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©  Titanium  alloys. 
  A  titanium  alloy  having  an  excellent  cold  workability  is 
disclosed,  which  consists  essentially  of  8-25  wt  %  of  V,  0.5-5 
wt%  of  Al,  less  than  1.0  wt%  of  Cr,  not  more  than  1.0  wt%  of  Fe, 
not  more  than  1.0  wt%  of  Mn,  and  the  balance  being  substan- 
tially  Ti  and  is  used  as  a  material  for  spacecrafts,  aircrafts, 
automobiles,  mechanical  and  structural  components  and  so 
on. 



This  i n v e n t i o n   r e l a t e s   to  t i t a n i u m   a l l o y s ,   and  in  p a r t i c u l a r   t o  

t i t a n i u m   a l l o y s   having  an  e x c e l l e n t   cold  w o r k a b i l i t y   for  use  as  

m a t e r i a l s   for   s p a c e c r a f t s ,   a i r c r a f t s ,   a u t o m o b i l e s ,   mechanica l   and 

s t r u c t u r a l   components,  b i o m a t e r i a l s ,   goods  for   c i v i l i a n   use  and  so  on .  

T i tan ium  a l l o y s   have  a  s t r e n g t h   equal  to  tha t   of  s t e e l   and  are  l i g h t  

in  we igh t ,   so  tha t   they  have  been  e x t e n s i v e l y   used  as  m a t e r i a l s   f o r  

s p a c e c r a f t s   and  a i r c r a f t s   for   some  t ime .   La te ly ,   they  have  begun  t o  

be  used  as  m a t e r i a l s   for  au tomobi le s ,   mechanical   and  s t r u c t u r a l  

components ,   b i o m a t e r i a l s ,   goods  for  c i v i l i a n   use  and  so  o n .  

Known  t i t a n i u m   a l loys   have  va r ious   chemical   c o m p o s i t i o n s .   Among  them, 

a  Ti-6Al-4V  a l loy   is  most  used  because  i t   has  s t a b l e   m e c h a n i c a l  

p r o p e r t i e s   and  is  easy  to  handle .   However,  t h i s   t i t a n i u m   a l l o y  

c o n t a i n s   about  80%  of  the  a -phase   which  has  a  hexagonal  c r y s t a l  

s t r u c t u r e   having  a  small  d e f o r m a b i l i t y ,   so  t h a t   i t   is  d i f f i c u l t   t o  

cold  work  the  a l l oy   by  not  l ess   than  25%.  T h e r e f o r e ,   s i n g l e   p h a s e  

type  t i t a n i u m   a l loys   with  the  B-phase  having  a  b o d y - c e n t e r e d   c u b i c  

c r y s t a l   s t r u c t u r e   having  a  good  cold  w o r k a b i l i t y   are  p r o v i n g  

a t t r a c t i v e .   Examples  of  s i n g l e   B-phase  type  t i t a n i u m   a l loys   a r e  

Ti-11.5%Mo-6%Zr-4.5%Sn,  Ti-13%V-11%Cr-3%Al,  Ti-10%V-2%Fe-3%Al  and  t h e  

l i k e .  

H o w e v e r ,  t h e   a fo remen t ioned   c o n v e n t i o n a l   s i n g l e   B-phase  type  t i t a n i u m  

a l l o y s   can  be   s u b j e c t e d   to  cold  working  at  a  working  ra te   of  a b o u t  

70%,  but  have  a  problem  i n  t h a t   the  s e r v i c e   l i f e   of  a  mould  in  case  o f  

cold  f o r g i n g  i s   shor t   and  in  case  of  cold  drawing  or  cold  r o l l i n g  

baking  to  the  die  or  r o l l   is  l i a b l e   to  occur  because  the  hardness   o f  

the  a l l o y s   is  f a i r l y   high,  being  more  than  about  HRC=30. 

