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(5)  Method  for  the  manufacture  of  externally  coated  tube  from  steel  strip  and  tube  made  by  the  method. 

Externally  coated  steel  tube  is  made  from  steel  strip  by 
longitudinally  folding  and  welding  the  strip  to  form  the  tube 
(200),  preheating  (205) the  tube  and  applying  powder  (206)  to 
the  exterior  of the  preheated  tube.  The  tube  is  then  baked  at  a 
higher  temperature  before  cooling.  In  order  to  achieve  an 
even  and  continuous  coating  when  using  thermosetting 
material  as  the  coating  powder, the  temperature  given  to  the 
tube  by  the  preheating  (205)  is  such  as  to  cause  the  coating 
powder to  melt  and  spread  out immediately  on  application  to 
form  a  substantially  continuous  coating,  before  substantial 
curing  of  the  coating  material  occurs.  Suitably,  this  is 
provided  by  passage  of  the  tube  through  a  box  (207)  which 
maintains  the  temperature  of  the  tube. 





This  i n v e n t i o n   r e l a t e s   to  a  method  of  making  t u b e  

from  s tee l   s t r i p   and  e x t e r n a l l y   c o a t i n g   the  tube  with  t h e r m o -  

s e t t i n g   m a t e r i a l ,   i n c l u d i n g   the  s teps   of  l o n g i t u d i n a l l y   f o l d i n g  

and  welding  the  s t r i p   to  form  the  tube ,   p r e h e a t i n g   the  tube,   a p -  

p lying  t h e r m o s e t t a b l e   m a t e r i a l   in  powder  form  to  the  e x t e r i o r   o f  

the  p rehea ted   tube,  i n d u c t i v e l y   h e a t i n g   the  tube  so  as  to  c a u s e  

curing  of  the  t h e r m o s e t t a b l e   m a t e r i a l ,   and  cool ing  the  coated  t u b e .  

The  i n v e n t i o n   f u r t h e r   r e l a t e s   to  tube  made  by  the  method. 



The  t h e r m o s e t t i n g   coa t ing   a p p l i e d   may  be  a   l a cque r ,   and  

we  s h a l l   use  t h i s   term  f r e q u e n t l y   in  the  f o l l o w i n g   d i s c u s s i o n .  

Many  p roposa l s   have  been  made  for  p r o c e s s e s   i n v o l v i n g   t h e  

con t inuous   l a c q u e r i n g   of  tube  immedia te ly   a f t e r   the  welding  of  t h e  

tube  f o l l o w i n g   i t s   shaping  from  s t e e l   s t r i p .  

For  i n s t a n c e ,   United  S t a t e s   pa ten t   s p e c i f i c a t i o n   3 , 6 1 6 , 9 8 3  

d e s c r i b e s   an  appa ra tu s   for  con t inuous   fo rma t ion   of  a  metal  t u b e  

which  is  i n t e r n a l l y   and  e x t e r n a l l y   coated  with  a r t i f i c i a l   r e s i n .  

The  e x t e r n a l   c o a t i n g   step  is  performed  by  app ly ing   a  powdered  s y n t h e t i c  

m a t e r i a l   a f t e r   c a l i b r a t i o n   (also  c a l l e d   " s i z i n g " ) ,   c l e a n i n g ,   l i q u i d -  

pr iming  and  i n d u c t i v e   h e a t i n g   of  the  p r e v i o u s l y   welded  and  i n t e r n a l l y  

coated  tube .   I t   is  fo l lowed  by  coo l ing   sawing  to  l eng th   and  s t o r a g e .  

Although  no  kinds   of  a r t i f i c i a l   r e s i n   are  s p e c i f i c a l l y   named,  i t   may 

be  concluded  beyond  a l l   doubt  from  the  s t a t ement   tha t   h e a t i n g   t a k e s  

place  "to  a  t e m p e r a t u r e   above  the  me l t ing   point   of  the  p l a s t i c  

t m a t e r i a l   u t i l i z e d " ,   tha t   the  p a t e n t e e s   are  concerned  with  t h e r m o p l a s t i c  

s y n t h e t i c   m a t e r i a l s .  

