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[5 7] ABSTRACT 

Dispersion-hardened tungsten and tungsten alloy coatings 
having a material such as hafnium nitride at a concentration 
above 0.5 percent by volume are produced by covapor 
depositing tungsten and hafnium nitride. The hafnium nitride 
is produced in situ by addition of ammonia or nitrogen to a 
reducing atmosphere of hydrogen, which is mixed with tung 
sten and hafnium halide vapors in the presence of a substrate 
mandrel heated to a temperature above 900° C. 

7 Claims, 6 Drawing Figures 
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DISPERSION-HARDENED TUNGSTEN ALLOY 

BACKGROUND OF THE INVENTION 

The invention generally pertains to the ?eld of tungsten 
metallurgy, and particularly to the formation of ?ne-grained 
tungsten coatings, and to dispersion-hardened tungsten and 
tungsten alloys and methods for producing same. 
The principal feature and advantage of tungsten and tung~ 

sten base alloys, especially the tungsten rhenium alloys, is the 
high melting point of these metals. The melting point of pure 
tungsten, 3,410° C., is the highest among the metals. Pure 
tungsten and tungsten alloys are relatively workable and relia 
ble over wide temperature ‘ranges, with the exception of 
chemical vapor-deposited tungsten. This latter type has 
characteristic columnar grain structure which has unreliable 
mechanical properties. None of the above metals have 
satisfactory creep resistance at elevated temperatures. The 
dispersion-hardened tungsten materials of the present inven 
tion are particularly useful in high temperature applications in 
view of their high creep resistance. They are, however, less 
ductile than pure tungsten and tungsten alloys. 
There is an ever-growing need for such high temperature 

materials, for example, in nuclear reactor technology, space 
power projects, high temperature jet and rocket engines, etc. 
While tungsten and tungsten alloys such as the tungsten rheni 
um alloys are ideal from the point of view of temperature re 
sistance, their strength deteriorates signi?cantly under the in 
?uence of high temperature. Creep is a major problem, espe 
cially during long-term exposures of the metal to high tem 
peratures. Since space missions for projected nuclear space 
reactors call for continuous operation at high temperatures for 
a number of years, improvement of the high temperature 
creep resistance of tungsten and tungsten alloys is particularly 
desirable. 

TI-IE PRIOR ART 

The problem of enhancing creep resistance in metals and al 
loys has been effectively dealt with before. One of the com 
mon approaches, known as dispersion-hardening, is to in 
troduce and uniformly distribute a small percentage of ?nely 
divided metal compound or ceramic additive into the metal or 
alloy crystal structure. (The terminology used throughout this 
case will be to refer to the metal compound effecting disper 
sion-hardening as the dispersoid. The metallic constituent of 
the dispersoid will be referred to as the dispersoid metal.) 
Often less than 1 percent of the additive material remarkably 
improves the creep resistance, as well as other mechanical 
properties of the matrix material. The dispersoid is usually 
carefully chosen to be compatible with the matrix, and at the 
same time resist motion or deformation of the matrix when 
under stress. 

The rigorous treatment of the mechanisms and theory of 
dispersion-hardening is a complex subject and not well un 
derstood. The best qualitative explanation of the remarkable 
effectiveness of the additives in enhancing the material 
strength properties of the alloys is that the relatively immobile 
intrusions of foreign material (dispersoids) tend to retard 
grain boundary migration and dislocation movement and 
generation, so the creep resistance of the matrix is increased. 

In particular, molybdenum base alloys have been disper 
sion-hardened by means of zirconium nitride and titanium 
nitride. These alloys are usually prepared by forming a mix 
ture of molybdenum and zirconium or titanium metal in the 
liquid state, and, after solidi?cation and appropriate treat 
ment, exposing the alloy to a nitrogen pressure at elevated 
temperatures. Nitrogen then diffuses into the metal and reacts 
with the titanium or zirconium additives to form the nitrides 
which are the e?'ective hardening dispersoid particles. 