The  i n v e n t i o n   aims  to  overcome  the  a f o r e m e n t i o n e d   problems  and  t o  

provide   s i n g l e   B-phase  type  t i t a n i u m   a l l o y s   having  an  e x c e l l e n t   c o l d  



w o r k a b i l i t y .   Fu r the rmore ,   i t   is   an  o b j e c t   to  p rov ide   such  t i t a n i u m  

a l loys   which,  on  cold  f o r g i n g ,   permit   a  long  s e r v i c e   l i f e   of  the  mould 

and  do  not  cause  baking  to  the  die   or  r o l l   when  being  cold  drawn  o r  

cold  r o l l e d .  

According  to  the  i n v e n t i o n ,   t h e r e   is  the  p r o v i s i o n   of  a  s i n g l e   B - p h a s e  

type  t i t a n i u m   a l l oy   having  an  e x c e l l e n t   cold  w o r k a b i l i t y ,   c o m p r i s i n g ,  

on  a  weight   p e r c e n t a g e ,   8-25%  of  V,  0.5-5%  of  Al,  l ess   than  1.0%  o f  

Cr,  not  more  than  1.0%  of  Fe,  not  more  than  1.0%  of  Mn,  and  i f  

d e s i r e d ,   not  more  than  5%  in  t o t a l   of  at  l e a s t   one  or  more  than  one  o f  

0 .01-3 .0%  of  REM  and  0 .01-1 .0%  of  each  of  Ca,  S,  Se,  Te,  Pb  and  Bi ,  

and  the  ba l ance   being  s u b s t a n t i a l l y   T i .  

Embodiments  of  the  i n v e n t i o n   wi l l   now  be  d e s c r i b e d   by  way  of  example  

only  with  r e f e r e n c e   to  the  accompanying  drawings,   w h e r e i n :  

F igures   1  and  2  are  graphs  showing  r e s p e c t i v e l y   the  r e l a t i o n s h i p  

between  the  amount  of  vanadium  and  the  hardness   and  l i m i t   c o m p r e s s i o n  

r a t i o   in  t i t a n i u m   a l l o y s   based  on  T i - 4 . 5 % A l - 0 . 3 % C r ;  

Figure  3  is  a  graph  showing  the  r e l a t i o n s h i p   between  the  amount  o f  

aluminium  and  the  ha rdness   in  t i t a n i u m   a l l o y s  b a s e d   on  Ti-18%V-0.3%Cr;  

F igu re s   4a  and  4b  are  d i a g r a m m a t i c a l   views  i l l u s t r a t i n g   shapes  o f  

specimens  used  be fo re   and  a f t e r   a  compress ion   t e s t ,   r e s p e c t i v e l y ;  

Figure   5  is  a  graph  showing  d e f o r m a t i o n   r e s i s t a n c e   and  d e f o r a m t i o n  

l i m i t   of  the  specimen  meausured  by  the  compress ion  t e s t ;   and  

Figure  6  is  a  graph  showing  the  i n f l u e n c e   of  ageing  t e m p e r a t u r e   on 

h a r d n e s s .  

The  r e a s o n   why  the  chemical   c o m p o s i t i o n   of  the  s i n g l e   B-phase  t y p e  

t i t a n i u m   a l l o y s   having  an  e x c e l l e n t   cold  w o r k a b i l i t y   accord ing   to  t h e  



i n v e n t i o n   are  l i m i t e d   to  the  above  ranges  is  mentioned  as  f o l l o w s .  

V:  8-25% 

V  i s  a   most  impor tan t   element  accord ing   to  the  i n v e n t i o n .   In  t h e  

t i t a n i u m   a l l oys ,   i t   is  n e c e s s a r y   s u b s t a n t i a l l y   to  render   the  s t r u c t u r e  

in to   the  s ing le   B-phase  for  improving  the  cold  w o r k a b i l i t y .   Such  a 

s i n g l e   B-phase  s t r u c t u r e   is  a t t a i n e d   by  adding  a  B-phase  s t a b i l i z i n g  

e lement .   As  the  β -phase   s t a b i l i z i n g   e lement ,   there   are  m e t a l l i c  

e lements   such  as  Mo,  V,  Ta,  Nb,  Fe,  Cr,  Mn  and  the  l i k e .   Among  them,  