When  app ly ing   t h e r m o p l a s t i c   powders  i t   is  p o s s i b l e   to  s p r a y  

the  powder  d i r e c t l y   onto  a  p rehea ted   s u r f a c e ,   where  i t   mel ts   q u i c k l y  



and  forms  a  c losed   f i n a l   l a y e r ,   which  coo l ing   can  fol low  i m m e d i a t e l y .  

Thermoplas t i c   s y n t h e t i c   m a t e r i a l s ,   however,  have  the  d i s a d v a n t a g e  

tha t   they  must  be  a p p l i e d   in  a  c o n s i d e r a b l y   t h i c k e r   layer   t h a n  

t h e r m o s e t t i n g   s y n t h e t i c   m a t e r i a l s   in  order   to  achieve  the  same 

c o r r o s i o n - r e s i s t a n c e .   Bes ides ,   when  us ing  t h e r m o p l a s t i c   s y n t h e t i c  

m a t e r i a l s ,   s o - c a l l e d   "p r imers"   must  of ten   be  used  to  obta in   p r o p e r  

adherence  of  the  c o a t i n g   to  the  metal  s u r f a c e .  A n o t h e r   d i s a d v a n t a g e  

is  that   the  s t anda rd   t h e r m o p l a s t i c   s y n t h e t i c   m a t e r i a l s   such  as  p o l y -  

v i n y l - c h l o r i d e ,   nylon  e t c .   are  a  great   deal  more  expensive  t ha t   t h e  

usual   t h e r m o s e t t i n g   l a cque r   powders .  

The  use  of  t h e r m o s e t t i n g   coa t ing   m a t e r i a l   for  tubes  h a s  

been  proposed.   See  U.S.A.  Pa tent   No.  3 ,667,095  in  which  the  a p p l i -  

ca t ion   of  r e s i n   with  so lven t   p r io r   to  a  two-s tage   hea t ing   p r o c e s s  

is  p r o p o s e d .  

U.S.A.  Pa t en t   No.  3,965,551  proposes   a  method  as  d e s c r i b e d  

at  the  ou t se t   in  which  a f t e r   con t inuous   forming,  welding,  and  g a l -  

v a n i s i n g ,   the  tube  is  covered  with  t h e r m o p l a s t i c   or  t h e r m o s e t t i n g  

powder  and  then  hea ted   i n d u c t i v e l y   to  form  the  c o a t i n g .  



The  purpose  of  the  p r e h e a t i n g   be fore   a p p l i c a t i o n  

of  the  powder  is  to  dry  a  p r e v i o u s l y   app l i ed   l i q u i d   c o a t i n g ,  

e .g.   s o l v e n t - b a s e d   primer  coa t ing .   When  a  t h e r m o s e t t i n g   powder 

m a t e r i a l   is  used  as  the  e x t e r i o r  c o a t i n g ,   the  c o n t r o l l e d   h e a t i n g  

to  e f f e c t   me l t ing   and  cur ing   takes   place  e n t i r e l y   a f t e r   t h e  

powder  has  been  app l i ed .   This  method  is  not  f u l l y   s a t i s f a c t o r y ,  

and  we  have  found  it   open  to  improvement,  in  p a r t i c u l a r   to  a c h i e v e  

a  more  r ap id   me l t i ng   and  f lowing  of  the  powder  without   the  f o r -  

mation  of  bubbles   or  b l i s t e r s   in  the  c o a t i n g   due  to  ent rapped  a i r  

and  chemical   r e a c t i o n   products   in  the  c o a t i n g .  