Notwithstanding the extensive body of prior knowledge 
with regard to the phenomenon of dispersion-hardening, as 
well as the speci?c dispersion-hardened molybdenum base al 
loys referred to above, the extension of this technology to 
tungsten alloys has heretofore been considered impossible or 
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2 
impractical for a variety of reasons. Firstly, the high melting 
temperature of tungsten creates severe handling problems. 
For example, graphite, the only material which has a melting 
point higher than tungsten, is a poor crucible material due to 
the high solubility of carbon in tungsten at melting tempera 
ture. Accordingly, conventional metallurgical techniques 
which commonly involve handling and processing of metals in 
a molten state are not readily applicable to producing tungsten 
and its alloys. 
The diffusion rate of nitrogen into tungsten is expected to 

be high enough to form dispersoids therein. However, the 
solubility of nitrogen in tungsten, about 1 p.p.m. at 2,000° C., 
is less by a factor of about 30 than the solubility of nitrogen in 
molybdenum. Accordingly, considering the equilibrium 'I‘iN =2 
Ti+N(gas), where Ti is the metal dispersed in the tungsten 
matrix, the quantity of metal which is free to migrate through 
the base-metal matrix and to the surface is high at all times. 
Moreover, since the large dispersoid particles in dispersion al 
loys always grow at the expense of small particles, the formu 
lation of a stable dispersion-hardened tungsten alloy has 
heretofore not been possible in view of the expected large 
migration rate of free metal reactant. 

Accordingly, it is a principal object of the present invention 
to produce stable dispersion-hardened tungsten and tungsten 
alloys, and especially to produce a homogeneous distribution 
of dispersoid particles throughout the tungsten matrix to pro 
tect the tungsten and tungsten alloy matrix against aging. 
Another object of the invention is to produce ?ne grain 

?nished tungsten and tungsten alloys at relatively low tem 
peratures, at temperatures considerably ‘below the melting 
point of tungsten, such as around 1,000° C. 

Pure tungsten coatings have been produced previously by 
vapor-depositing tungsten onto various substrate materials. 
The common process has been to reduce the highly volatile 
tungsten hexafluoride with hydrogen in the vapor phase in the 
presence ofa heated mandrel. While tungsten coatings are 
readily deposited, microstructure examination of the coatings 
invariably shows a columnar grain structure perpendicular to 
the substrate surfaces. Since this type of grain growth is a 
major limiting factor upon the strength and reliability of the 
coating, the elimination thereof is particularly desirable. 

Accordingly, it is yet another object of the present invention 
to produce pure tungsten and dispersion-hardened tungsten 
alloy coatings which do not exhibit the columnar grain struc 
ture typical of tungsten deposits, and instead have a uniform 
?ne-grained microstructure throughout. 
These and other objects will become apparent to those 

skilled in the art upon consideration of the following descrip 
tion of the invention and the detailed description of preferred 
processes and embodiments, in conjunction with the drawings, 
in which: 

FIG. 1 is a schematic diagram of an apparatus for producing 
the tungsten and tungsten alloys of the present invention; 

FIG. 2 is a graph illustrating the effect of deposition tem 
perature upon the rate of deposition of metal; and 

FIGS. 3, 4, 5 and 6 are photomicrographs of etched surfaces 
of dispersion-hardened tungsten coatings produced by al 
ternate processes discussed in examples 1, 2, 3 and 4. 

