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@  Material  for  in-tube  components  &  method  of  manufacture  thereof. 
  In-tube  component  material,  suitable  for  an  electronic 
tube  such  as  a  colour  cathode  ray  tube,  of  low  thermal 
expansion  coefficient  and  grain  size  2,000-40,000  grains/ 
mm2,  containing  Fe  as  the  main  constituent  and  25-45  wt% 
Ni,  0.3-10  wt%  Cr,  and  0-10  wt%  Co,  and  a  method  for  its 
manufacturing. 



This   i n v e n t i o n   r e l a t e s   to  a  m a t e r i a l   for  i n - t u b e  

c o m p o n e n t s   and  a  method  of  m a n u f a c t u r e   t h e r e o f ,   capable   of  use  in 

m a n u f a c t u r i n g   with  good  fo rmab i l i ty   i n - tube   c o m p o n e n t s   such  as  

shadow  masks,   f rames ,   inner  shields  and  b ime ta l l i c   e l emen t s   used  in 

e l e c t r o n i c   tubes  such  as  colour  cathode  ray  t u b e s .  

S o - c a l l e d   i n - tube   componen t s   of  colour  ca thode   ray  t u b e s ,  

such  as  shadow  masks,  f rames,   inner  shields  and  b ime ta l l i c   e l e m e n t s ,  

have  p rev ious ly   been  made  of  m a t e r i a l s ,   such  as  rimmed  steel  or  A l  

k i l l ed   s t e e l ,   which   have  good  e t c h i n g   c h a r a c t e r i s t i c s   a n d  

f o r m a b i l i t y   and  a  su r f ace   on  which  it  is  easy  to  form  an  oxide  film 

that   c o n t r i b u t e s   to  l essen ing   the  r e f l e c t i o n   of  the  e l e c t r o n   b e a m .  

However ,   as  f u r t h e r   i m p r o v e m e n t s   in  colour  c a t h o d e   ray  tube  q u a l i t y  

(i.e.  what  is  known  as  "ease   of  v iewing"  or  "high  d e f i n i t i o n "   of  t h e  

d i sp layed   image)   are  now  demanded ,   to  deal  with  the  r e q u i r e m e n t s   o f  

var ious   new  media,   d r a w b a c k s   have  a p p e a r e d   in  the  use  of  r i m m e d  

steel  or  Al  kil led  steel  as  r e f e r r e d   to  above  for  shadow  masks ,  

f rames ,   inner  sh ie lds   and  b ime ta l l i c   e l e m e n t s .  

S p e c i f i c a l l y ,   when  the  c o l o u r   c a t h o d e   ray  tube  is  

o p e r a t e d ,   the  t e m p e r a t u r e   of  the  a f o r e m e n t i o n e d   members  rises  to  30 

to  100 °C,  caus ing  for  example  what  is  ca l led  "doming" ,   due  to  s t r a i n  

in  the  formed  shape  of  the  shadow  mask  p roduced   by  its  t h e r m a l  

expans ion .   This  r esu l t s   in  misa l ignment   of  the  r e l a t i v e   p o s i t i o n s  

of  the  shadow  mask  and  the  phosphor  surface,  producing  what  is  known 

as  "pur i ty   d r i f t "   (PD)  of  the  colours .   P a r t i c u l a r l y   in  the  case  of  

high  q u a l i t y   c o l o u r   c a t h o d e   ray  t u b e s ,   the  a p e r t u r e s ,   and  t h e  

a p e r t u r e   p i t ch ,   of  the  a f o r e m e n t i o n e d   shadow  mask  are  very  small,  so 



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

p r e v e n t i n g   the  use  of  i n - t u b e   c o m p o n e n t s   made  of  the  a f o r e m e n t i o n e d  

r immed  s teel   or  Al  killed  s teel .   The  above  problem  is  p a r t i c u l a r l y  

marked   in  the  case  of  colour  c a t h o d e   ray  tubes   of  high  c u r v a t u r e  

with  r e d u c e d   image  d i s t o r t i o n   and  r e f l e c t i o n   of  e x t e r n a l   l i g h t .  

P r e v i o u s l y ,   t h e r e f o r e ,   N i - F e   a l l o y s   of  smal l   t h e r m a l  

expans ion   c o e f f i c i e n t ,   such  as  invar  ( 3 6 N i - F e )   or  s u p e r - i n v a r   ( 3 2 N i -  

5 C o - F e ) ,   have   been  used  as  the  m a t e r i a l   for  f o r m i n g   i n - t u b e  

c o m p o n e n t s   of  this  type,  for  example   as  p roposed   in  U.S.  Pa ten t   No. 

4 ,420 ,366   (Oka  et  al),  J a p a n e s e   Pub l i ca t i on   No.  Sho.  4 2 - 2 5 4 4 6 ,  

Japanese   Patent  Laid-Open  No.  Sho  50-58977,  or  Japanese  Patent  Laid-  

Open  No.  Sho.  50 -68650 .  

However ,   Ni-Fe  alloys  of  this  type  have  poor  t h e r m a l  

c o n d u c t i v i t y .   Not  only  does  this  make  them  liable  to  a c c u m u l a t e  

hea t ,   but  also  makes  them  liable  to  what  is  known  as  " s p r i n g - b a c k "  

( d e p r e s s i o n s   t owards   the  e l e c t r o n   gun,  from  the  normal  s p h e r i c a l  

s u r f a c e   of  the  shadow  m a s k ) .  

This  also  gives  problems  in  e tch ing   c h a r a c t e r i s t i c s   a n d  

f o r m a b i l i t y ,   such  as  i r r egu la r   a p e r t u r e   d i ame te r   being  o b t a i n e d   when  

the  a p e r t u r e s   of  the  shadow  masks  are  formed  by  e t c h i n g .  

In  more  deta i l ,   this  s p r i n g - b a c k   exh ib i t s   the  c o r r e l a t i o n  

shown  in  Figure  1  with  for  example   the  0.2%  yield  point  of  t h e  

m a t e r i a l .   Thus,  the  lower  the  0.2%  yield  point,   the  smal ler   t h e  

amount  of  s p r i n g - b a c k   and  the  b e t t e r   the  f o r m a b i l i t y .  

P rev ious ly   t h e r e f o r e ,   to  lower  the  0.2%  yield  point  of  

the  m a t e r i a l ,   t r ia l s   were  made  of  s u b j e c t i n g   it  to  vacuum  a n n e a l i n g  

at  over  1000 °C,  or  of  forming  working  of  the  i n - tube   componen t   in 

the  t empera ture   range  100 -   200 °C.  Various  methods  of  improving  the 

e t c h i n g   c h a r a c t e r i s t i c s   were  also  t r ied .   However ,   the  s i t u a t i o n   is 

that   none  of  these  methods   r e s u l t e d   in  e tch ing   c h a r a c t e r i s t i c s   or 

f o r m a b i l i t y   being  a t t a i n e d   which  were  good  as  those  of  the  r i m m e d  

s tee l   or  Al  killed  steel  r e f e r r e d   to  above.   This  t h e r e f o r e   i m p o s e d  

a  limit  on  the  ex ten t   to  which  the  qual i ty   of  colour  c a thode   r a y  
tubes   could  be  i m p r o v e d .  