The  objec t   of  t h i s   i n v e n t i o n   is  to  improve  the  known 

p r o c e s s e s   de sc r ibed   above  in  order  to  provide   a  process   s u i t a b l e  

for  use  with  t h e r m o s e t t i n g   coa t ing   m a t e r i a l ,   and  in  p a r t i c u l a r  

a  p rocess   which  wi l l   achieve  a  smooth  and  con t inuous   layer   o f  

cured  t h e r m o s e t t i n g   m a t e r i a l   on  the  tube  wi thout   fo rmat ion   o f  

bubbles   or  b l i s t e r s   in  the  c o a t i n g .  

The  method  of  the  i n v e n t i o n   as  claimed  is  i n t e n d e d  

to  s o l v e  t h i s   p r o b l e m .  

The  method  p r e f e r a b l y   i nc ludes   the  s teps   o f ,  

a f t e r   welding  and  before   p r e - h e a t i n g  t h e   t u b e ,  c l e a n i n g   i t s  

e x t e r i o r   su r face   and  p r e - t r e a t i n g   i t s   e x t e r i o r   su r face   t o  

improve  adherence  of  the  t h e r m o s e t t i n g   c o a t i n g   and  to  improve 

c o r r o s i o n - r e s i s t a n c e .  



Heat ing   of  the  tube  both  before   and  a f t e r   t h e  

powder  is  app l i ed   is  e s s e n t i a l   to  the  method  a cco rd ing   to  t h e  

i n v e n t i o n .   The  purpose  of  p r e h e a t i n g   is  to  cause  me l t i ng   o f  

the  t h e r m o s e t t i n g   powder  as  soon  as  it  is  app l i ed .   It  t h u s  

spreads  out  ac ross   the  p rehea ted   su r face ,   so  that   the  e n t i r e  

process   is  speeded  up.  This  p r e h e a t i n g   can  also  aid  the  f o r -  

mation  of  a  proper   smooth  f i n a l   l a y e r .  

The  moving  tube  product  is  p r e f e r a b l y   p r e h e a t e d ,  

s u i t a b l y   by  m i d d l e - f r e q u e n c y   i n d u c t i o n   hea t ing ,   to  a  maximum 

t e m p e r a t u r e   of  200°C,  or  any  other   s u i t a b l e   t e m p e r a t u r e   a t  

which  the  ha rden ing   r e a c t i o n   of  the  t h e r m o s e t t i n g   m a t e r i a l  

does  not  p r o g r e s s   very  qu ick ly .   However,  the  powder  w i l l   s t a r t  

to  melt  and  flow  t o g e t h e r   and  as  a  r e s u l t   of  the  very  s low 

p rog re s s   of  ha rden ing   at  the  t empera tu re   chosen  wil l   have  t h e  

o p p o r t u n i t y   to  work  i t s e l f   into  a  smooth  film  across   the  t u b e  

s u r f a c e .   In  t h i s   way  it   is  p o s s i b l e   to  achieve  a  s a t i s f a c t o r y  

c losed  f i n a l   l a y e r .  

Since  the  powder  is  heated  from  ins ide   by  the  h e a t  

of  the  tube  and  thus  melts  from  the  ins ide   outwardly ,   e n t r a p p e d  

a i r   and  any  gases  produced  on  mel t ing   can  escape  ou twardly   a s  

me l t ing   p r o g r e s s e s .   It  is  a d d i t i o n a l l y   he lp fu l   tha t   m e l t i n g   b e -  

gins  even  while  the  powder  is  being  a p p l i e d .  



In  the  succeed ing   stage  a  h igher   t empera tu re   is  p r o d u c e d ,  

again  p r e f e r a b l y   in  the  tube  m a t e r i a l   by  means  of  m i d d l e - f r e q u e n c y  

i n d u c t i o n   h e a t i n g ,   so  tha t   ha rden ing   of  the  t h e r m o s e t t i n g   l a y e r   i s  

i n i t i a t e d .   A  t h i r d   impor tan t   step  is  to  main ta in   a  s u i t a b l e   h i g h e r  

t e m p e r a t u r e   (e .g .   4000  C  maximum)  of  the  tube  for  a  c e r t a i n   p e r i o d e  

s u f f i c i e n t   to  produce  ha rden ing   or  cur ing   of  the  l a y e r .  