only  Mo  and  V each  forms  a  s i n g l e   B-phase  a l loy   having  a  low  s t r e n g t h ,  

while  when  the  s i n g l e   B-phase  s t r u c t u r e   is  formed  by  the  a d d i t i o n   o f  

any  of  the  other   e l emen t s ,   the  ha rdness   (HRC)  exceeds  25  and  the  c o l d  

w o r k a b i l i t y   lowers .   Moreover,  Mo  has  a  high  mel t ing   poin t ,   p o o r  

p r o d u c t i v i t y   and  high  cos t ,   so  t h a t   i t   is  of  poor  p r a c t i c a l   u s e .  

The  i n v e n t o r s   have  made  many  expe r imen t s   on  t hese   B-phase  s t a b i l i z i n g  

e lements ,   and  have  found  t h a t   only  V  can  improve  the  cold  w o r k a b i l i t y  

w i thou t   i n c r e a s i n g   the  h a r d n e s s .   In  these   e x p e r i m e n t s ,   t h e r e   was 

examined,  for  example,  the  r e l a t i o n   between  the  amount  of  V  added  t o  

the  Ti  a l loy   and  the  ha rdness   a f t e r   the  s o l u t i o n   t r e a t m e n t .   That  i s ,  

v a r i o u s   t i t a n i u m   a l loys   based  on  Ti-4.5%Al-0.3%Cr  having  varying  V 

amounts  were  melted  through  bu t ton   arc  me l t ing   to  form  100g  i n g o t s .  

Then,  each  ingot  was  r o l l e d   in to   a  rod  10mm  in  d iamete r ,   which  was 

s u b j e c t e d   to  a  s o l u t i o n   t r e a t m e n t   under  a  c o n d i t i o n   t h a t   i t   was  h e a t e d  

at  900°C  for  0.5  hour  and  cooled  with  water .   The  hardness   and  c o l d  

w o r k a b i l i t y   were  measured  a f t e r   the  s o l u t i o n   t r e a t m e n t .  

In  Figure  1  is  shown  a  r e l a t i o n   between  the  amount  of  V  added  to  t h e  

Ti-4.5%Al-0.3%Cr  a l l oy   and  the  ha rdness   a f t e r   the  s o l u t i o n   t r e a t m e n t .  

As  shown  in  Figure  1,  the  ha rdness   lowers  as  the  amount  of  V  added 

becomes  l a r g e r ,   and  the  o b j e c t i v e   hardness   of  HRC=not  l e s s   than  25  i s  

o b t a i n e d   when  the  a d d i t i o n   amount  is  not  l e s s   than  8%.  The  r e d u c t i o n  



of  the  ha rdness   is  c o n t i n u e d   when  the  amount  becomes  not  more  t h a n  

about   20%,  and  then  l e v e l s   out  when  i t   exceeds  20%. 

F i g u r e   2  is  a  graph  showing  the  r e s u l t s   of  a  compress ion   t e s t   us ing  a 

spec imen  6mm  in  d iameter   and  11.5mm  in  l eng th ,   wherein  the  o r d i n a t e   i s  

a  l i m i t   compress ion   r a t i o   being  a  value  of  s t r a i n   ( I n [ i n i t i a l   h e i g h t  

(ho)  /  h e igh t   a f t e r   compress ion   ( h )  ]  )   when  c racks   are  produced  i n  

the  s u r f a c e   of  the  specimen,  and  shows  t h a t   as  the  above  value  becomes 

l a r g e r ,   c racks   are  ha rd ly   produced  by  cold  w o r k i n g .  

As  shown  in  F igure   2,  the  cold  w o r k a b i l i t y   is  enhanced  in  a c c o r d a n c e  

with  the  i n c r e a s e   of  the  V  amount  in  the  Ti-4 .5%Al-0.3%Cr  a l l o y .  