SUMMARY 

The present invention provides a process for producing sta 
ble dispersion-hardened tungsten containing more than about 
0.5 percent by volume of dispersoid materials, which avoids 
the difficulties encountered in the prior art. In accordance 
with the present invention, the dispersion-hardened alloy is 
formed by simultaneously vapor-depositing the tungsten 
matrix and the dispersoid particles preferably onto a suitably 
shaped, heated mandrel. The reactant gas phases are a mix 
ture of volatile tungsten and dispersoid metal compounds, 
preferably the halides, on one hand, and on the other, a mix— 
ture of hydrogen, which serves as a reducing agent for the 
metal compounds, and a gaseous agent which reacts with the 
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dispersoid metal to form the ultimate dispersoid materials. 
The reactant gas phases are intimately mixed, most ap 
propriately by injection through nozzles producing turbulent 
?ow in the region adjacent the hot mandrel substrate, which is 
maintained at a temperature ofat least 900° C. 
The present invention also provides pure tungsten deposits 

and tungsten alloys having very low dispersoid concentrations, 
i.e., less than about 0.5 percent by volume of dispersoids. 
These materials are produced by vapor deposition of pure 
tungsten or tungsten alloys in the presence of nitrogen, at tem 
peratures between about 700° and 900° C., followed by heat 
treatment of the deposit above 900° C. Pure tungsten or low 
dispersoid concentration alloys so produced exhibit a re 
markably ?ne and uniform grain structure, and are devoid of 
the typical columnar grains referred to above. The presence of 
nitrogen interrupts the columnar grain growth during deposi 
tion by forming tungsten nitride which can be decomposed 
above 900° C. 
More speci?cally, the present invention provides disper 

sion-hardened tungsten and tungsten alloys having a ?ne-di 
vided dispersion phase comprising over 0.5 volume percent, 
and preferably between about 2 and 8 volume percent, of haf 
nium nitride, although from the point of view of formation, 
there is no upper limit to the dispersoid which may in in 
troduced by the present process. Other related alloys which 
can be made by the present process are tungsten base alloys 
wherein the dispersion phase is hafnium oxide, hafnium car 
bide, hafnium boride, and the oxides, carbides, borides and 
nitrides of titanium and zirconium. However, the hafnium 
based dispersoids are by far the best materials since they form 
the most stable compounds with the best refractory proper 
ties. 

For the production of the present coatings, the reactant gas 
phase providing the metallic species consists of volatile metal 
compounds, particularly the halides. The boiling point of the 
chlorides and bromides of tungsten, hafnium, zirconium and 
titanium are below 500° C., they are readily available, and 
easy to handle. However, ultimately any compound, including 
volatile metal organic compounds, could be employed. In 
choosing the compounds for the process, the following criteria 
are used: 

I. The melting point of the compound must be below the 
optimum deposition temperature, or less than about 700° 

2. The anionic part of the compound should be innocuous 
with respect to the remaining bases of the reaction system 
to preclude deleterious side reactions. Further, in the 
deposition of dispersion-hardened alloys, it is generally 
preferred to utilize compounds with the same anionic 
constituents for the metals to be codeposited. 

The volatile metal-bearing vapors are mixed and caused to 
react with a gas phase consisting principally of hydrogen and a 
predetermined quantity of an additive gas which converts the 
hafnium, titanium or zirconium to the specific dispersoid or 
combination of dispersoids desired, i.e., the oxides, carbides, 
borides, and/or nitrides of said metals. Specific additive gases 
for producing oxides are preferably water vapor and, to a 
lesser extent, oxygen. The carbides may be produced by addi 
tion of carbonyls and hydrocarbons, and borides may be 
produced from borohydrates, boron halides, speci?cally BBrs 
and BCl3, and the nitrides by adding ammonia or nitrogen. 

