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"This invention relates broadly to a process for the 
production of a titanium alloy-clad titanium article and 
to the article of manufacture produced thereby. 
-The invention relates more specifically to the novel 

process for the production of a titanium alloy-clad tita 
nium article` by powder metallurgy techniques. 
An important object of this invention is the production 

of a novel composite article of titanium and a titanium 
, .alloy having therebetween a bond which is highly resist 
ant to shear and tensive separation. » 
A further object Aof this‘invention is the production of 

an alloy 'clad relatively light weight titanium article 
which may be used as armor plate, for rocket nozzle 
lining, in high wear applications such as gears, impellers, 
etc., and for chemical apparatus subjected to corrosive 
atmosphere. 

Other objects and advantages will become apparent 
as' the` description proceeds. 

l Referring to the drawing: 
'-Figure l is a 'ver-.tical sectional view of apparatus for 

practicing the invention, viz., a sintering furnace “’ and 
press _showing the positioning of the die and the metal 
powders> therein. ' Y l ' 

` Figure 2 isla cross-sectional view of an alloy-clad 
titanium bar according to the present invention showing' 

Y 40 the bond between the alloy and the titanium metal. 
- Figures 3 and 4 represent a cross-sectional view of a 

_powder charge' prior to applying heat and pressure show 
ing an example of indentations that may be made in the~ 
initial powder layer for altering shear and tensive char 
acteristics of the bond. `   _ '_ » _ ' ` 

While unalloyed titanium metal possesses certain Adis 

alloys of titanium are likewise found >to have many val 
uable properties. ` In combining a. layer of'titanium' 
metal with' a layer of an' alloy of titanium in accordance 
with the'present invention there are found to beadvan 
tages resulting not possessed by either titanium or tita-_ 
nium alloy alone. ' ' » i 

fOne main diftìculty in producing a composite structure 
of titanium metal and titanium alloy is' the elimination 
of exfoliation at the bond between the titanium and 
titanium alloy and the production of a bond highly re 
sistant to shear and tensive separation. 

It has been discovered that such a bond may be pro 
duced between titanium metal and titanium alloys using 
powder metallurgy techniques wherein titanium and tita 
nium allow powder layers are compressed and sintered> 
together in a die to form a composite article of titanium.l 
and titanium alloy joined by a bond having a monotonie 
compositional gradient across its thickness ranging from 
substantially. unalloyed titanium at one surface to the 
titanium alloy at the other. ‘ . » 

Referring to Figure l, showing one embodiment of 
the invention, an amount of titanium powder based on 
.thevfinished thickness of the titanium layer ldesired is 
placed in a die generally-shown as 3_ madeof a Vsuitable _» 
.material such as graphite positioned within a furnace 
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generallyA shown as 6, having a gas tight vcover 7 and 
heating means such as a resistance coil 8 surrounding 
the graphite die. Other conventional heating means may 
be employed such as a hydrocarbon burner or electrical 
induction. The resistance coil terminals are connected 
to terminals outside of the furnace through gas tight 
insulators 9 and l0; The plunger ‘2 is connected to an 
external prime mover by rod 1‘1 which passes through 
a gas tight gland 12 in top 7. The interior of the furnace 
may be evacuated through exit 13 by connecting same 
to a vacuum pump. The titanium charge is leveled and 
a slight pressure isA applied by plunger 2 to pack the 
surface and prevent random sifting of one powder into 
the other. l The plunger is removed from the die and an 
overlay charge of titanium alloy powder or intimately 
mixed titanium and allowing metal powders 4 4is intro 
duced and leveled. A vacuum or inert >atmosphere isV 
produced in the die cavity. Heat is applied to the die 
cavity from an external source and pressure is applied 
by means of plunger 2. The powders are subjected to 
a temperature from 600 to l350° C. and pressures from 
300 to 150() p.s.i., depending upon lthe alloy> used, for a 
period of time sufficient to eñ‘ect controlled interdiffusion 
of the titanium metal and the alloy so as to form a grad 
uated bond whose edges are substantially parallel to the 
original interface between the titanium and titanium 
alloy powders; The interdiffusion is found to be in a 
direction substantially normal to the interface, the extent 
of interdi?îusion depending upon the alloy, the tempera 
ture, the pressure and the length of time the particular 
conditions of temperature and pressure are applied. The 
alloying powder may be in the form of alloy powder, 
titanium powder coated with alloying metals or a mixtur . 
of _titanium and alloying metal powders. ' ‘ 