As  shown  in  F igures   1  and  2,  the  amount  of  V  added  in  the  t i t a n i u m  

a l l o y   is  de t e rmined   from  a  v iewpoin t   of  the  f a c t   t h a t   the  h a r d n e s s  

a f t e r   the  s o l u t i o n   t r e a t m e n t   is  made  low  and  the  cold  w o r k a b i l i t y   i s  

enhanced .   P a r t i c u l a r l y ,   the  p r e f e r a b l e   amount  of  V  is  de te rmined   by 

the  amount  of  Cr  as  a  B-phase  s t a b i l i z i n g   e lement ,   from  which  i t   i s  

l i m i t e d   to  a  range  of  8-25%  in  the  t i t a n i u m   a l l oy   accord ing   to  t h e  

i n v e n t i o n .   That  is ,   as  apparen t   from  the  above,  when  the  amount  of  V 

is  l e s s   than  8%,  the  a -phase   is  r e t a i n e d   in  the  a l l o y   to  degrade  t h e  

co ld   w o r k a b i l i t y ,   whi le   when  i t   exceeds  25%,  the  age  harden ing   is  n o t  

c a u s e d  a n d   c o n s e q u e n t l y   high  s t r e n g t h   is  not  o b t a i n e d   in  u s e .  

Al:  0 . 5 - 5 %  

T h e  s i n g l e   β -phase   type  t i t a n i u m   a l l oys   are  u s u a l l y   used  a f t e r   t h e y  

have  been  s u b j e c t e d   to  a  s o l u t i o n   t r e a t m e n t ,   cold  working,   and  age  

h a r d e n i n g   t r e a t m e n t .   In  t h i s   case,   the  a d d i t i o n   of  Al  r a i s e s   t h e  

d u c t i l i t y   a f t e r  t h e   age  ha rden ing   t r e a t m e n t .   P a r t i c u l a r l y ,   such  an 

e f f e c t   is  well  r e c o g n i z e d   at  an  Al  amount  of  0 . 5 - 3 % .  

On  the  o the r   hand,  the  i n f l u e n c e   of  the  a d d i t i o n   of  Al  on  the  h a r d n e s s  

of  the  t i t a n i u m   a l loys   was  examined.  That  is ,   va r ious   t i t a n i u m   a l l o y s  



based  on  Ti-18%V-0.3%Cr  having  varying  A1  amounts  were  melted  t h r o u g h  

bu t ton   arc  mel t ing   to  form  100g  i n g o t s .   Each  ingot   was  r o l l e d   in to   a 

rod  10mm  in  d iamete r ,   which  was  s u b j e c t e d   to  a  s o l u t i o n   t r e a t m e n t   by 

hea t ing   at  700°C  fo r   0.5  hour  and  coo l ing   with  wa te r .   The  h a r d n e s s  

a f t e r   the  s o l u t i o n   t r e a t m e n t   was  measured  to  ob ta in   the  r e s u l t s   shown 

in  Figure   3 .  

As  shown  in  F igure   3,  i t   is  apparen t   t h a t   the  hardness   i n c r e a s e d   a s  

the  A1  amount  becomes  l a r g e r .   However,  the  l a rge   amount  of  A1  added  

i n c r e a s e s   only  the  ha rdness ,   but  does  not  enhance  the  d u c t i l i t y .  

Now,  in  order   to  provide  the  s i n g l e   B-phase  type  t i t a n i u m   a l l o y s  

cheap ly ,   i t   is  e f f e c t i v e   to  use  scrap  of  Ti-6%A1-4%V  as  a  s t a r t i n g  

m a t e r i a l .  

The  amount  of  A1  added  is  l i m i t e d   to  a  range  of  0.5-5%  in  view  of  t h e  

enhancement  of  d u c t i l i t y   and  i n c r e a s e   of  hardness   through  A1  a d d i t i o n ,  

the  p roduc t i on   cost   and  the  l i k e .  

Cr:  l ess   than  1.0% 

Cr  is  a  β-phase  s t a b i l i z i n g   element  and  is  e f f e c t i v e   for   r e n d e r i n g   t h e  

c r y s t a l   s t r u c t u r e   of  the  base  into  a  b o d y - c e n t e r e d   cubic  s y s t e m .  