The  p r e s e n t   i n v e n t i o n   s e e k s   to  p r o v i d e   a  m a t e r i a l  



s u i t a b l e   for  use  in  i n - t u b e   componen t s   whose  thermal   e x p a n s i o n  

c o e f f i c i e n t   is  lower  than  that  of  rimmed  s teel   or  Al  killed  s t e e l  

and  which  has  good  e t c h i n g   c h a r a c t e r i s t i c s   and  f o r m a b i l i t y ,   close  t o  

those   possessed   by  the  a f o r e m e n t i o n e d   s t e e l s ,   and  also  seeks  t o  

p rov ide   a  method  of  m a n u f a c t u r i n g   this   m a t e r i a l .  

This  i n v e n t i o n   provides   a  m a t e r i a l   su i t ab le   for  i n - t u b e  

c o m p o n e n t s   whose  main  c o n s t i t u e n t   is  an  Fe -Ni   alloy,  of  which  t h e  

main  c o n s t i t u e n t   is  Fe  and  con t a in ing   25 -   45  wt%  Ni,  0 .3  -   10  wt% 

Cr  (which  may  be  p a r t i a l l y   r e p l a c e d   by  Mn),  0  -  1 0   wt%  Co,  t o g e t h e r  

with  u n a v o i d a b l e   i m p u r i t i e s .  

A n o t h e r   a s p e c t   of  this   i n v e n t i o n   compr i ses   using  an  

alloy  of  grain  size  set  at  2 , 0 0 0  -   40,000  g r a in s /mm2  (i.e.  g r a i n  

size  8  -   12  as  de f ined   in  J a p a n e s e   I n d u s t r i a l   S t anda rd   J I S - G 0 5 5 1 ) ,  

and  f o r m e d   to  be  of  at  l e a s t   80%  a u s t e n i t i c   s t r u c t u r e   as  t h e  

m a t e r i a l   for  forming  i n - t ube   componen t s   such  as  the  shadow  m a s k ,  

inner   shield,  f rame,   and  b ime ta l l i c   e l ement   in  a  colour  c a t h o d e   r a y  
t u b e .  

Such  an  in- tube  component  material  may  be  manufactured  by 

melting  an  alloy  containing  25-45  wt%  Ni,  0 .3  -   10  wt%  Cr  (which  may 
be  pa r t i a l l y   r e p l a c e d   by  Mn),  0  -  1 0   wt%  Co,  the  r ema inde r   Fe  a n d  

u n a v o i d a b l e   i m p u r i t i e s ,   s u b j e c t i n g   it  to  ro l l ing  and  a n n e a l i n g ,   t h e n  

c a r r y i n g   out  f ina l   cold   r o l l i n g   with  a  d r a f t   of  at  l e a s t   4 0 % ,  

p r e f e r a b l y   at  least   70%,  then  pe r fo rming   a n n e a l i n g   t r e a t m e n t   in  a 

t e m p e r a t u r e   range  of  500  -   1200 °C,  p r e f e r a b l y   900 -   1100°C ,   t h e n  

p e r f o r m i n g   c o n t r o l l e d   r o l l i n g   with  a  d r a f t   of  less  t han   30%,  

p r e f e r a b l y   less  than  20%,  and,  if  n e c e s s a r y ,   c a r ry ing   out  s t r a i n -  

r e l i e f   annea l ing   to  ob ta in   an  in - tube   componen t   ma te r i a l   of  g r a i n  
s ize   2 ,000  -   40,000  g r a i n s / m m 2 .  

The  i n v e n t i o n   will  be  more  read i ly   u n d e r s t o o d   from  t h e  

fo l lowing  d e s c r i p t i o n   of  ma te r i a l   for  i n - tube   c o m p o n e n t s   and  m e t h o d  

of  m a n u f a c t u r e   t h e r e o f ,   r e f e r e n c e   being  made  to  the  a c c o m p a n y i n g  

drawings  in  w h i c h  :  

Figure  1  is  a  graph  showing  the  r e l a t i o n s h i p   b e t w e e n   t h e  

0.2%  y ie ld   point   and  s p r i n g - b a c k   value  of  a  shadow  mask. 

F i g u r e   2  is  a  graph  g iven  in  e x p l a n a t i o n   of  t h i s  



i nven t ion ,   showing  the  r e l a t i o n s h i p   be tween   the  0.2%  yield  point  a n d  

annea l i ng   t e m p e r a t u r e .  

F i g u r e   3  is  a  g r a p h   g iven   in  e x p l a n a t i o n   of  t h i s  

i nven t ion ,   showing  the  r e l a t i o n s h i p   be tween   the  amount  of  Cr  a d d e d  

to  the  36  Ni-Fe  a l loy   and  the  thermal  expansion  c o e f f i c i e n t .  

F igure   4  is  a  c r o s s - s e c t i o n a l   view  of  a  colour  c a t h o d e  

ray  tube  employing   a  shadow  mask  a cco rd ing   to  an  embodiment   of  t h i s  

i n v e n t i o n .  

Figure   5  is  a  plan  view  showing  part  of  the  hole  p a t t e r n  

of  the  shadow  mask  of  F igure   4 .  

Figure   6  is  a  c r o s s - s e c t i o n   of  part  of  the  shadow  mask  of  

F igure   4,  to  a  l a rger   s c a l e .  

Figure  7  is  a  plan  view  showing  part  of  the  hole  p a t t e r n  

of  a  shadow  mask  with  i n c o m p l e t e l y   formed  holes,  for  compar i son   w i t h  

Figure   5. 

Figure   8  is  a  c r o s s - s e c t i o n a l   view,  to  a  la rger   sca le ,   o f  

part  of  a  shadow  mask  with  rough  hole  su r faces ,   for  c o m p a r i s o n   w i t h  

Figure   6. 

The  reason  why  the  Ni  c o n t e n t   is  made  25 -   45  wt%  is  t o  

make  the  the rmal   expans ion   c o e f f i c i e n t   less  than  90  x  1 0 - 7 / ° C .   I f  

the  added  amount   of  Ni  is  outs ide   this  range,   an  in - tube   c o m p o n e n t  

ma te r i a l   of  low  thermal   expans ion   c o e f f i c i e n t   as  sought  by  t h i s  

inven t ion   is  not  ob t a ined .   This  means  that  a  w e l l - d e f i n e d   i m a g e  

with  low  PD  is  not  ob t a ined .   On  the  other  hand,  if  the  added  a m o u n t  

of  Ni  e x c e e d s   45  wt%,  the  0.2%  yield  point,   which  is  the  c r i t e r i o n  

of  f o r m a b i l i t y ,   is  i n c r e a s e d ,   and  the  fo rmabi l i ty   is  very  a d v e r s e l y  

a f f e c t e d .   In  the  case  of  a  shadow  mask  for  example,   this  leads  t o  

s p r i n g - b a c k ,   mak ing   it  ha rd   t o  p r o d u c e   a  w e l l - d e f i n e d  i m a g e .  

R e s i s t a n c e   to  o x i d a t i o n   i s  



a l e o   i n c r e a s e d ,   m a k i n g   i t   e x t r e m e l y   d i f f i c u l t  t o   s u b j e c t   t h e  

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

A l s o   as  r e g a r d s   e t c h i n g   c h a r a c t e r i s t i c s ,   i f   t h e   N i  

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

p r o b l e m s   s u c h   as  l o s s   of  e t c h i n g   s p e e d   due  to   s o - c a l l e d  

" r o u g h   p i t s "   b e i n g   f o r m e d   in  t h e   i n s i d e   w a l l s   of  t he   e t c h i n g  

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

e t c h i n g   s o l u t i o n .  

