   i n d i c a t i v e   of  p r e s s u r e   level  f rom 

p r e s s u r e   sensor   50  also  passes  through  cont ro l   l ine   78  to  set  p o i n t  

l o c a t i o n   80  where  i t   is  compared  with  a  set  point   82  which  r e p r e s e n t s  

the  d e s i r e d   p r e s s u r e   level  at  which  the  qu i ck -open ing   valve  20  is  t o  

open.  When  the  vacuum  reaches   the  p r e s e l e c t e d   l e v e l ,   a  s ignal   i s  

sent   through  cont ro l   l ine   84  to  c o n t r o l l e r   86  which  opens  the  q u i c k -  

opening  valve  20. 

Depending  on  the  c h a r a c t e r i s t i c s   of  the  p a r t i c u l a r   vacuum 

pump  46  being  used,  i t   may  be  advantageous   at  times  to  inc lude   v a l v e  

44  which  may  be  c losed   while  pipe  10  is  being  changed.  The  vacuum 

pump  may  ope ra t e   at  t h i s   time  to  e s t a b l i s h   a  vacuum  in  tank  34  w h i l e  

the  pipe  is  being  changed.  When  the  new  pipe  is  in  p lace ,   valve  44 

is  opened  with  pipe  10  being  evacua ted   at  which  time  i t   would  be 

ready  to  ope ra t e   in  accordance   with  the  a b o v e - d e s c r i b e d   p r o c e d u r e .  

Experiments   were  c a r r i e d   out  to  i n t e r n a l l y   coat   pipe  to  a 

t h i c k n e s s   of  20  to  23  mic romete r s .   The  pipe  was  a  range  2  d r i l l  

pipe  which  is  a  pipe  a p p r o x i m a t e l y   9.5  meters  long.  The  m a t e r i a l  

used  to  coat   the  pipe  was  an  epoxy  melt  mix  of  a p p r o x i m a t e l y   t h e  

fo l lowing   compos i t ion :   The  p a r t i c u l a r   ma te r i a l   used  was  an  epoxy 

powder  prepared   by  Whi t t ake r   Coatings  and  Chemicals  Co.  of  C o l t o n ,  

C a l i f o r n i a ,   using  the  t rade   name,  " I n t e r i o r   Oil  Pipe  Coa t ing- -E .   S. 

Powder".  The  m a n u f a c t u r e r   code  i d e n t i f i c a t i o n   was  8502-B235.  

Four  d i f f e r e n t   pipe  s izes   were  t r i e d ,   and  the  p r e f e r r e d  

q u a n t i t i e s   of  powder,  vacuum,  and  pipe  t e m p e r a t u r e   are  set   fo r th   i n  

Table  1.  The  vacuum  s e t t i n g   given  in  the  t ab l e   is  the  t r i p   p o i n t  

at  which  the  qu i ck -open ing   valve  is  opened.  The  vacuum  tank  had  a 

volume  of  0.125  cubic  meters .   Cons ide r ing   the  connec t ing   hoses  a s  

well  as  the  pipe  to  be  coa ted ,   the  t o t a l   volume  var ied   from  0.221 

cubic  meters  for  12.7  c e n t i m e t e r   pipe  down  to  0.163  cubic  m e t e r s  

for  8.9  c e n t i m e t e r   p i p e .  



The  f l e x i b l e   hose  connec t ing   the  charg ing   l o c a t i o n   to  t h e  

pipe  was  a p p r o x i m a t e l y   3.8  c e n t i m e t e r s   i n s ide   d i ame te r .   It   was 

e s t i m a t e d   t ha t   the  v e l o c i t y   in  t h i s   l ine   was  ma in ta ined   at  a p p r o x i -  

mately  20  meters  per  second  with  the  ven tur i   vacuum  system  b e i n g  

kept  in  o p e r a t i o n .  

S a t i s f a c t o r y   coa t i ngs   were  ob ta ined   over  a  range  of  a b o u t  

28°  C  from  140°  C  to  170°  C.  It  i s ,   however,  r e q u i r e d   tha t   t h e  

end - to - end   pipe  t empera tu re   not  vary  more  than  5°  to  8°   C.  Some 

e x p e r i m e n t a t i o n   is  obv ious ly   r e q u i r e d   to  achieve   the  optimum 

c o n d i t i o n s   for  o the r   coa t ing   m a t e r i a l s   and  pipe  s i z e s .  