However,  i t   is  d e s i r a b l e   to  add  Cr  in  an  amount  as  small  as  p o s s i b l e  
in  o rder   to  dec rease   the  hardness   a f t e r   the  s o l u t i o n   t r e a t m e n t .  

T h e r e f o r e ,   the  amount  of  Cr  is  s e l e c t e d   to  be  less   than  1.0%  owing  t o  

the  e f f e c t   of  s t a b i l i z i n g   the  β - p h a s e .  

Fe:  not  more  than  1.0% 

Mn:  not  more  than  1.0% 

Fe  and  Mn  are  β-phase   s t a b i l i z i n g   elements   and  are  e f f e c t i v e   f o r  

r ende r ing   the  c r y s t a l   s t r u c t u r e   of  the  base  into  a  b o d y - c e n t e r e d   c u b i c  



system.  However,  i t   is  d e s i r a b l e   to  add  each  of  them  in  an  amount  as  

small   as  p o s s i b l e   in  o rder   to  d e c r e a s e   the  hardness   a f t e r   the  s o l u t i o n  

t r e a t m e n t .   As  to  the  e f f e c t   of  s t a b i l i z i n g   the  B-phase,  assuming  t h a t  

V  is  1,  Mn  is  2.4,  and  Fe  is  4.3,  and  both  the  e lements   are  cheap,  so  

t h a t   t h e i r   compos i t e   a d d i t i o n   br ings   about   ecconomical   m e r i t s .   I n  

t h i s   c o n n e c t i o n ,   each  of  Fe  and  Mn  is  s e l e c t e d   to  be  not  more  t h a n  

1 .0%.  

REM  (one  or  more  than  one  of  ra re   ear th   e l e m e n t )  :   0 . 0 1 - 3 . 0 %  

One  or  more  than  one  of  Ca,  S,  Se,  Te ,  Pb   and  Bi :   0 .01-1 .0%  of  e a c h  

At  l e a s t   one  or  more  than  one  of  REM,  Ca,  S,  Se,  Te,  Pb,  and  Bi  :   n o t  

more  than  5%  in  t o t a l  

All  of  REM,  Ca,  S,  Se,  Te,  Pb  and  Bi  are  e lements   e f f e c t i v e   f o r  

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

Among  them,  the  r a r e   ea r th   element  REM  [ p a r t i c u l a r l y ,   Sc,  Y  and 

l a n t h a n o i d e   (atomic  number :   57-71) ]   forms  a  s t a b l e   compound  with  S ,  

Se,  Te  and  the  l i k e   to  render   i n c l u s i o n s   in to   g r a n u l e s ,   and  i s  

e f f e c t i v e   for   improving  the  t o u g h n e s s ,   d u c t i l i t y   and  f ree   c u t t i n g  

p r o p e r t y .   In  order   to  ob t a in   such  an  e f f e c t ,   REM  is  added  in  an 

amount  of  not  less   than  0.01%,  if   n e c e s s a r y .   However,  if   i t   is  t o o  

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

are  r educed ,   so  t ha t   i t   should  be  l i m i t e d   to  not  more  than  3.0%. 

F u r t h e r m o r e ,   Ca  forms  a  s t a b l e   compound  with  S,  Se,  Te  and  the  l ike   t o  

c o n t r o l   the  form  of  the  i n c l u s i o n s ,   and  is  e f f e c t i v e   for   improving  t h e  

t o u g h n e s s ,   d u c t i l i t y   and  f r ee   c u t t i n g   p r o p e r t y .   In  order   to  p r o v i d e  

such  an  e f f e c t ,   Ca  is  added  in  an  amount  of  not  l e s s   than  0.01%. 