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

c o e f f i c i e n t   and  i m p r o v i n g   e t c h i n g   c h a r a c t e r i s t i c s .   The  l o w e r  -  

l i m i t   of  t h e   Co  c o n t e n t   i f   i t   i s   to  have   any  e f f e c t   i n  

l o w e r i n g   t h e   t h e r m a l   e x p a n s i o n   c o e f f i c i e n t   is   0.2  wt%.  I t  

i s ,   h o w e v e r ,   p o s s i b l e   to   make   t h e   Co  c o n t e n t   z e r o .   T h e  

r e a s o n   f o r   t h e   c h o i c e   of  t h e   u p p e r   l i m i t   of  10  wt%  is   t h a t  

t h e   0.2%  y i e l d   p o i n t   i n c r e a s e s   l i t t l e   by  l i t t l e   w i t h  

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

a l s o   i n c r e a s e s .   The  a d d e d   amount   of  Co  i s   t h e r e f o r e  

p r e f e r a b l y   3  -   6  w t % .  

In  c o n t r a s t ,   Cr  i n c r e a s e s   t h e   t h e r m a l   e x p a n s i o n  

c o e f f i c i e n t   of  F e - N i   a l l o y s ,   b u t ,   on  t h e   o t h e r   hand ,   i t  

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

r e d u c i n g   t h e   a f o r e m e n t i o n e d   0.2%  y i e l d   p o i n t .   Tha t   i s ,   t h e  

a f o r e m e n t i o n e d   Cr  p l a y s   an  i m p o r t a n t   r o l e   in  t h e   a n n e a l i n g  

s t e p   a f t e r   t h e   f l a t   mask  w i t h   m u l t i p l e   h o l e s   has  b e e n  

o b t a i n e d   by  e t c h i n g   i n - t u b e  c o m p o n e n t   m a t e r i a l   of  g r a i n   s i z e  

2 , 0 0 0  -   4 0 , 0 0 0   g r a i n s / m m  .  

In  more  d e t a i l ,   in  g e n e r a l ,   i f   Cr  i s   a d d e d   to   a  3 6 N i - F e  

a l l o y   or  3 2 N i - 5 C o - F e   a l l o y ,   and  i t   i s   no t   a n n e a l e d   above   t h e  

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

so  t h i s   t e n d s   to   c a u s e   an  i n c r e a s e   in  t h e   0.2%  y i e l d   p o i n t  



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

c u r v a t u r e   of  a  s h a d o w   mask  f o r   e x a m p l e .   For   t h i s   r e a s o n ,   t h e  

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

i n c r e a s e   t h e   s t r e n g t h   of  t h e   m a t e r i a l .   H o w e v e r ,   w h e n  

s p e c i f i c   h e a t   t r e a t m e n t s   a r e   p e r f o r m e d   on  a  3 6 N i - F e   a l l o y   o r  

3 2 N i - 5 C o - F e   a l l o y   to   w h i c h   Cr  h a s   b e e n   a d d e d   in   a c c o r d a n c e  

w i t h   t h i s   i n v e n t i o n ,   t h e   a m o u n t   of  d e c r e a s e   of  t h e   0 . 2 %  

y i e l d   p o i n t   i s   v e r y   much  g r e a t e r   t h a n   in  a  3 6 N i - F e   a l l o y   o r  

3 2 N i - 5 C o - F e   a l l o y   to   w h i c h   Cr  h a s   no t   b e e n   a d d e d .   T h a t   i s ,  

t h e   Cr  c o n t a i n e d   in  t h e   m a t e r i a l   has   an  i m p o r t a n t   e f f e c t   i n  

c o n s i d e r a b l y   d e c r e a s i n g   t h e   0.2%  y i e l d   p o i n t   of  t h e   m a t e r i a l  

in  t h e   a n n e a l i n g   s t a g e .   H o w e v e r ,   i f   t h e   a m o u n t   of  Cr  a d d e d  

i s   l e s s   t h a n   0 . 3   wt%,  e v e n   i f   t h e   a n n e a l i n g   t e m p e r a t u r e   i s  

made  as   h i g h   as  1 2 0 0 o C ,   as   w i t h   3 2 N i - 5 C o - F e   a l l o y   c o n t a i n i n g  

no  Cr ,   i t s   0 .2%  y i e l d   p o i n t   c a n n o t   be  r e d u c e d   b e l o w   24 

kg/mm2  (20  kg/mm2  in   t h e   c a s e   of  3 6 N i - F e   a l l o y ) .   And  i f   t h e  

a d d e d   a m o u n t   of  Cr  e x c e e d s   10  wt%,  t h e   t h e r m a l   e x p a n s i o n  

c o e f f i c i e n t   b e c o m e s   90  X  1 0  /  C   or  m o r e ,   c a u s i n g   p u r i t y  

d r i f t .   S u c h   an  a l l o y   w o u l d   t h e r e f o r e   be  u n s u i t a b l e   f o r   u s e  

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

a d d e d   a m o u n t   of  Cr  e x c e e d s   10  wt%,  a  p r o t e c t i v e   f i l m   o f  

Cr2O3  t e n d s   to   be  f o r m e d   on  t h e   s u r f a c e   of  t h e   a l l o y .   T h i s  

i s   i n c o n v e n i e n t   in   b l a c k e n i n g   t r e a t m e n t ,   s i n c e   i t   l o w e r s   t h e  

r a t e   of  b l a c k e n i n g .   T a k i n g   i n t o   a c c o u n t   l o w e r e d   e x p a n s i o n ,  

e t c h i n g   c h a r a c t e r i s t i c s ,   and  low  c h r o m i n g   in   w a s t e   l i q u i d ,  

t h e   a m o u n t   of   Cr  s h o u l d   p r e f e r a b l y   be  1  -   4  w t % .  

The  f o l l o w i n g   T a b l e   g i v e s   t h e   v a l u e s   of   t h e   0.2%  y i e l d  

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

a r e   a n n e a l e d .  





When  t h i s   i s   c o m p a r e d   w i t h   t h e   d a t a   shown  in  F ig .   1,  i n  

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

a n n e a l i n g   a t   1 1 5 0 ° C ,   a  s p r i n g -   b a c k   v a l u e   of  more  t h a n   100  

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

p r e s s i n g   or   on  t h e   s h a d o w   mask  s h a p e s   t h a t   can  be  u s e d .   I n  

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

p o i n t   of  16  kg/mm2 ,  and  i t s   s p r i n g - b a c k   v a l u e   i s   5  m i c r o n   o r  

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

A n o t h e r   e l e m e n t   w h i c h   h a s   t h e   same  e f f e c t   as  Cr  when  a d d e d  

i s   Mn.  Some  of  t h e   a f o r e m e n t i o n e d   Cr  can  t h e r e f o r e   b e  

r e p l a c e d   by  a d d i t i o n   of  Mn. 