Pure tungsten coatings, and low volume percent dispersion 
alloys are produced by adding nitrogen to the reducing gas. In 
addition, one of the agents productive of oxide, carbide, and 
boride dispersoids may also be added; however, nitrogen, in 
the form of nitrogen gas or ammonia, is essential. These 
materials must be deposited at temperatures below 900° C. to 
effectuate the formation of an unstable compound, which is 
presumed to preclude the growth of crystals and maintain a 
uniform ?ne grain structure. This unstable compound, which 
is tungsten nitride, must be subsequently removed by heating 
the substrate to a temperature above 900° C. 
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4 
The reaction gases are mixed in the vicinity of a substrate, 

which is usually a mandrel of the same shape as the part to be 
made. The substrate material is usually metal, which may be 
machined and polished to obviate ?nishing treatment of at 
least one surface of the tungsten alloy deposit. A wide choice 
of metals can be employed. A preferred substrate material is 
one which is readily workable, can withstand the plating tem 
perature, and which is readily soluble in acid. Nickel, for ex 
ample, satis?es these properties. Another material is molyb 
denum. These mandrels are readily removed by dissolving in 
nitric acid. Quartz may also be employed and removed by 
shocking the composite with liquid nitrogen. Of course, where 
it is desired to produce a coated material where the substrate 
is to be retained, any material, such as steel, can be employed. 
The principal advantages of the present process are that it 

may be carried out at temperatures far below the melting 
point of tungsten, eliminating the problems normally encoun 
tered in treating tungsten with conventional metallurgical 
techniques, such as high temperature handling problems and 
introduction of impurities derived from crucibles into the 
tungsten matrix. The ultimate purity of the present tungsten 
alloys is essentially equivalent to the purity of the reaction 
gases. A further advantage of the present process is that a 
much ?ner dispersion of the hardening phase can be achieved 
than by other methods. This is so because in the vapor phase, 
the metals can be intermixed and comingled much more inti 
mately than by any other means. The vapor deposition of 
these materials apparently occurs at sites which are similarly 
distributed and effectively control the growth of single crystals 
or grains of one species. The uniformity and homogeneity of 
the dispersoid distribution in turn has a pronounced effect 
upon the aging properties of the alloy, since the formation and 
growth of large particles is effectively retarded thereby. 
A typical apparatus for carrying out the covapor deposition 

process is shown in FIG. 1. The apparatus consists basically of 
three components: the mixing and injection system (I), and 
reaction chamber (ll), and the discharge system (Ill). 
The injection system comprises gasline network 11 enclosed 

in furnace 12 for maintaining the gases in network 11 at a 
speci?ed temperature. The principal function of the gasline 
network is to receive, heat and intermix the reaction gases in 
preparation for injection into the reaction chamber II. The re 
agent gases are led into network 11 from respective reservoirs 
or storage bottles. The volatile metal compounds, e.g., tung 
sten and dispersoid metal halides, are stored in pressure ves 
sels l3, and 14, respectively. The pressure vessels are sur 
rounded by individually controllable furnaces 15 and 16, by 
means of which the compounds are volatilized. The gas pres 
sure may also be adjusted by controlling the temperature of 
the pressure vessels. The pressure vessels are connected to the 
mixing network 11 via heat insulator conduits l7 and 18, 
respectively. Each of these conduits is provided with the 
necessary instrumentation. for appropriately metering the ?ow 
of gas into the network, i.e., valves 19 and 20, pressure gauges 
21 and ?owmeters 22. Hydrogen is introduced into network 
11 via conduit 23. The length of the conduit 23 between the 
point where it enters furnace l2 and junction 24 where the 
hydrogen is intermixed with the metal compound vapors 
should be suf?ciently long to heat the hydrogen to a tempera 
ture above the boiling point of the metal vapors. The same ap 
plies to the dispersoid-forming reagent, for example, am~ 
monia, introduced into the system via conduit 26. Although 
the operating parameters, notably temperatures, are chosen to 
preclude reaction of the gases prior to injection, it is generally 
preferred to introduce the most reactive substance last, and 
near the nozzle 27 through which the gases are injected into 
the reaction chamber, in order to minimize premature deposi 
tion of the reaction products. Network 11 is also connected to 
an inert gas source (not shown) to allow ?ushing and clearing 
of the gaslines with argon or helium before and between runs. 