However,  i f   the  amount  is  too  l a rge ,   the  c o r r o s i o n   r e s i s t a n c e   and 

f a t i g u e   s t r e n g t h   of  the  t i t a n i u m   a l l o y s   are  reduced,   so  t ha t   i t   s h o u l d  

be  l i m i t e d   to  not  more  than  1.0%.  And  a lso ,   S,  Se,  Te,  Pb  and  Bi  a r e  
e l emen t s   for   improving  the  f r ee   c u t t i n g   p r o p e r t y   of  the  t i t a n i u m  



a l loys   as  d e s c r i b e d   above,  and  each  of  them  is  added  in  an  amount  o f  

not  l e s s   than  0.01%,  i f   n e c e s s a r y .   However,  if  i t   is  too  l a r g e ,   t h e  

hot  w o r k a b i l i t y   of  the  t i t a n i u m   a l loys   is  c o n s i d e r a b l y   dec reased ,   so  

tha t   i t   is  l i m i t e d   to  not  more  than  1.0%  of  each  of  these   e l e m e n t s .  

Moreover,  i f   the  t o t a l   amount  of  these   elements  REM,  Ca,  S,  Se,  Te,  Pb 

and  Bi  is  too  l a r g e ,   the  c o r r o s i o n   r e s i s t a n c e ,   s t r e n g t h ,   h o t  

w o r k a b i l i t y   and  so  on  of  the  t i t a n i u m   a l loys   are  degraded,   so  t ha t   t h e  

t o t a l   amount  of  at  l e a s t   one  or  more  than  one  is  l i m i t e d   to  not  more 

than  5%. 

Example 

A  t i t a n i u m   a l loy  having  a  chemical   compos i t ion   as  shown  in  t h e  

f o l l o w i n g   Table  1  was  mel ted  in  a  plasma  p r o g r e s s i v e   c a s t i n g   f u r n a c e  

and  shaped  into  an  ingot ,   which  was  forged  into  a  rod  50mm  i n  

d i a m e t e r .   This  rod  was  s u b j e c t e d   to  a  s o l u t i o n   t r e a t m e n t   ( hea t i ng   a t  

8000C  for  0.5  hour  and  coo l ing   with  water)   to  prepare   a  s p e c i m e n .  

Then,  the  hardness   of  the  specimen  a f t e r   the  s o l u t i o n   t r e a t m e n t   was 

measured  as  fo l lows ,   whi le   the  c u t t i n g   t e s t   for  the  f r ee   c u t t i n g  

p r o p e r t y   and  the  compress ion   t e s t   for   the  cold  w o r k a b i l i t y   were  

c a r r i e d   out .   The  measurement  of  the  hardness   was  performed  a c c o r d i n g  

to  Rockwell  C  s c a l e .   The  c u t t i n g   t e s t   was  c a r r i e d   out  under  t h e  

c o n d i t i o n s   shown  in  the  f o l l o w i n g   Table  2  to  measure  a  l i f e   r a t e   o f  

1000mm,  from  which  a  r a t i o   of  the  l i f e   r a t e   when  the  c o n v e n t i o n a l  

6%Al-4%V-Ti  a l loy  is  100,  or  a  d r i l l   l i f e   r a t e   r a t i o   was  e v a l u a t e d .  

The  compression  t e s t   was  performed  by  compressing  a  specimen  6mm  i n  

d iameter   and  11.5  mm  in  he igh t   (ho)  to  a  he igh t   (h),  during  which  a  

de fo rma t ion   r e s i s t a n c e   was  measured  and  eva lua ted   as  a  c o l d  

w o r k a b i l i t y .  

The  measured  value  of  the  ha rdness   and  t e s t   r e s u l t s   on  the  f r e e  

c u t t i n g   p r o p e r t y   are  shown  in  Table  1,  and  the  r e s u l t s   of  t h e  

compress ion  t e s t   are  shown  in  Figure  5 .  





As  shown  in  Table  1,  the  t i t a n i u m   a l l o y s   acco rd ing   to  the  i n v e n t i o n  

Nos.  1-11)  have  the  hardness   HRC=  not  more  than  25  a f t e r   the  s o l u t i o n  

t r e a t m e n t .   As  apparen t   from  the  r e s u l t s   of  compress ion   t e s t   in  F i g u r e  

5,  t h e  t i t a n i u m   a l loys   accord ing   to  the  i n v e n t i o n   (Nos.  1-3)  have  a 

f a i r l y   small  de fo rma t ion   r e s i s t a n c e   and  have  c o n s i d e r a b l y   l ower  

s u r f a c e   c r a c k i n g   as  compared  with  the  c o n v e n t i o n a l   a l l oys   of  T i -6Al -4V 