In  F i g .   2,  t h e   c h a r a c t e r i s t i c   Al  s h o w s   t he   v a r i a t i o n   o f  

t h e   0 .2%  y i e l d   p o i n t   w i t h   a n n e a l i n g   t e m p e r a t u r e   of  a  

m a t e r i a l   a c c o r d i n g   t o   t h i s   i n v e n t i o n   c o n s i s t i n g   of  a  3 6 N i -  

Fe  a l l o y   to   w h i c h   6  wt%  of  Cr  h a s   been   a d d e d .   T h e  

c h a r a c t e r i s t i c   A2  s h o w s   t he   v a r i a t i o n   of  t he   0.2%  y i e l d  

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

t h i s   i n v e n t i o n   c o n s i s t i n g   of  a  3 6 N i - F e   a l l o y   to  which   3  wt% 

of  Cr  h a s   b e e n   a d d e d .   The  c h a r a c t e r i s t i c   B  shows  f o r  

p u r p o s e s   of  c o m p a r i s o n   t h e   v a r i a t i o n   of  t h e   0.2%  y i e l d   p o i n t  

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

3 6 N i - F e   a l l o y   to   w h i c h   no  Cr  has   b e e n   a d d e d .   As  shown  i n  

t h i s   F i g u r e ,   a t   room  t e m p e r a t u r e   t h e   0 .2%  y i e l d   p o i n t   of  t h e  

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

h i g h e r ,   b u t   on  a n n e a l i n g  a t /   500°C  or  m o r e  a   much  lower   0 . 2 %  

y i e l d   p o i n t   i s   o b t a i n e d   t h a n   w i t h   t h e   p r i o r   a r t   m a t e r i a l .  

For   e x a m p l e ,   t h e   0 .2%  y i e l d   p o i n t   of  i n - t u b e   c o m p o n e n t  

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

1 0 0 0  C  -   1 2 0 0 ° C ,  i s   12  kg/mm2,   bu t   t h e   0.2%  y i e l d   p o i n t   o f  

t h e   p r i o r   a r t   a l l o y ,   w i t h o u t   Cr  a d d i t i o n ,   i s   as  l a r g e   a s  



a b o u t   22  kg /mm2.   It  can   t h e r e f o r e   be  s e e n ,   f rom  t h i s   f a c i  

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

g r e a t l y   to   l o w e r i n g   of  t h e   0.2%  y i e l d   p o i n t   on  a n n e a l i n g .   Mn 

a l s o   h a s   t h e   same  e f f e c t   as  Cr.  Some  of  t h e   Cr  can   t h e r e f o r e  

be  r e p l a c e d   by  Mn. 

T a k i n g   t h e   a m o u n t   of  Cr  a d d i t i o n   as  t he   p a r a m e t e r ,   F i g .   3 

s h o w s   t h e   v a r i a t i o n   c h a r a c t e r i s t i c   C  of  t h e   0.2%  y i e l d   p o i n t  

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

m a t e r i a l   of  t h i s   i n v e n t i o n   at  900°C  in  h y d r o g e n ,   and  t h e  

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

c o e f f i c i e n t .   From  t h i s   F i g u r e   a l s o ,   i t   can   be  s e e n   t h a t ,   i f  

t h e   Cr  c o n t e n t   i s   made  0 . 3  -   10  wt%,  t h e   0.2%  y i e l d   p o i n t  

c a n   be  k e p t   b e l o w   20  kg/mm2  or  l e s s   by  a n n e a l i n g .  

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

Cr  to   3 6 N i - F e   a l l o y   w i t h   t h e   o b j e c t   of  i n c r e a s i n g   t h e  

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

P a t e n t   L a i d - o p e n   No.  Sho.   5 9 - 5 9 8 6 1 .   H o w e v e r ,   no  m e a s u r e s   a t  

a l l   w e r e   t a k e n   to   o b t a i n   a  low  y i e l d   p o i n t ;   t h e   m a t e r i a l   w a s  

s i m p l y   i n c r e a s e d   in  s t r e n g t h   and  a  r e d u c t i o n   of  t h e   0 . 2 %  

y i e l d   p o i n t   was  not   s o u g h t .   A d d i t i o n a l l y ,   as  w i l l   b e  

d e s c r i b e d   h e r e i n b e l o w ,   t h e   g r a i n   s i z e   and  t e x t u r e   w e r e   n o t  

f i x e d ,   and  in  f a c t   no  m e a s u r e s   at   a l l   we re   t a k e n   t o   i m p r o v e  

t h e   e t c h i n g   c h a r a c t e r i s t i c s .   T h i s   makes   them  c o m p l e t e l y  

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

i n v e n t i o n .  

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

i t   i s   v i t a l   to  have   e x c e l l e n t   e t c h i n g   c h a r a c t e r i s t i c s .   T h i s  

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

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

u n i f o r m   g r a i n   s i z e   and  s h e e t   t h i c k n e s s   and  u n i f o r m  



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

t h e s e   r e q u i r e m e n t s ,   u n i f o r m i t y   of  s h e e t   t h i c k n e s s   a n d  

u n i f o r m i t y   of   d i s t r i b u t i o n   of  t h e   c o n s t i t u e n t s   c an   b e  

a c h i e v e d   by  a d v a n c e s   in  r o l l i n g   t e c h i n q u e s ,   w h i l e   i n c l u s i o n s  

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

i m p u r i t i e s   t o   an  a b s o l u t e   m i n i m u m .  

The  p r o b l e m   in  o b t a i n i n g   i n - t u b e   c o m p o n e n t   m a t e r i a l   o f  

good   e t c h i n g   c h a r a c t e r i s t i c s   t h e r e f o r e   l i e s   in   o b t a i n i n g  

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

T h u s ,   a c c o r d i n g   to   t h i s   i n v e n t i o n ,   an  a l l o y   c o n t a i n i n g   25  
( w h i c h   m a y - b e   p a r t i a l l y   r e p l a c e d   by  M n ) .  

-  45  wt%  Ni ,   0 . 3  -   1 0  w t %  C r /  0  -  1 0  w t %  C o ,  t h e   r e m a i n d e r  

Fe  and  u n a v o i d a b l e   i m p u r i t i e s ,   i s   m e l t e d ,   s u b j e c t e d   t o  
i s  

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

w i t h   a  d r a f t   of  a t   l e a s t   40%,  p r e f e r a b l y   a t   l e a s t   70%,  t h e n  

s u b j e c t e d   to   a n n e a l i n g   t r e a t m e n t   in  a  t e m p e r a t u r e   r a n g e   o f  

5 0 0  -   1 2 0 0 ° C ,   p r e f e r a b l y   9 0 0  -   1 1 0 0 ° C ,   t h e n   to   c o n t r o l l e d  

r o l l i n g   of  d r a f t  n o t   more   t h a n   3 0 % , p r e f e r a b l y   no t   more  t h a n  

20%,  and  i f   n e c e s s a r y   to   s t r a i n - r e l i e f   a n n e a l i n g   to   o b t a i n   a  

m a t e r i a l   of  g r a i n   s i z e   8  -  12,  i . e .   2 , 0 0 0  -   4 0 , 0 0 0  

g r a i n s / m m 2 ,   as   s p e c i f i e d   in   J I S - G 0 5 5 1 .   I f   t h e   g r a i n   s i z e   i s  

l e s s   t h a n   8  ( 2 , 0 0 0   g r a i n s / m m  2  ) ,   t h e   g r a i n s   b e c o m e   c o a r s e   ( o f  

l a r g e   d i a m e t e r ) ,   and  p o r t i o n s   23a  as   shown  in   F i g .   7  f o r  

e x a m p l e   a r e   p r o d u c e d ,   in  w h i c h   h o l e s   a r e   no t   f o r m e d   by  t h e  

e t c h i n g   p r o c e s s .   On  t h e   o t h e r   h a n d ,   i f   t h e   g r a i n   s i z e  

e x c e e d s   12  ( 4 0 , 0 0 0   g r a i n s / m m 2  ) ,   due  t o   t h e   e x c e s s i v e  

f i n e n e s s   of  t h e   g r a i n s ,   wha t   a r e   known  as   " r o u g h   p i t s "   a r e  

p r o d u c e d ,   as  shown  by  t h e   c r o s s - s e c t i o n   of   an  e t c h e d   h o l e  

shown  in  F i g .   8,  w i t h   n o t c h i n g   of  t h e   i n s i d e   w a l l s   of  t h e  

h o l e s   25  f o r m e d   by  t h e   e t c h i n g   p r o c e s s .   For   t h i s   r e a s o n ,   f o r  

p r a c t i c a l   u s e   t h e   g r a i n   s i z e   must   be  s e t   t o   8  -   12  ( 2 , 0 0 0  -  



4 0 , 0 0 0   g r a i n s / m m 2 ) ,   so  as  to   make  i t   p o s s i b l e   to   f o r m  

u n i f o r m   h o l e s ,   as  shown  in  F i g .   5.  P r e f e r a b l y ,   t h e   a f o r e s a i d  

g r a i n   s i z e   i s   s e t   to  a t   l e a s t   9  -   1 1 .  

