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[57] ' ' ABSTRACT 

Surface-hardened pure titanium or pure zirconium, 
titanium~base alloys, or zirconium-base alloys having‘ 
an aged coating of a metastable beta alloy layer of a 
titanium or zirconium-base metalapplied thereon. A 
method of hardening the surface of pure titanium, 
pure zirconium, titanium-base alloys, or zirconium 
base alloys, which includes coating a- metastable beta 
alloy of a titanium-base or zirconium-base metal 
thereon, and aging said coated alloyat temperatures” 
of-200°~600°C. _ , Y ‘ 

12 Claims, 2 Drawing Figures 
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1 . 

SURFACE-HARDENED TITANIUM OR 
ZIRCONIUM AND THEIR ALLOYS AND ’METHOD 

OF PROCESSING SAME 

BACKGROUND OF THE INVENTION 

_ 1. Field Of Invention ' 

This invention relates to surface-hardened‘ titanium, 
zirconium or their alloys and to a method of preparing 
same. More’particularly, this invention relates to sur 
face~hardened, pure'titanium, pure zirconium, titani 
um-base alloys, or zirconium-base alloys, and to a 
method of surface-hardening such metals. 

2. Description Of The Prior Art . 
Generally, titanium and zirconium have superior cor 

rosion resistance in comparison with the ‘other metals, 
and accordingly they are broadly used in the chemical‘ 
?eld as well as many other technologies. However, 
since these metals have a disadvantageously low hard 
ness, if they are frictioned with any other-metal, sei 
zures tend to occur, which greatly limits the range of 
possible applications for these types of metals. 

It has previously been proposed to harden the surface 
of metals of this type such as by nitriding their surfaces. 
Surface nitriding utilizes the fact that titanium and zir-_ 
conium are greatly activated at high temperatures 
above 500°C, and combine at high temperatures above 
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800°C. to form a solid solution of nitrides and a diffu- ‘ 
sion layer. Usually, the titanium or zirconium is con 
tact-treated with a nitriding gas at temperatures of from 
800°—9'OO°C. so as to harden their ‘surfaces. Although 
this method has been commercially applied, since the 
surface-hardened layer obtained is extremely thin, its 4 
endurance period is very short, in spite of the very com 
plicated treating operation. Other prior- art methods 
also have similar disadvantages, and hence are similarly 
ineffective for many commercial applications. 

SUMMARY OF THE INVENTION 
Accordingly, one object'of the present invention is to 

eliminate the aforementioned disadvantages of conven 
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tional methods and to provide a novel and improved ' ' 

surface-hardened titanium, zirconium, oralloy thereof, 
and to ‘provide a method of processing the same. 
Another object of the present invention is to provide 

a surface-hardened pure titanium or purezirconium. 
A further object of the present invention is to provide 

a surface-hardened titanium-base 'or zirconium-base 
alloy. _ I . . _ 

An additional object of this invention is to provide a 
method of hardening the surfaceof pure titanium, pure 
zirconium, or titanium-base or zirconium-base alloys. 

Brie?y, these and other objects are attained in one 
aspect of the present invention -_wherein surface 
hardened pure titanium or zirconium is provided by a 
process which comprises coating a metastable beta 
alloy layer of a titanium or zirconium-base metal onto 
said pure metal, and agingsaid coating to give a hard 
ness of at least 400 Vickers hardness or above. The 

' aforementioned metastable beta alloys may be any of 
the Ti(Zr)-Mo type, Ti(Zr)-V type, Ti(Zr)-Fe type, 
Ti(Zr)-Cr type, Ti(Zr)-Mn type, Ti(Zr)-Nb_type, 
Ti(Zr)-Ta, and multi-element type alloys containing 

. three or more elements of the aforesaid two-element 
type alloys. _ - ' _ 

According to another aspect of the present invention, 
surface-hardened titanium-base or zirconium-base al 
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loys are provided by a process which comprises coating 
a metastable beta alloy' layer of a titanium or zirconi 
um-base metal onto‘ said alloy and aging as above. The 
‘aforesaid titanium-base alloys may be of a Ti-6Al-4V 
type, Ti-5Al-2Cr-lFe type, Ti-5Al-2.5Sn type, Ti- . 
0.2Pd type, Ti-8Mn type, Ti-8Al-lMo-lV type, Ti6Al 
6V-2'Sn type,-Ti-4Al-3Mo-1V type, Ti-2Cu type, Ti 
2Al-2Mn type, Ti-2.25Al-llSn-5Zr~l-Mo-O.1Si type, 
Ti-5Al-5Sn-5Zr type, and the like. _ 

The'aforesaid zirconium-base alloys may be Zircaloy' 
2', Zircaloy-4, and the like. - 

According to afurth'er aspect of this invention, there . 
is provided a method of hardening the surface of pure 
titanium, pure zirconium, or titanium~base or zirconi 
um-base alloys, which comprises the steps of ‘coating a 
metastable beta alloy of a titanium-base or zirconium 
base metal thereon and aging said coated alloy at tem 
peratures of 200°-600°C. Thus, a surface-hardened 
layer may be very effectively formed on the surface of 
the metal to be treated according to this invention, in 
various thickness suitable for the intended purpose. 