(No.  12)  and  T i -13V- l lCr -3Al   (No.  13).  That  i s ,   the  t i t a n i u m   a l l o y s  

acco rd ing   to  the  i nven t ion   (Nos.  1-3)  have  e x c e l l e n t   cold  w o r k a b i l i t y ,  

have  a  low  d r i l l   l i f e   r a t e   r a t i o   as  shown  in  Table  1,  and  have  a  good 

f r e e   c u t t i n g   p r o p e r t y .   Fur the rmore ,   in  case  of  the  a l l oys   (Nos.  

4-11)  c o n t a i n i n g   at  l e a s t   one  of  REM,  Ca,  S,  Se,  Te,  Pb  and  Bi,  t h e  

s u r f a c e   c r a c k i n g   is  apt  to  be  somewhat  caused  as  shown  in  Figure  5,  

but  is  ha rd ly   caused  as  compared  with  the  c o n v e n t i o n a l   a l l oy   o f  

Ti-6Al-4V  (No.  12),  while  the  d r i l l   l i f e   r a t e   r a t i o   is  f a i r l y   high  as  

compared  with  the  conven t iona l   a l l o y s   (Nos.  12,  13),  so  t ha t   they  a r e  

e x c e l l e n t   in  not  only  the  cold  w o r k a b i l i t y   but  a lso  the  f r ee   c u t t i n g  

p r o p e r t y .  

Then,  the  age  hardening  p r o p e r t y   of  the  t i t a n i u m   a l l oy   shown  in  No .  7  

.  o f   Table  1  was  examined.  The  measured  r e s u l t   is  shown  in  Figure  6 .  



As  shown  in  F igure   6,  the  ha rdness   is  i n c r e a s e d   by  s u b j e c t i n g   t h e  

a l l o y   to  an  age  h a r d e n i n g   t r e a t m e n t   a f t e r   the  s o l u t i o n   t r e a t m e n t   above  

700°C,  and  in  t h i s   case,  the  i n c r e a s e   of  the  hardness   is  l a r g e s t   a t  

the  h a r d e n i n g   t e m p e r a t u r e   of  4000C.  For  i n s t a n c e ,   hardness   in  HRC 

r i s e s   from  16  to  34  when  the  s o l u t i o n   t r e a t i n g   t e m p e r a t u r e   is  9000C, 

from  which  i t   has  been  conf i rmed   t h a t   the  cold  w o r k a b i l i t y   a f t e r   t h e  

s o l u t i o n   t r e a t m e n t   is  e x c e l l e n t   and  a lso  the  s t r e n g t h   a f t e r   the  age 

h a r d e n i n g   t r e a t m e n t   is  h igh.   Fur the rmore ,   i t   has  been  found  t ha t   when 

the  cold  working  is  per formed  a f t e r   the  s o l u t i o n   t r e a t m e n t ,   t h e  

ha rdnes s   a f t e r   the  age  h a r d e n i n g   t r e a t m e n t   is  r a i s e d   only  by  t h e  

q u a n t i t y   hardened  through  the  cold  w o r k i n g .  

As  p r e v i o u s l y   ment ioned  in  d e t a i l ,   the  s i n g l e   B-phase  type  t i t a n i u m  

a l l o y s   a c c o r d i n g   to  the  i n v e n t i o n ,   c o n s i s t i n g   e s s e n t i a l l y   of,  by 

w e i g h t   p e r c e n t a g e   of,  8-25%  of  V,  0.5-5%  of  Al,  l e s s   than  1.0%  of  Cr ,  

not   more  than  1.0%  of  Fe,  not  more  than  1.0%  of  Mn,  and  if  n e c e s s a r y ,  

not  more  than  5%  in  t o t a l   of  at  l e a s t   one  or  more  than  one  o f  