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

p e r f o r m e d   w i t h  a   d r a f t   of  l e s s   t h a n   40%,  i t   b e c o m e s   d i f f i c u l t  
a  

t o   g e t   t h e   m e t a l l i c   s t r u c t u r e   e v e n ,   and  s o m e t i m e s / g r a i n   s i z e  

of  2 , 0 0 0  -   4 0 , 0 0 0   g r a i n s / m m   w i l l   no t   be  o b t a i n e d .   And  i f  

t h e   a f o r e m e n t i o n e d   a n n e a l i n g   i s   p e r f o r m e d   b e l o w   500°C ,   t h e  

g r a i n   s i z e   c a n n o t   be  c o n t r o l l e d .   On  t h e   o t h e r   h a n d ,   i f  

a n n e a l i n g   i s   p e r f o r m e d   a t   more   t h a n   1 2 0 0 o C ,   t h e   d i a m e t e r   o f  

t h e   g r a i n s   may  b e c o m e   t o o   l a r g e .   Tha t   i s ,   to   a s s u r e   g o o d  

e t c h i n g   c h a r a c t e r i s t r i c s ,   t h e   t e m p e r a t u r e   r a n g e   of  t h e  

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

The  i n - t u b e   c o m p o n e n t   m a t e r i a l   mus t   t h e r e f o r e   b e  

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

I f   s t r u c t u r e s   s u c h   as  f e r r i t e ,   m a r t e n s i t e ,   or  a u s t e n i t e  

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

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

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

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

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

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

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

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

s t r u c t u r e   r e p r e s e n t s   a t   l e a s t   80%  of  t h e   t o t a l .   As  a  

s p e c i f i c   e x a m p l e ,   by  m a k i n g   t h e   g r a i n   s i z e   of  t h e   i n - t u b e  

c o m p o n e n t   m a t e r i a l   2 , 0 0 0  -   4 0 , 0 0 0   g r a i n s / m m  2  
by  t h e   m e t h o d  

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

r o l l i n g   to   p r o d u c e   an  a t   l e a s t   80%  a u s t e n i t i c   s t r u c t u r e ,   t h e  

e x c e l l e n t   s h a p e   c h a r a c t e r i s t i c s   shown  iri  F i g .   5  can  b e  



e f f e c t i v e l y   o b t a i n e d   by  e t c h i n g   t r e a t m e n t   to  give  w e l l - d e f i n e d  

holes.   R e g a r d i n g  t h i s   c o n t r o l l e d   rol l ing,   it  should  be  noted  t h a t  

if  the  draf t   is  made  larger   than  30%  the  metal  t e x t u r e   may  be 

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

T h i s  i n v e n t i o n   is  t h e r e f o r e   very  e f f e c t i v e   in  providing  a 

m a t e r i a l   for  t h e  m a n u f a c t u r e   of  shadow  maks  e tc . ,   b e c a u s e ,   a c c o r d i n g  

to  this  i n v e n t i o n ,   b y  a d d i n g   Cr  to  a  p r e s c r i b e d   Ni-Fe  alloy,  i t s  

0.2%  yield  pointe is  r e d u c e d   and  its  f o r m a b i l i t y   is  improved,   and  by 

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

c h a r a c t e r i s t i c  a r e  i m p r o v e d .   Moreover ,   vacuum  annea l i ng   at  h igh  

t e m p e r a t u r e ,   such  as  was  r equ i red   with  the  prior  art  3 2 N i - 5 C o - F e  

alloy,  b e c o m e s  u n n e c e s s a r y   and  the  time  r e q u i r e d   for  p roces se s   such  

as  warm  p re s s ing   is  e l i m i n a t e d ,   and  by  a n n e a l i n g   at  1 2 0 0 ° C   or  l e s s ,  

s u f f i c i e n t   f o r m i n g  w o r k i n g   can  be  a ch i eved   and  the  e t ch ing   t r e a t m e n t  

t ime   can  b e  s h o r t e n e d ,   e n a b l i n g   u n i f o r m l y   e t c h e d   ho l e s   to  b e  

p r o d u c e d .  

The  the rmal   expans ion   c o e f f i c i e n t   can  also  be  made  l e s s  

than  that   of  t h e   prior  art  Al  killed  steel   or  r immed  s teel ,   and  is 

in  fact  less  than  90  x   1 0 - 7 / ° C .   This  has  the  e f f e c t   that  c o l o u r  

c a t h o d e   ray  tubes  w i t h  l i t t l e   puri ty  drif t   can  easi ly  be  r e a l i s e d .  

Figure   .4  s h o w s   an  embodiment   where in   the  invent ion   is 

app l ied   to  a  colour  ca thode   ray  tube.  A  phosphor   sc reen   14,  s h a d o w  

mask  a s s e m b l y   15,  inner  shield  16  and  e l e c t r o n   gun  17  are  a r r a n g e d  

within  a  glass  encosu re   10  formed  with  a  panel  11,  funnel  12  a n d  

neck  13.  T h e  s h a d o w   mask  assembly  15  compr i se s   a  shadow  mask  18 

that   is  formed  into  a  curved  su r f ace ,   and  a  mask  frame  19  t h a t  

suppor t s   the  pen iphery   of  this  mask  18.  This  is  f ixed,   by  means  o f  

spring  suppor t   20  welded  to  the  frame  19,  to  a  stud  pin  21  a n c h o r e d  

in  the  inner  wa l l  o f   the  panel.   The  shadow  mask  a s sembly   15,  i n n e r  



s h i e l d   16,  e l e c t r o n   gun  17,  s p r i n g   s u p p o r t   20  and   s t u d   p i n  

21  e t c .   c o n s t i t u t e   t h e   i n - t u b e   c o m p o n e n t s   of   t h e   c o l o u r  

c a t h o d e   r a y   t u b e .   In  t h i s   e m b o d i m e n t ,   t h e   i n v e n t i o n   w a s  

a p p l i e d   t o   t h e   i n n e r   s h i e l d   16  and  s h a d o w   mask   18,  w h i c h   a r e  

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

d e t a i l e d   b e l o w .  

F i r s t   of  a l l ,   an  i n g o t   of  a l l o y   c o n t a i n i n g   32%  Ni,   5%  Co 

and  Fe  as   t h e   m a i n   c o n s t i t u e n t ,   w i t h   4  wt%  Cr ,   and   0 . 0 0 5   wt% 

C,  0 . 0 1   wt%  S i ,   and  0 . 0 0 1   wt%  of  e a c h   of  P  and  S 

r e s p e c t i v e l y   was  p r e p a r e d   by  vacuum  m e l t i n g .   T h i s   i n g o t   w a s  

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

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

d r a f t   of  80%  was  u s e d   in  t h i s   p r o c e s s .  