In the method of this invention, if ‘the metastable beta 
valloy of the titanium-base or zirconium-base metalis ' 
aged at low’ temperatures of 200°—600°C., the beta 
phase is decomposed to precipitate the alpha phase or 
its intermediate phase, 'i.e., omega phase, and the alloy 

' is extremely hardened. This fact is utilized in this inven 
tion in such a manner that the metastable beta phase 
alloy of this type is coated in advance on the surface of 
the metal to be treated, and then the coated'surface is 
aged at a low temperature ‘region so as to harden only 
the surface layer, providing a titanium or zirconium 
product. . _ 

The coating of the metastable .beta phase alloy may 
be provided on the surface of the metal to be treated, 
for example, by diffusion welding or explosive pressure 
welding. The most effective and simplest method, how 
ever, will oftengbe deposit welding. In this case, since 
the metastable beta phase alloy to be deposited on the 
metal surface to be treated is common to the metal to 
be treated in the base metal, the welded portion will 
have no possibility of becoming fragile by metallurgical 
reaction. ' , 

In the method of this invention, the coated surface is 
aged in the temperature range of.200°-600°C. for a 
suitable period of time in the range of 5 minutes to 20 ' 
hours. If the aging is performed for a period shorter 
than 5 minutes, difficulty may be experienced in indus 
try, and use of times longer than twenty hours'is not ef 
?cient for industry.“ 
'The other‘treatin'g' operations maybe in accordancev 

with the common conditions known by those skilled in 
the art. . 

. BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete appreciation of the invention will 
be readily obtained as the same becomes better under 
stood by reference to the following detailed description 
when taken in conjunction with the accompanying‘ 
drawings, wherein: 

‘FIGS. 1 and 2 are graphical representations of the 
hardness distribution obtained from a titanium-base 
alloy treated in accordance withvthe'present invention. 
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DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Reference is now made to FIG. 1, which shows the 
hardness distribution obtained by the method of this 
invention. Pure titanium plate was prepared as the base‘ 
metal to be treated. Ti- 1 5Mo-5Zr type alloy was depos 
ited by TIG welding on the surface of the pure titanium 
plate, which was then held in aging treatment for six 
hours at 450°C. Thus, as shown in FIG. 1, a surface 
hardened layer having sufficiently high hardness could 
be obtained. 
Referring now to FIG. 2, which also shows the hard 

ness distribution obtained by the method of this inven 
tion, a titanium-base alloy plate of the Ti-5Al-2Cr-1Fe 
type was prepared as the'base metal to be treated. This 
alloy was also deposited in a manner similar to the 
method described above with reference to FIG. 1. The 
deposited alloy was then subjected to solution treat 
ment at a temperature of 800°C. for 2 hours, cooled by 
water, age treated at a temperature of 450°C. for 6 
hours, and ?nally cooled by air. Thus, as shown in FIG. 
2, a surface~hardened layer having sufficiently ' high 
hardness could also be obtained. 

It will be understood from the foregoing description 
that the surface-hardened pure titanium, pure zirco 
nium, or titanium-base or zirconium-‘base alloys of this 
invention have a coating of a metastable beta alloy 
layer of a titanium or zirconium-base metal which has 
been aged to a sufficienthardness. The thickness of the 
surface-hardened layer may be selected in accordance 
with the intended use. Furthermore, since this layer be 
fore the aging treatment is relatively soft, as seen from 
the graphs shown in the drawings, it is possible to easily 
work the metai, such as by cutting it or the like, even 
after the metal is ‘coated, and thereafter age the coating 
to form the hardened surface. Thus, the method of this 
invention is particularly adapted for producing agitator 
blades, valves, bushings, etc. 