Nozzle 27 introduces the gas mixture into the reaction 
chamber interior 28. Optimum deposition conditions are 
achieved by providing means for producing turbulent flow in 
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the reaction chamber. This may be done by means of flowrates 
and baf?es 30 disposed in the path of the in?owing gases. The 
reaction chamber is generally an electrical furnace capable of 
heating its contents and interior portions to at least l,l00° C. 
The furnace shown in FIG. 1 comprises a series of individually 
controllable clamshell furnaces 29 for establishing a tempera 
ture gradient along the gas passage 31. Such an arrangement 
has certain advantages. For example, it may be used to deter 
mine the optimum deposition conditions experimentally be 
fore commencing production runs. By providing a tempera 
ture gradient, the optimum temperature can be determined by 
comparison of the quality of the deposits produced in the vari 
ous temperature zones on the substrate. ‘ 

The mandrel 32 onto which the metals are deposited is 
disposed inside the chamber proximate nozzle 27. 
The temperature of the mandrel should be uniform, and the 

mandrel surfaces should be uniformly accessible to the reac 
tion gases. In the case of large, irregular workpieces, the man 
drel may be heated internally and/or rotated randomly in the 
cavity to achieve uniform deposition rates over the entire 
mandrel surfaces. In such cases, the gases are preferably in 
jected through a number of injection nozzles spaced uniformly 
throughout the chamber. 
The ?nal portion of the apparatus concerns the removal of 

waste and unreacted gases. From the reaction chamber 28, the 
gases are discharged into the removal system, and are first col 
lectively cooled as by means of air-cooling the conduit. The 
conduit may be provided with ?ns or baffles 33 to aid the 
removal of heat. Unreacted metal vapors or other vaporous 
metal compounds are then removed by means of water-cooled 
trap 34, from whence they may be recovered and processed 
for reuse. The trap generally provides an enclosure having 
metal baf?es 36 disposed across the direction of gas ?ow. 
These baffles are water-cooled either by direct contact with 
water or indirectly by being conductively joined to a surround 
ing water jacket 37. Unreacted ammonia or other dispersoid 
forming gases such as water, carbonyl, etc., may be quantita 
tively removed by leading the gases from the trap 34 through 
liquid nitrogen traps 38 and 39. Waste hydrogen is vented to 
the atmosphere. 

In operation, the volatile metal compounds are placed into 
pressure vessels 13 and 14, and volatilized by raising the tem 
perature of the furnaces above the boiling point of the con~ 
tents. Vaporization of the compounds is generally indicated by 
the pressure increase which may be observed in pressure 
gauges 21. The temperature of both furnaces l5 and 16 is 
preferentially 20°—50° above the boiling point of the highest 
boiling metal compound. As mentioned previously, any metal 
compound having a suitably low boiling point may be em 
ployed. The preferred compounds, however, are the bromides 
and chlorides, i.e., WBr5, WBrB, WCl,, WCIB, ZrBr4, ZrCl4, 
TiBq, TiCl4, HfBr, and l-IfCh. Temperatures of about 450° C. 
in the furnaces l2, l5 and 16 suffice to prepare the mixture of 
reagent gases for injection. Other volatile compounds with 
boiling points below 500° C. are WFG, WOBr4, WOCIQ, WOF4, 
TiF.,, Til4, titanium tetraisobutoxide, and tetraethoxy titanium, 
for example, However, as mentioned previously, it is prefera 
ble to employ metal compounds with the same anionic con 
stituents to preclude side reactions. Accordingly, while the 
above compounds satisfy the low boiling point condition, only 
WF6 and TiF.1 represent such a matched pair of compounds. 
However, no comparably suitable ?uorides of hafnium and 
zirconium are known. 
The desired relative reagent gas concentrations are ob‘ 