A f t e r   t h e   a b o v e   r o l l i n g   t r e a t m e n t ,   t h i s   m a t e r i a l   w a s  

a n n e a l e d   a t   10-4   t o r r ,   800°C  in  a  b o x - t y p e   a n n e a l i n g  

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

of  10%.  By  t h i s   c o n t r o l l e d   r o l l i n g ,   an  i n - t u b e   c o m p o n e n t  

m a t e r i a l   h a v i n g   an  a u s t e n i t i c   s t r u c t u r e   and  of   g r a i n   s i z e   10 

( 8 , 2 0 0   g r a i n s / m m   2  
on  a v e r a g e )   as  d e f i n e d   in   J I S - G 0 5 5 1   w a s  

o b t a i n e d .  

A  s h a d o w   mask  was  p r o d u c e d   as  f o l l o w s   u s i n g   t h e   i n - t u b e  

c o m p o n e n t   m a t e r i a l   m a n u f a c t u r e d   as  a b o v e .  

F i r s t   of  a l l ,   b o t h   f a c e s   of  t he   m a t e r i a l   w e r e   c o a t e d   w i t h  

a  p h o t o r e s i s t ,   w h i c h   was  . d r i e d .   A  f i l m   f o r m e d   w i t h   a  

s t a n d a r d   p a t t e r n   in  t h e   s h a p e   of  s l o t s   or  r o u n d   d o t s   w a s  

t h e n   s t u c k   t i g h t l y   o n t o   b o t h   f a c e s ,   and  t h e   p h o t o r e s i s t  

e x p o s e d   and  d e v e l o p e d .   The  u n e x p o s e d   p o r t i o n s   of  p h o t o r e s i s t  

w e r e   r e m o v e d   by  d i s s o l v i n g   in  t h i s   d e v e l o p m e n t   p r o c e s s .  

A f t e r   t h i s ,   t h e   r e m a i n i n g   p h o t o r e s i s t   was  h a r d e n e d   b y  



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

r e m a i n i n g   r e s i s t   was   t h e n   r e m o v e d   w i t h   ho t   a l k a l i   t o   o b t a i n  

a  f l a t   m a s k ,   t o   be  u s e d   to   form  t h e   s h a d o w   m a s k .  

T h i s   f l a t   mask   was   t r e a t e d   f o r   s t r a i n - r e l i e f   a n d  

i m p r o v e m e n t   of  w o r k i n g   p r o p e r t i e s   by  p l a c i n g   i t   in   a  b o x -  

t y p e   v a c u u m   h e a t i n g   f u r n a c e ,   w h e r e   i t   was  a n n e a l e d   in   a n  

a t m o s p h e r e   of  10-4   t o r r ,  1 0 0 0 ° C .   S h e e t   s t r a i n   was   t h e n  

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

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

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

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

mask   and   r e d u c i n g   t h e   0 .2%  y i e l d   p o i n t   by  i n c r e a s i n g   t h e  

g r a i n   d i a m e t e r ,   in   o r d e r   to   f a c i l i t a t e   s u b s e q u e n t   p r e s s  

f o r m i n g .  

Next   t h e   a f o r e m e n t i o n e d   f l a t   mask   was  p r e s s   f o r m e d ,   t o  

o b t a i n   a  s h a d o w   m a s k   h a v i n g   t h e   p r e s c r i b e d   c u r v a t u r e .   I n  

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

0.2%  y i e l d   p o i n t   w i t h   e x c e l l e n t   f o r m a b i l i t y ,   so  t h a t   s p r i n g -  

b a c k   d i d   no t   o c c u r .   I t   was  a l s o   c o n f i r m e d   t h a t   t h e   m a t e r i a l  

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

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

a d v e r s e   e f f e c t   on  f o r m a b i l i t y   c a u s e d   by  wha t   i s   known   a s  

s t a t i s t i c a l   s c a t t e r   of  t h e s e   c h a r a c t e r i s t i c s .   As  s h o w n   i n  

F i g .   5,  t h e   r o u n d   e l e c t r o n   beam  h o l e s   22  t h a t   w e r e   f o r m e d   i n  

t h e   s h a d o w   mask  18  by  t h e  m a s k   e t c h i n g   a r e   a l l   r e g u l a r l y  

a r r a n g e d ,   and   i r r e g u l a r   h o l e s   23  as  shown  in  F i g .   7  f o r  

p u r p o s e s   of  c o m p a r i s o n   w e r e   no t   p r o d u c e d .   F u r t h e r m o r e ,   a s  

shown  in  F i g .   6,  t h e   i n c l i n e d   f a c e s   24  of  t h e   h o l e s   22  w e r e  

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

s u r f a c e )   25  as   shown   f o r   c o m p a r i s o n   in  F i g .   8  w e r e   n o t  



p r o d u c e d .  

N e x t ,   t h e   s h a d o w   mask  was  w a s h e d   in  t r i c h l o r o e t h y l e n e  

v a p o u r ,   and   h e a t e d   f o r   20  m i n u t e s   in   a  c o n t i n u o u s   b l a c k e n i n g  

f u r n a c e   m a i n t a i n e d   at   7 0 0  C   to   c o m p l e t e   t h e   s h a d o w   mask  18 

by  g r o w i n g   a  t i g h t l y   a d h e r i n g   1 .5   m i c r o n   t h i c k   b l a c k e n i n g  

f i l m .  

The  f r a m e   19,  made  by  a  s i m i l a r   t e c h n i q u e ,   was  t h e n  

a t t a c h e d   t o   t h e   s h a d o w   mask  by  w e l d i n g ,   and  m o u n t e d   on  t h e  

p a n e l   11  by  m e a n s   of  a  b i m e t a l l i c   s p r i n g   s u p p o r t   20.  T h e  

c o l o u r   c a t h o d e   r a y   t u b e   was  t h e n   c o m p l e t e d   by  a p p l y i n g   r e d ,  

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

t h e   s h a d o w   m a s k ,   Al  e v a p o r a t i o n ,   and   Dag  a p p l i c a t i o n ,  

f o l l o w e d   by  a t t a c h m e n t   of  t h e   i n n e r   s h i e l d   16,  a n d  

c o n n e c t i o n   of  t h i s   p a n e l   11  t o   t h e   f u n n e l   12  a t   t h e   r e a r   o f  

t h e   e n v e l o p e ,   on  w h i c h   i s   m o u n t e d   t h e   e l e c t r o n   gun  17,  a n d  

e v a c u a t i o n   of  t h e   i n t e r i o r .   The  same  m a t e r i a l   as  t h a t  

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

s h i e l d .  

[ E m b o d i m e n t   2 ]  

R e s p e c t i v e   i n g o t s   we re   p r e p a r e d   of  a l l o y s   c o n t a i n i n g   32% 

Ni,  5%  Co  and   Fe  as  t h e   ma in   c o n s t i t u e n t ,   and  3  wt%  Cr ,   a n d ,  

as  i n c i d e n t a l   c o n s t i t u e n t s ,   0 . 0 5   wt%  of  C,  0 . 0 2   wt%  of  S i ,  

and  0 . 0 0 1   wt%  of  P  and  S  . r e s p e c t i v e l y .   Shadow  m a s k s   w e r e  

t h e n  m a d e   u s i n g   t h e   i n g o t s   of  t h e   a l l o y ,   in  t h e   same  way  a s  

in  E m b o d i m e n t   1,  and  t h e s e   w e r e   u s e d   to   m a n u f a c t u r e   c o l o u r  

c a t h o d e   r a y   t u b e s .  