1.  A  method  of  l i n i n g   a  heated  tube  c o m p r i s i n g :  

s u p p o r t i n g   and  r o t a t i n g   the  heated  tube  to  be  i n t e r n a l l y   c o a t e d ;  

i s o l a t i n g   a  f i r s t   end  of  said  tube  from  the  i ng ress   of  a i r ;   p l a c i n g  
the  tube  i n t e r i o r   in  f l u id   communication  with  a  tank  via  a  s econd  

end  of  said  tube;   e s t a b l i s h i n g   a  vacuum  in  said  tank  and  the  t u b e ;  

measuring  a  charge  of  coa t ing   m a t e r i a l ;   p lac ing   said  charge  o f  

coa t ing   ma te r i a l   in  an  unpacked  c o n d i t i o n   wi th in   a  charged  l o c a t i o n ;  
and  t h e r e a f t e r   suddenly  p lac ing   said  charge  in  f l u i d   communica t ion  

with  said  tube  via  the  f i r s t   end  of  said  t u b e .  

2.  A  method  as  in  Claim  1  wherein  the  s teps  of  p l a c i n g  
the  tube  i n t e r i o r   in  f l u i d   communication  and  e s t a b l i s h i n g   a  vacuum 

comprise:   i s o l a t i n g   said  tank  from  the  i ng ress   of  a i r ;   e s t a b l i s h i n g  

a  vacuum  in  said  tank;  t h e r e a f t e r   p l ac ing   the  tube  in  f l u i d   communi- 

ca t ion   with  said  t a n k .  

3.  A  method  as  in  Claim  1  wherein  the  step  of  p l a c i n g  
said  charge  in  f l u i d   communication  with  said  tube  c o m p r i s e s :  

conveying  said  charge  to  said  tube  at  a  f i r s t   v e l o c i t y ;   and  c o n v e y i n g  
said  charge  thru  said  tube  at  a  lower  v e l o c i t y .  

4.  A  method  of  l i n i n g   a  heated  tube  compr i s ing :   s u p p o r t -  

ing  and  r o t a t i n g   the  heated  tube  which  is  to  be  i n t e r i o r l y   c o a t e d ;  

p l ac ing   a  measured  charge  of  f u s i b l e   coa t ing   ma te r i a l   in  an  unpacked  

c o n d i t i o n   wi th in   a  charged  l o c a t i o n ;   and  e n t r a i n i n g   said  charge  i n  

a  flow  of  a i r   and  conveying  the  flow  through  the  i n t e r i o r   of  t h e  

pipe;   c h a r a c t e r i z e d   in  tha t   the  flow  is  i n i t i a t e d   at  a  high  r a t e  

and  immedia te ly   and  smoothly  reduced  t h e r e f r o m .  

5.  An  appa ra tu s   for  l i n ing   a  heated  tube  c o m p r i s i n g :  

means  for  s u p p o r t i n g   and  r o t a t i n g   the  tube  to  be  l i ned ;   a  c o n t a i n e r  

for  holding  f u s i b l e   p a r t i c l e s   which  are  to  be  d e l i v e r e d   to  s a i d  

tube;   a  f eedp ipe   connected  to  said  c o n t a i n e r   and  s e a l a b l y   c o n n e c t -  

able  to  one  end  of  the  tube  to  be  coa ted ;   an  i m p e r f o r a t e   tank  hav ing  

an  i n l e t   connec t ion   and  an  o u t l e t   c o n n e c t i o n ;   a  d i s c h a r g e   p i p e  

c o n n e c t a b l e   to  the  second  end  of  the  tube  to  be  l ined   and  c o n n e c t e d  

to  the  i n l e t   connec t ion   of  said  tank;  a  qu i ck -open ing   valve  l o c a t e d  

in  said  f e edp ipe ;   a  vacuum  pump connected  to  the  o u t l e t   c o n n e c t i o n  

of  said  tank;  and  measuring  means  for  d e p o s i t i n g   in  said  c o n t a i n e r  

only  a  p r ede t e rmined   q u a n t i t y   of  f u s i b l e   p a r t i c l e s .  



6.  An  a p p a r a t u s   as  in  Claim  5  wherein  said  m e a s u r i n g  

means  comprises   weighing  means.  

7.  An  appa ra tu s   as  in  Claim  5  having  a l so :   s e n s i n g  

means  for   sens ing   the  level  of  vacuum  w i t h i n  t h e   heated  t u b e ;  

means  for  qu ick ly   opening  said  qu i ck -open ing   valve  in  r e sponse   t o  

said  s ens ing   means  when  the  measured  vacuum  level  reaches   a 

p r e d e t e r m i n e d   vacuum  l e v e l .  

8.  An  appa ra tu s   as  in  Claim  5  or  7  having  a l so :   a 

p l u r a l i t y   of  supp lemen ta ry   t anks ;   a  p l u r a l i t y   of  pipes  f l u i d l y  

connec t i ng   each  of  said  supp lemen ta ry   tanks  to  said  i m p e r f o r a t e  

tank;  and  means  for  s e l e c t i v e l y   i s o l a t i n g   each  of  said  s u p p l e m e n t a r y  

tanks  from  said  i m p e r f o r a t e   t a n k .  

9.  An  appa ra tu s   as  in  Claim  5:  wherein  the  flow  a r e a  

of  said  f eedp ipe   is  less   than  the  flow  area  of  said  t u b e .  
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