tained by adjusting the flowrates with which the gases are ad 
mitted into the apparatus. The primary determinant is, of 
course, the final constitution of the desired alloy. Regardless 
of the desired quantitative makeup of the alloy, the present 
apparatus can be used for covapor depositing any combina 
tion of tungsten and dispersoids. In practice, however, the 
dispersed concentration is generally about 5-8 percent by 
volume. Accordingly, the flowrates of tungsten and dispersoid 
metal compounds are approximately proportional to the rela 
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6 
tive concentration of the metals in the ?nal alloy. The deposi 
tion yield is generally somewhat lower for the dispersion 
metals. Accordingly, for producing dispersion-hardened tung 
sten having about 5-8 percent by volume of dispersoids, the 
dispersion metal vapors in the reaction mixtures comprise 6-9 
percent by volume of the tungsten halide vapors. 
The total pressure of the system, i.e., the sum of the partial 

pressures of the reactants, is not critical to the deposition and 
formation of the disperson-hardened alloys, but has some in 
?uence upon the quality of the alloy deposit. Maximum densi 
ties and best uniformity and particle size distributions are 05-" 
tained at total pressures between 5 and 35 torr. At higher pres 
sures, the deposition rates increase; however, a concomitmt 
increase in grain size and formation of void spaces takes place. 
The temperature in the reaction chamber, or, more precise 

ly, the substrate temperature, is an important deposition 
parameter because the choice of mandrel temperature not 
only affects the deposition rate and quality of the deposit in 
the sense of the ultimate density and porosity, but also the 
grain structure of the alloy or alloy coating. 

FIG. 2 shows the relation between the thickness of the alloy 
coating (representative of the deposition rate) formed at dif 
ferent substrate temperatures. The deposition rate is generally 
highest if the substrate is maintained at a temperature between 
800° and 900° C., with the maximum rate being at about 875° 
C. 

Pure tungsten and dispersion-hardened tungsten having a 
low concentration of dispersoids are deposited at tempera 
tures less than 900° with nitrogen or ammonia added to the gas 
phase. The signi?cance of the 900° C. upper limit upon the 
deposition or mandrel temperature is that above this tempera 
ture the compound W2N is unstable and does not form during 
the plating process. Accordingly, coatings deposited above 
900° C. will exhibit the undesirable columnar grain structure 
referred to above. If deposited below 900° C., preferably 
between 800° and 900° C. where both the deposition rate and 
the formation of a W2N phase are at an optimum, the forma 
tion of long grains is continuously interrupted by the deposi 
tion of was crystals. The resultant overall grain structure is 
therefore ?ne and granular, as shown in the photomicrograph 
in FIG. 3. The presence of a nitride-forming reagent, generally 
in a mole ratio N/p. between 0.25 and 2 in the gaseous reaction 
mixture, is, of course, necessary to effect the formation of the 
nitride W2N. However, nitrogen or ammonia need not be 
present continuously, but can be admitted intermittently dur 
ing the deposition process to break up the grain growth in the 
deposit from time to time. 

After the deposition has been completed, the WZN crystals 
are removed simply by heating the deposit to above 900° C. to 
decompose the tungsten nitride. The crystal structure of the 
deposit, however, remains ?ne and granular as before. 

In tungsten alloys having a higher concentration of disper 
soids, e.g., 0.5 percent by volume and higher, the dispersoids 
themselves break up the columnar structure of the tungsten 
crystals. Accordingly, these dispersoid alloys are deposited at 
temperatures exceeding 900° C., up to temperatures of about 
1,200’ C., to prevent the formation of the unstable W2N com 
pound, whereby subsequent heat treatment becomes unneces 
sary. Dispersion-hardened tungsten alloys wherein the disper 
sion phase is a carbide, oxide or boride may be deposited at 
temperatures between about 700° and 1,200" C. 
The grain size of the dispersoids is generally below 1 micron 

and down to about 300 angstroms. The grain size is variable 
within these limits by adjusting the temperature and relative 
concentration of the dispersoids. Higher temperatures effect 
an increase in the grain size. Since it is preferable to deposit 
the minimum grain size possible, the temperatures are held to 
a minimum consistent with the remaining parameters such as 
deposition rate, i.e., at the lower end of the temperature 
ranges indicated above. The concentration of the dispersoid 
forming metal halide has a more pronounced effect upon the 
grain size. It has been found that the higher the dispersoid 
metal halide concentration is, the larger the grain size will be. 
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On the other hand, the concentration of the dispersoid-form 
ing agent, i.e., nitrogen, ammonia, water, etc., has been found 
to have no effect upon the particle size. Accordingly, the par 
ticle size of the dispersoid is held to a minimum by using an 