In  t h i s   e m b o d i m e n t   t o o ,   i t   was  f o u n d   t h a t   s p r i n g - b a c k   d i d  

not   o c c u r   and   t h e   m a t e r i a l   had  e x c e l l e n t   f o r m a b i l i t y .  



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

m a t e r i a l   b e f o r e   e t c h i n g ,   and   t h e   g r a i n   s i z e ,   w i t h   t h e  

e t c h i n g   c h a r a c t e r i s t i c s   was   t h e n   e x a m i n e d .   I t   was  f o u n d   t h a t  

i r r e g u l a r i t i e s  w e r e  p r o d u c e d   in   e t c h i n g   when  t h e   s t r u c t u r e s  

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

a  l e v e l  s u c h   as   t o   g i v e   an  a u s t e n i t e   p e r c e n t a g e   of  as  low  a s  

70%.  In  t h e   c o n t r o l l e d   r o l l i n g   s t e p ,   i t   was  a l s o   f o u n d   t h a t  

i f   t h e   g r a i n   s i z e  a s   d e f i n e d   in  J I S - G 0 5 5 1   was  a d j u s t e d   to   7 

( a v e r a g e   1 , 0 0 0   g r a i n s / m m 2 ) ,   s h a d o w   mask  p o r t i o n s   23a  a s  

shown  in   F i g .  7  w e r e   p r o d u c e d ,   w h e r e   t h e   a p e r t u r e s   w e r e   n o t  

p r o p e r l y   f o r m e d  s o   as  to   p e n e t r a t e   t h r o u g h   t h e   s h a d o w   m a s k .  

On  t h e   o t h e r   h a n d ,   i f   t h e   s a i d   g r a i n   s i z e   was  a d j u s t e d   to   a  

v a l u e   of   12  ( a v e r a g e   4 0 , 0 0 0   g r a i n s / m m  )   or  m o r e ,   as  shown  i n  

F i g .   8,  t h e   i n s i d e   w a l l   of   t h e   e t c h e d   h o l e s   b e c a m e   t h a t   of  a  

" r o u g h   h o l e " ,   u n s u i t a b l e   f o r   a  h i g h - p r e c i s i o n   s h a d o w   m a s k .  

In  a  s h a d o w   m a s k   u s i n g   t h e   8  wt%  Cr  i n g o t   in   t h e   same  w a y  

as  in   E m b o d i m e n t   1 ,  i t   was  f o u n d   t h a t   t h e   same  e f f e c t s   a s  

t h i s   e m b o d i m e n t  w e r e   o c c u r e d .  

[ E m b o d i m e n t   3 ]  

F i r s t   of   a l l ,   an  i n g o t   of  a l l o y   c o n t a i n i n g   36%  Ni ,   and  F e  

as  t h e   m a i n   c o n s t i t u e n t ,   w i t h   6  wt%  Cr,  and   0 . 0 0 5   wt%  C,  

0 . 0 1   wt%  S i ,   and  0 . 0 0 1   wt%  Of  e a c h   of  P  and   S  r e s p e c t i v e l y  

was  p r e p a r e d   b y   vacuum  m e l t i n g .   T h i s   i n g o t   was  t h e n  

s u b j e c t e d   t o   r e p e a t e d   ho t   r o l l i n g ,   w a s h e d   w i t h   a c i d ,   and  t h e  

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

of  80%  was   u s e d   in   t h i s   p r o c e s s .  

A f t e r   t h e   a b o v e   r o l l i n g   t r e a t m e n t ,   t h i s  m a t e r i a l   w a s  

a n n e a l e d   a t   10-4   t o r r ,  8 0 0 ° C   in   a  b o x - t y p e   a n n e a l i n g  



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

of  10%.  By  t h i s   c o n t r o l l e d   r o l l i n g ,   an  i n - t u b e   c o m p o n e n t  

m a t e r i a l   h a v i n g   an  a u s t e n i t i c   s t r u c t u r e   and  of   g r a i n   s i z e   10 

( 8 , 2 0 0   g r a i n s / m m  2   on  a v e r a g e )   as  d e f i n e d   in   J I S - G 0 5 5 1   w a s  

o b t a i n e d .   A  s h a d o w   mask   was  p r o d u c e d   u s i n g   t h e   i n - t u b e  

c o m p o n e n t   m a t e r i a l   m a n u f a c t u r e d   as   a b o v e ,   by  t h e   m e t h o d   o f  

E x a m p l e   1.  I t   was  f o u n d   t h a t   t h i s   s h a d o w   m a s k   m a t e r i a l   h a d  

a  s m a l l   0 .2%  y i e l d   p o i n t   and  e x c e l l e n t   f o r m a b i l i t y ,   and  d i d  

no t   g i v e   r i s e   t o   s p r i n g - b a c k .   I t   was  a l s o   c o n f i r m e d   t h a t   t h e  

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

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

t h e   a d v e r s e   e f f e c t   on  f o r m a b i l i t y   c a u s e d   by  w h a t   i s   known  a s  

s t a t i s t i c a l   s c a t t e r   of  t h e s e   c h a r a c t e r i s t i c s .  

[ E m b o d i m e n t   4 ]  

An  i n g o t   of  a l l o y   c o n t a i n i n g   42%  Ni,   and  Fe  as   t h e   m a i n  

c o n s t i t u e n t ,   w i t h   3  wt%  Cr ,   and  0 . 0 5   wt%  C,  0 . 0 2   wt%  S i ,   a n d  

0 . 0 0 1   wt%  of  e a c h   of  P  and  S  r e s p e c t i v e l y   was  p r e p a r e d .   A 

s h a d o w   mask   was  t h e n   p r o d u c e d   u s i n g   t h e   i n g o t s   of  t h i s   a l l o y  

by  t h e   m e t h o d   of  E x a m p l e   l . I t   was  f o u n d   t h a t   t h e   s h a d o w   m a s k  

m a t e r i a l   of  t h i s   e m b o d i m e n t   had  e x c e l l e n t   f o r m a b i l i t y ,   a n d  

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

An  i n g o t   of  a f o r e m e n t i o n e d   a l l o y   s u b s t i t u t e d   w i t h   8  wt% 

Cr  a l s o   c o u l d   p r o d u c e   t h e   s h a d o w   mask  as   w e l l   as  t h i s  

e m b o d i m e n t .  

[ E m b o d i m e n t   5 ]  

The  f o l l o w i n g   T a b l e   s h o w s   t he   e t c h i n g   c h a r a c t e r i s t i c s   a n d  



f o r m a b i l i t y   of  i n - t u b e   c o m p o n e n t   m a t e r i a l   ( s a m p l e s   (1)  a n d  

( 2 ) )   a c c o r d i n g   to   t h i s   i n v e n t i o n   a d j u s t e d   to   g r a i n   s i z e  

2 , 0 0 0  -   4 0 , 0 0 0   g r a i n s / m m 2 .   T h i s   m a t e r i a l   was  a  3 6 N i - 4 C r - F e  

a l l o y   p r o d u c e d   by  i n c l u d i n g   a  4%  Cr  c o n t e n t   in   an  i r o n   a l l o y  

of  36%  Ni  c o n t e n t .   S a m p l e   (3)  i s   g i v e n   f o r   p u r p o s e s   o f  

c o m p a r i s o n .   T h i s   s a m p l e   was  a  3 6 N i - 4 C r - F e   a l l o y   w h o s e   g r a i n  

s i z e   was  no t   a d j u s t e d .   S a m p l e   (4)  i s   a l s o   g i v e n   f o r   p u r p o s e s  

of  c o m p a r i s o n   and  i s   a  s a m p l e   w h i c h  h a d   a  f i n e   g r a i n   s i z e  

p r o d u c e d   by  r o l l i n g .   In  b o t h   c a s e s ,   t h e   e t c h i n g   c h a r a c t e r -  

i s t i c s   w e r e   p o o r .   A l s o   in   t h e   c a s e   of  s a m p l e   ( 4 ) ,   i t   w a s  

f o u n d   t h a t   some  mask   s t r a i n   was  p r o d u c e d ,   c a u s i n g   c a m b e r .  