‘ Figure 2 represents a cross-sectional view _of a iinished 
bar showing the titanium metal layer 1 with the titanium 
`alloy overlaying 4" and graduated bond 5 therebetween. 
The term graduated bond -is intended to define the lam- __ 
inar zone of interdi?fusion >intermediate the substantially 
pure titanium-metal and thetitanium alloy. The corn-k* 

.Y position of the bonding layer progresses from pure tita‘fj 
nium metal to the alloy composition in a uniform gra 
dient so that no definite line of demarcation exists be, 
tween the ¿titanium alloy, thebond, and the titaniumy 
metal. 
The initial charge of _titanium ̀ powder may have indem" 

tations» «14,- Il5 pressed into the ̀ upper surface thereof,l 
as illustrated in-'Figures 3 and 4, to‘produce a predeter 
mined configuration in -the graduated bond. , This may' 
be designed _to moreA evenly distribute shear and tensive 

' stress. » ' ~ ` -1 ' '   

`In. someinstances an advantage may be obtained 4by 
depositing an alloy powder of intermediate> composition» 
between the titanium metal powder and the alloy powder ~ 
overlay. With this technique closer controlover the rate ‘ 
of diffusion may be accomplished. 

Alternate vlayers of4 titanium and alloy powders." may . 
be charged into the die to produce a laminated product.' 

Preferably the titanium metal powder should «be as,¿ 
free as practically possible from oxygen, hydrogen andv 
nitrogen >contamination to avoid undue embrittlement ofA .f 
the titanium metal. ’ ¢ l 

Where the alloy has a eutectic having a melting point 
lower than the sintering temperature such that a liquid „ 
phase may exist, the alloy powder should be placed below 
,the titanium powder to avoid too rapid or spotty pene~ i 
tration by the alloy as a result of the action of gravity. 

A` specific application of this novel process to ther 
production of titanium alloy clad titanium plate for use 
as armor comprises using an alloy powder compnismg 

„95% titanium, 2% iron `and 3% aluminum. The tita- - 
Anium and alloy powders in predetermined amounts are 
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positional gradient in the direction of its thickness, the 
composition at the respective ends of said gradient con 
forming substantially to that of the respectively con 
tiguous mass. 

8. A composite metal structure according to claim 7 
wherein said titanium alloy is a heat resistant titanium 
ceramet alloy selected from the group consisting of tita 
nium-titanium boride; titanium-titanium carbide; and ti 
tanium-titanium silicide. 

9. A composite metal structure according to claim 7 
wherein said alloy is an aluminum alpha stabilized ti 
tanium alloy. 

10. A composite metal structure according to claim 7 
wherein said alloy is 2% Fe, 3% Al titanium alloy. 

1l. A composite metal structure according to claim 7 
wherein said alloy is an aluminum gamma stabilized 
titanium alloy. 

12. A composite metal structure according to claim 7 
wherein said alloy is a titanium-oxygen alloy. 

13. A composite metal structure according to claim 7 
wherein said alloy consists essentially of from 25 to 80% 
titanium carbide and the balance titanium. 
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14. A composite metal structure according to claim 7 
wherein said alloy is a titanium-titanium nitride alloy. 

15. The method of producing an alloy clad titanium 
composite comprising: superimposing separate layers of 
titanium powder and a titanium alloy powder consisting 
essentially of powdered titanium and at least one alloy 
forming element in alloying amounts selected from the 
group consisting of carbon, boron and silicon; pressing 
said layers together under a pressure of from about 300 
p.s.i. to about 150() p.s.i.; and heating the layers to a 
temperature of from about 600° C. to about 1350° C. in 
an inert atmosphere for at least 15 minutes to produce 
interditîusion of metal Ibetween the two layers. 
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