0 . 0 1 - 3 . 0 %   of  REM  and  0 .01 -1 .0%  in  each  of  Ca,  S,  Se,  Te,  Pb  and  Bi ,  

and  the  b a l a n c e   being  s u b s t a n t i a l l y   Ti,  are  e x c e l l e n t   in  the  c o l d  

w o r k a b i l i t y   as  compared  with  the  e x i s t i n g   a l l o y   of  Ti-6Al-4V.   When 

being  s u b j e c t e d   to  a  cold  working,   the  s e r v i c e   l i f e   of  the  mould 

becomes  l o n g e r ,   and  a l so   when  being  s u b j e c t e d   to  a  cold  drawing  o r  

cold  r o l l i n g ,   baking  to  the  die  or  ro l l   is  ha rd ly   produced,   so  t h a t  

the  p r o d u c t i v i t y   of  components  and  a r t i c l e s   becomes  e x c e l l e n t .  

T h e r e f o r e ,   the  t i t a n i u m   a l l o y s   accord ing   to  the  i n v e n t i o n   can  w i d e l y  

be  a p p l i e d   to  m a t e r i a l s   for   s p a c e c r a f t s ,   a i r c r a f t s ,   a u t o m o b i l e s ,  

mechan ica l   s t r u c t u r a l   components ,   b i o m a t e r i a l ,   goods  for   c i v i l i a n   u s e  

and  so  on  by  e f f e c t i v e l y   u t i l i z i n g   l i g h t   weight ,   c o r r o s i o n   r e s i s t a n c e ,  

high  s t r e n g t h   and  the  l i k e   of  the  t i t a n i u m   a l l o y s .   For  example,  t h e  

i n v e n t i o n   has  an  e x c e l l e n t   e f f e c t ,   as  a  r e s u l t   of  the  l i g h t   w e i g h t ,  

s t r o n g   t oughness   and  low  c o s t   due  to  the  good  p r o d u c t i v i t y   of  t h e  

t i t a n i u m   a l l o y s ,   when  they  are  used  for  va lves ,   valve  r e t a i n e r s ,   v a l v e  

s p r i n g s   in  au tomot ive   eng ine ,   frames  of  p a i r s   of  s p e c t a c l e s   and  t h e  

l i k e .  



1.  A  t i t a n i u m   a l loy   having  an  e x c e l l e n t   cold  w o r k a b i l i t y ,  

c o n s i s t i n g   e s s e n t i a l l y   of,  by  weight   p e r c e n t a g e   of,  8-25%  of  V,  0 . 5 - 5 %  

of  Al,  l e s s   than  1.0%  of  Cr,  not  more  than  1.0%  of  Fe,  not  more  t h a n  

1.0%  of  Mn,  and  the  ba lance   being  s u b s t a n t i a l l y   T i .  

2.  A  t i t a n i u m   a l loy   according   to  Claim  1,  wherein  said  a l loy   has  a 

ha rdness   of  HRC=  not  more  than  25  a f t e r   s o l u t i o n   t r e a t m e n t .  

3.  A  t i t a n i u m   a l loy   having  an  e x c e l l e n t   f r ee   c u t t i n g   p r o p e r t y   and 

cold  w o r k a b i l i t y ,   c o n s i s t i n g   e s s e n t i a l l y   of,  by  weight  pe rcen tage   o f ,  

8-25%  of  V,  0.5-5%  of  Al,  l ess   than  1.0%  of  Cr,  not  more  than  1.0%  o f  

Fe,  not  more  than  1.0%  of  Mn,  not  more  than  5%  in  t o t a l   of  at  l e a s t  

one  or  more  than  one  of  0 .01-3 .0%  of  REM  and  0 .01-1 .0%  in  each  of  Ca, 

S,  Se,  Te,  Pb  and  Bi,  and  the  ba lance   being  s u b s t a n t i a l l y   T i .  

4.  A  t i t a n i u m   a l loy   accord ing   to  Claim  3,  wherein  said  a l loy   has  a 

hardness   of  HRC=  not  more  than  25  a f t e r   s o l u t i o n   t r e a t m e n t .  










	bibliography
	description
	claims
	drawings
	search report