An  embodiment  of  the  i n v e n t i o n   wil l   now  be  d e s c r i b e d   w i t h  

r e f e r e n c e   to  the  accompanying  drawing,   the  s ing le   f igure   of  w h i c h  

is  an  o u t l i n e   top  view  of  a  p r o d u c t i o n   l ine   for  s t e e l   tube,   t h e  

l i n e   is  being  drawn  in  th ree   s e c t i o n s   one  below  the  o the r .   The  a r r o w s  

show  the  path  of  the  tube  m a t e r i a l .  

In  the  s t r i p   p r e p a r a t i o n   device   198,  each  coi l   of  s t e e l  

s t r i p   is  welded  to  the  p rev ious   co i l   to  form  an  end less   s t r i p   w h i c h  

is  c o n t i n u o u s l y   fed  th rough   the  p l a n t .   In  the  s t r i p - c l e a n i n g  

device  199,  the  s t r i p   is  c l eaned .   In  the  sha r ing ,   welding  and  

c a l i b r a t i n g   machine  200,  a  tube  is  shaped  out  of  the  s t r i p ,   i s  

welded  and  next  s ized  or  c a l i b r a t e d   to  the  proper   d e s i r e d   end  s i z e .  

I f   n e c e s s a r y   a  s t r a i g h t e n i n g   uni t   201  fo l lows .   O p t i o n a l l y ,   p r e -  

h e a t i n g   of  the  tube  can  take  place  in  a  gas  furnace   202.  



In  a  d e g r e a s i n g   and  phospha t i ng   s ec t ion   203  the  tube  is  c l e a n e d  

on  the  ou t s ide   and  provided  with  a  priming  coat  e . g .  i r o n   p h o s p h a t e  

to  enhance  l acque r   adhe rence .   There  fol lows  a  r i n s i n g   bath  204 ,  

in  which  the  tube  is  r i n s e d   c lean .   So  far ,   the  p rocess   is  c o n -  

v e n t i o n a l ,   and  need  not  be  de sc r ibed   in  more  d e t a i l .  

A  f i r s t   m i d d l e - f r e q u e n c y   induc t ion   h e a t i n g   fu rnace   205 ,  

e n c i r c l i n g   the  tube  path  in  the  manner  of  a  coi l   ( i t s   f r equency   i s  

approx.   3000  Hz)  s e rves   to  dry  the  tube  and  to  heat  i t   to  a  

t e m p e r a t u r e   of  approx.   50  to  150  degrees  C  (maximum  200  degrees   C) ,  

the  exact  t e m p e r a t u r e   being  chosen  according   to  the  m e l t i n g  

t e m p e r a t u r e   of  the  l a cque r   powder  to  be  app l ied   nex t .   By  a  known 

e l e c t r o s t a t i c   t e c h n i q u e ,   t h e r m o s e t t i n g   powder  is  then  a p p l i e d   t o  

the  tube  in  the  powder  cabin  206,  as  a  s t a r t i n g   m a t e r i a l   for   t h e  

d e s i r e d   l acquer   c o a t i n g .   Epoxy  r e s i n s ,   p o l y e s t e r   r e s i n s   such  a s  

p o l y u r e t h a n e s ,   p o l y a c r y l a t e   r e s i n s   or  combinat ions   of  these   may 

serve  as  s u i t a b l e   t h e r m o s e t t i n g   s y n t h e t i c   m a t e r i a l s   in  powder  f o rm.  