It should also be understood that since the method of 
this invention forms an aged coating of a metastable 
beta phase alloy of the same type of metal as that to 
be treated, the thickness of the surface-hardened layer 
may be suitably selected to suit the desired product. It 
is also possible to work the metal to any shape, due to 
the aforementioned effects. - 

It will be appreciated that, while the foregoing disclo 
sure relates only to preferred embodiments of the in 
vention for preparing surface-hardened pure titanium 
or zirconium, or titanium-base or zirconium-base al 
loys, numerous modi?cations or alterations will be ap 
parent to those skilled in the art without departing from 
the spirit and scopeof the invention as set forth in the 
appended .claims. 
What is claimed as new and intended to be secured 

by letters patent of the United States is: 
l. A titanium or titanium base alloy having a depos 

ited Ti metastable beta alloy layer thereon, said depos 
ited layer being in an age hardened condition and hav 

- ing a hardness of at least 400 Vickers wherein said tita 
nium base alloy is selected from the group consistingof 
T i-6Al-4V, Ti-SAl-ZCr-lFe, Ti-5Al-2.5Sn, Ti-0.2Pd, 
Ti-BMn, Ti-8Al-Mo-1V, Ti-6Al-6V-2Sn, Ti-4AI'73MO 
1V, Ti-2Cu, Ti-2Al-2Mn, Ti-2.25Al-l1Sn-5Zr-lMo 
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4 
0.1Si, and Ti-5Al-5Sn-5Zr and wherein said metastable 
beta alloy is selected from the group consisting of Ti 
Mo, Ti-V, Ti-Fe, Ti-Cr, Ti-Mn, Ti-Nb, Ti-Ta and alloys 
containing three or more elements of the aforesaid two 
element alloys. 

2. A zirconium or zirconium base alloy having a de 
posited Zr metastable beta alloy layer thereon, said de 
positedrlayer being in an age hardened conditiolang 
having a hardness ofatleast 400'Vickers, wherein said 
zirconium base alloy is selected from the group consist-‘ 
ing of zircaloy-Z and zircaloy-4 and wherein said meta 
stable beta alloy is selected from the group consisting 
of Zr-Mo, Zr-V, Zr-Fe, Zr-Cr, Zr-Mn, Zr-Nb and Zr 
Ta, and alloys containing three or more elements of the 
aforesaid two element alloys. 

3. The titanium or titanium base alloy of claim 1, 
wherein said age hardening was conducted at a temper 
ature of from 200° — 600°C. 

4. The zirconium or zirconium base alloy of claim 2, 
wherein said age hardening was conducted at a temper 
ature of from 200°,~— 600°C. 

5. A method of hardening the surface of a titanium 
or titanium base alloy which comprises depositing a 
layer of a Ti metastable beta alloy onto the surface of 
said titanium or titanium base alloy, solution heat treat 
ing, quenching, and aging said alloy layer at tempera 
tures of 200° —- 600°C. for a period of 5 minutes to 20 
hours to a Vickers hardness of at least 400, wherein 
said titanium base alloy is selected from the group con 
sisting of Ti-6Al-4V, Ti-5Al-2Cr-1Fe, Ti-5Al-2.5Sn, 
Ti-0.2Pd, Ti-8Mn, Ti-8Al-Mo-IV, Ti-6Al-6V-2Sn, Ti 
4Al-3Mo-1V, Ti-ZCu, Ti-2Al-2Mn, Ti-2.25Al-l lSn 
5Zr-lMo-0.1Si, and Ti-5Al-5Sn-5Zr and wherein said 
metastable beta alloy is selected from the group con 
sisting of Ti-Mo, Ti-V, Ti-Fe, Ti-Cr, Ti-Mn, Ti-Nb, 
Ti-Ta and alloys containing three or more elements of 
the aforesaid two element alloys. 

6. A method of hardening the surface of a zirconium 
or zirconium base alloy which comprises: 

depositing'a layer of a Zr metastable beta alloy onto 
' the surface of said zirconium or zirconium base al 
loy, solution heat treating, quenching, and aging 
said alloy at temperatures of 200° - 600°C. for a pe 
riod of 5 minutes to 20 hours to a Vickers hardness 
of at least 400, wherein said zirconium base alloy 
is selected from the group consisting of zircaloy-2 

' and zircaloy-4 and wherein said metastable beta 
alloy is selected from the group consisting of Zr 
Mo, Zr-V, Zr-Fe, Zr-Cr, Zr-Mn, Zr-Nb and Zr-Ta, 
and alloys containing three or more elements of the 
aforesaid two element alloys. ‘ 

7. The method of claim 6, wherein said metastable 
beta alloy is formed by diffusion welding. 
'8. The method of claim 6, wherein said metastable 

beta alloy is formed by explosive pressure welding. 
9. The method of claim 6, wherein said metastable 

beta alloy is fonned by deposit welding. 
10. The method of claim 5, wherein said metastable 

beta alloy is coated by diffusion welding. 
11. The method of claim 5, wherein said metastable 

beta alloy is forming by explosive pressure welding. 
12. The method of claim 5, wherein said metastable 

beta alloy is forming by deposit welding. 
* * * * * 