In  t h e   a b o v e   T a b l e ,   t h e   h e a d i n g   " M e t a l l i c   s t r u c t u r e "  

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

d e t e r m i n e d   by  X - r a y   d i f f r a c t i o n .   The  e v a l u a t i o n   of  " E t c h i n g  

c h a r a c t e r i s t i c s "   was  made  on  t h e   f o l l o w i n g   b a s i s :   g o o d  

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

o v e r   99%  of   c a s e s ,   t h e   h o l e s   no t   h a v i n g   r o u g h   w a l l s ;   r a t h e r  

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

t h r o u g h   t h e   mask   in  o v e r   99%  of  c a s e s ,   t h e   h o l e s   w e r e   " r o u g h  

h o l e s " .   The  c r i t e r i o n   of  good  f o r m a b i l i t y   was  t h a t   s p r i n g -  

b a c k   was   l e s s   t h a n   20  m i c r o n   on  f o r m i n g   a f t e r   a n n e a l i n g   t h e  

e t c h e d   f l a t   p l a t e   at   1100°C  in  v a c u u m .  

As  s h o w n   by  t h i s   T a b l e ,   t h e   e f f e c t i v e n e s s   of  t h i s  

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

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

c h a r a c t e r i s t i c s   and  good   f o r m a b i l i t y   c an   be  o b t a i n e d .   T h e  

same  e f f e c t   i s   o b t a i n e d   by  a d d i n g   Cr  to   an  a l l o y   c o n s i s t i n g  

of  2 5  -   35  wt%  Ni,   and   0 . 2  -   10  wt%,  p r e f e r a b l y   3  -   6  w t % ,  

of  Co,  and   t h e   r e m a i n d e r   Fe.   H o w e v e r ,   i t   s h o u l d   be  n o t e d  

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

b e e n   f u r t h e r   r e d u c e d   by  Co  a d d i t i o n   h a s   a  0 .2%  y i e l d   p o i n t  

a b o u t   2  -   5  kg/mm2  2  
h i g h e r   t h a n   when  no  Co  i s   a d d e d ,   and  s o  

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

i n v e n t i o n   i s   t h e r e f o r e   v e r y   u s e f u l   in   t h a t   t h e   Cr  a d d i t i o n  

g i v e s   a  l o w e r   0.2%  y i e l d   p o i n t   w i t h o u t   i n c r e a s i n g   t h e  

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

In  t h e   a b o v e   d e s c r i p t i o n ,   t h e   f o r m i n g   of  a  s h a d o w   m a s k  

h a s   b e e n   t a k e n   as  t h e   e x a m p l e .   H o w e v e r ,   o t h e r   c o m p o n e n t s   o f  

a  c o l o u r   c a t h o d e   r a y   t u b e ,   such   as  t h e   i n n e r   s h i e l d ,   f r a m e ,  

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

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



can   a l s o   be  p u t   i n t o   p r a c t i c e   in   v a r i o u s   ways   w i t h o u t  

d e p a r t i n g   f rom  i t s   e s s e n c e .  



1.  A  m a t e r i a l ,   su i t ab le   for  use  in  i n - t u b e   componen t s ,   whose  

main  componen t   is  an  Fe-Ni   alloy  of  which  the  main  c o n s t i t u e n t   is 

Fe,  and  con ta in ing   at  least  25 -   45  wt%  Ni,  0 .3  -   10  wt%  Cr  ( w h i c h  

may  be  pa r t i a l l y   r e p l a c e d   by  Mn),  and  0  -  1 0   wt%  Co,  and  which  is  o f  

gra in   s ize   2 ,000  -   40,000  g r a i n s / m m 2 .  

2.  A  ma te r i a l   a c c o r d i n g   to  claim  1,  c o n t a i n i n g   at  least   0.2 

wt%  of  Co. 

3.  A  mate r ia l   a c c o r d i n g   to  claim  1  or  2  con t a in ing   1 -  4 wt % 

of  C r .  

4.  A  ma te r i a l   a c c o r d i n g   to  claim  1,  2  or  3  formed  to  have  a t  

leas t   an  80%  a u s t e n i t i c   s t r u c t u r e .  

5.  A  method  of  m a n u f a c t u r i n g   a  m a t e r i a l   su i tab le   for  use  in 

i n - t ube   componen t s   c h a r a c t e r i s e d   in  that   an  alloy  con ta in ing   25 -  45 

wt%  Ni,  0 .3 -   10  wt%  Cr  (which  may  be  p a r t i a l l y   r e p l a c e d   by  Mn),  0  -  

10  wt%  of  Co,  the  r e m a i n d e r   Fe  and  u n a v o i d a b l e   impur i t i e s   is  m e l t e d ,  

this  is  s u b j e c t e d   to  roll ing  and  a n n e a l i n g ,   then  final  cold  r o l l i n g  

is  c a r r i e d   out  with  a  draf t   of  at  least   40%,  fo l lowed   by  a n n e a l i n g  

t r e a t m e n t   in  the  t e m p e r a t u r e   range  5 0 0  -   1200 ° C,  then  c o n t r o l l e d  

roll ing  with  a  draft   of  30%  or  less,  to  m a n u f a c t u r e   a  m a t e r i a l  

cons i s t ing   of  alloy  of  grain  size  set  to  2 , 0 0 0  -   40,000  g r a i n s / m m 2 .  

6.  Method  of  m a n u f a c t u r i n g   a  ma te r i a l   a cco rd ing   to  c la im 

5,  wherein  the  f inal   r o l l i n g   d ra f t   is  at  l eas t   70%. 

7.  Method  of  m a n u f a c t u r i n g   a  m a t e r i a l   a cco rd ing   to  claim  5 

or  6,  where in   the  c o n t r o l l e d   roll ing  is  c o m p l e t e d   by  s t r a i n - r e l i e f  

annea l ing   performed  at  below  800°C,  a f t e r   the  r o l l i n g   t r e a t m e n t .  

8.  Method  of  m a n u f a c t u r i n g   a  m a t e r i a l   a c c o r d i n g   to  claim  5, 



6  or  7,  w h e r e i n   the  a l loy   c o n s t i t u t i n g   the  i n - t u b e   c o m p o n e n t  

ma te r i a l   is  formed  with  at  least   an  80%  a u s t e n i t i c   s t r u c t u r e .  

9.  An  i n - t u b e   componen t   compr i s ing   a  ma te r i a l   in  a c c o r d a n c e  

with  a n y  o n e   of  c la ims  1  to  4  or  a  ma te r i a l   m a n u f a c t u r e d   by  t h e  

method  of  any one  of  claims  5  to  8.  

10.  An  i n - t u b e   component   a c c o r d i n g   to  claim  9  which  is  a 

shadow  mask,  inner  sh ie ld ,   frame  or  b ime ta l l i c   e l ement   for  a  c o l o u r  

cathode  ray  t u b e .  
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