As  a  r e s u l t   of  the  i n t e r n a l   heat  con ta ined   in  the  t u b e ,  

the  powder  mel ts   when  a p p l i e d .   In  the  subsequent  e n c l o s u r e   207 ,  

which  may  simply  be  a  box,  the  powder  has  the  o p p e r t u n i t y   to  s p r e a d  



out  and  to  form  a  c losed   smooth  l aye r   a l l   round  the  tube .   T h i s  

m e l t i n g   and  sp read ing   out,   i n i t i a t e d   while  the  powder  is  b e i n g  

a p p l i e d ,   has  a  b e n e f i c i a l   e f f e c t   on  the  q u a l i t y   of  the  c o a t i n g  

produced;   in  p a r t i c u l a r   i t   causes  a i r   bubbles  in  the  l acque r   f i l m  

to  be  removed.  By  supp ly ing   heat  from  the  i n s i d e ,   any  p o r o s i t i e s  

in  the  lacc . ie r   f i lm  are  moved  outwards,   in  c o n t r a s t   to  the  c a s e  

where  heat  is  supp l i ed   only  from  the  outs ide   when  p o r o s i t i e s  

can  be  t rapped   in  the  l a c q u e r   f i l m .  

Thus  i t   is  a  s p e c i a l   f e a t u r e   of  the  i n v e n t i o n   t ha t   a  

smooth  c losed   f i lm  of  t h e r m o s e t t i n g   s y n t h e t i c   m a t e r i a l   can  be  

o b t a i n e d   s t a r t i n g   from  powder.  This  powder  is  given  the  o p p o r -  

t u n i t y   to  flow  and  spread  out  at  compara t ive ly   low  t e m p e r a t u r e s  

at  which  p o l y m e r i s a t i o n   of  the  s y n t h e t i c   m a t e r i a l   s t i l l   p r o g r e s s e s  

very  s l o w l y .  

The  use  of  t h e r m o s e t t i n g   s y n t h e t i c   powder  is  a d v a n t a g e o u s  

because   d i s p e r s i o n   l a c q u e r s   which  can  be  d i l u t e d   with  water ,   and  

s o - c a l l e d   two-component  l a c q u e r s   which  must  be  sprayed  on  as  a  

l i q u i d   with  10  to  20  pe rcen t   s o l v e n t ,   have  known  d i s a d v a n t a g e s .  

Also,   the  so lvent   in  each  case  has  drawbacks  of  an  e n v i r o n m e n t a l  

n a t u r e .  

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



fu rnace   208  ( f requency   app rox ima te ly   3000  Hz)  causes   a  rap id   r i s e  

in  t e m p e r a t u r e   of  the  tube  (up  to  a  maximum  of  400  degrees   C)  so 

t h a t   ha rden ing   of  the  a l ready   molten  and  spread  out  l acque r   f i l m  

is  speeded  up  s u b s t a n t i a l l y .   In  the  subsequent   ha rden ing   film  i s  

brought   about .   The  t empera tu re   in  th i s   furnace   209  is  also  400 

degrees   C  maximum.  In  the  s o - c a l l e d   a d d i t i o n   r e a c t i o n   of  t h e  

t h e r m o s e t t i n g   s y n t h e t i c   m a t e r i a l   about  1  pe rcen t   of  s e c o n d a r y  

p roduc t s   are  formed.  These  can  be  removed  by  s u c t i o n .   Since  h e r e  

the  heat  for  hardening   o r i g i n a t e s   from  the  tube  m a t e r i a l   i t s e l f ,  

the  ha rden ing   process   s t a r t s   from  the  i n s i d e .   This  too  c o n t r i b u t e s  

to  the  f ac t   tha t   p r a c t i c a l l y   no  a i r   bubbles   can  a r i s e   in  t h e  

l acque r   fi lm  ( i t   should  be  borne  in  mind  t ha t   the  l aye r   t h i c k n e s s  

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

0.060  mm,  in  c o n t r a s t   with  the  layer   t h i c k n e s s   of  a  t h e r m o p l a s t i c  

s y n t h e t i c   m a t e r i a l ,   which  f r e q u e n t l y   exceeds  0.1  mm).  The  h a r d e n i n g  

l a c q u e r   f i lm  should  be  kept  at  the  chosen  t e m p e r a t u r e   for  the  t i m e  

r e q u i r e d   for  adequate  hardening   of  the  t h e r m o s e t t i n g   m a t e r i a l  

s e l e c t e d ,   which  is  the  reason  why  the  ha rden ing   furnace   209  i s  

c o m p a r a t i v e l y   l o n g .  



In  the  coo l ing   s e c t i o n   210,  the  l a c q u e r e d   tube  is  c o o l e d  

down  to  room  t e m p e r a t u r e .   A  drawing  or  p u l l i n g   c a t e r p i l l a r   211 

draws  the  tube  from  the  poin t   205  in  a  f l a t t e n e d   ca t ena ry   c u r v e .  

In  the  c u t t i n g   dev ice   212,  the  end le s s   tube  is  cut  i n t o  

manageable  f ina l   p i e c e s ,   which  are  caught  in  a  c o l l e c t i n g   s t a t i o n   213 

and  prepared  for  f u r t h e r   t r a n s p o r t .  



1.  A  method  of  making  tube  from  s tee l   s t r i p   and  e x t e r -  

n a l l y   c o a t i n g   the  tube  with  t h e r m o s e t t i n g   m a t e r i a l ,   i n c l u d i n g  

the  s teps   of  l o n g i t u d i n a l l y   f o l d i n g   and  welding  the  s t r i p   t o  

form  the  tube,   p r e h e a t i n g   the  tube,   app ly ing   t h e r m o s e t t a b l e  

m a t e r i a l   in  powder  form  to  the  e x t e r i o r   of  the  p r e h e a t e d   t u b e ,  

i n d u c t i v e l y   h e a t i n g   the  tube  so  as  to  cause  cu r ing   of  the  t h e r m o -  

s e t t a b l e   m a t e r i a l ,   and  coo l ing   the  coated  tube,   c h a r a c t e r i z e d   i n  

tha t   the  t e m p e r a t u r e   given  to  the  tube  by  the  p r e h e a t i n g   is  such  

t h a t ,   immedia te ly   upon  a p p l i c a t i o n   the  powder  m a t e r i a l   begins  t o  

melt  and  spread  cut  on  the  tube  so  as  to  form  a  complete  c o v e r i n g  

of  the  tube  e x t e r i o r   sur face   while  s u b s t a n t i a l l y   no  cur ing   of  t h e  

m a t e r i a l   o c c u r s .  

2.  A  method  accord ing   to  claim,  c h a r a c t e r i z e d   by  the  s t e p s ,  

known  per  se  of,  a f t e r   welding  and  before   p r e h e a t i n g   the  tube,  c a l i -  

b r a t i n g   the  tube,   c l ean ing   i t s   e x t e r i o r   su r face   and  p r e - t r e a t i n g   i t s  

e x t e r i o r   su r face   to  improve  adherence  of  the  t h e r m o s e t t i n g   c o a t i n g  

and  to  improve  c o r r o s i o n - r e s i s t a n c e .  

3.  A  method  accord ing   to  claim  1  or  claim  2,  c h a r a c t e r i z e d  

in  t h a t ,   a f t e r   a p p l i c a t i o n   of  the  powder,  the  tube  passes   through  an 

e n c l o s u r e   (207)  which  helps  to  main ta in   the  t e m p e r a t u r e   of  the  t u b e  

r e q u i r e d   to  cause  the  powder  ma te r i a l   to  melt  and  spread  o u t .  

4.  E x t e r n a l l y   coated  s t ee l   tube  made  by  the  method  of  any 

one  of  claim  1  to  3 .  
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