8 
metal halide component, said dispersoid metal halide being 
selected from the group consisting of the chlorides and bro 
mides of hafnium, zirconium and titanium and comprising up 
to slightly more than 0.5 percent by volume of said tungsten 

amount of dispersoid metal halide vapor which will just give 5 halide in said reaction mixture. 
the desired concentration of dispersoid in the ?nished materi- 3. The process of claim 2, further de?ned in that said gase 
al. To effect the complete deposition of the dispersoid, an ex- ous reaction mixture also includes an excess of a dispersoid 
Coils of dispersoid-forming agent is used to drive the reaction forming agent selected from the group consisting of water. 0x 
to completion. ygen, hydrocarbons, carbonyls, borontrichloride, borontribro 

10 mide and boron hydride. 
EXAMPLES 4. in a process for producing dense and ?ne-grained 

deposits of dispersion-hardened tungsten alloys comprising 
Vupttr deposition parameters for producing speci?c more than about 0.5 percent by volume of dispersoids, the 

coatings of tungsten and dispersion-hardened tungsten with a steps comprising: 
variety of dispersoids are given in the accompanying table. 15 forming a gaseous mixture of volatilized tungsten halide and 
The parameters given are the mole ratios of the reactant spe- of dispersoid metal halides selected from the group con 
cies injected into the reaction chamber, injection and mandrel sisting of hafnium chloride, hafnium bromide, zirconium 
temperatures and chamber pressures. The nature and grain chloride, zirconium bromide, titanium chloride and 
structure of the deposits obtained in runs 14 are further illus- titanium bromide, sufficient hydrogen to reduce said ha 
trated in the photomierographs of etched surfaces shown in 20 lides, and an excess of a dispersoid-forming agent 
FIGS. 3 to 6, respectively. selected from the group consisting of oxygen, water, 

EXAMPLES 

'I‘em . of Pressure Temp. of 
Mole ratio of gases injec ion, in eliamb., substrate, 

Example injected ° C. torr ° C. Remarks 

1. W-HfN ____________ ._ Hi/WC15=7.3 340 35 800 0.1 w/o HfN-W, etched surface as shown in Fig. 3, magni? 
N1 ,=0.4 cation 150x. 
W/Hf=1,030 
I{1/HlCl|=77.0 
N1/Hf=2.7 

2. W-HfN ____________ __ Hz/wC1s=23.1 400 33 950 1.1w/0 HfN-W, etched surface shown in Fig. 4, magni?ca 
N; = . tion 100X. 
W/Hf=2.3 
Hz/Ht‘C14=62.2 
N1/Hf=0.l 

3, W __________________ __ I{,WCl=10.5 385 26 850 WiN—W, etched surface shown in Fig. 6 before heat treat 
N¢/W=0.5 above 900° C. to decompose the WgN, magni?cation 

4. W-IHO _____________ . _ HilWCls=23l2 375 28 920 17.3 W/o Hl'Oz-W, etched surface as shown in Fig. 6, magni 
07 =0.6 fication 260K. 
W/Hf=1.6 
HglHfClt=37.l 
Og[Hf=0.8 

5. W-ZrB _____________ .. H1IWCls=Q3 400 30 950 About 2 w/o ZrB—W, using BCl; to introduce B into chant 
B/W =0.05 ber. 
W/Zr=3 
H:/ZrCl4=40 
B Hf=0.‘2 

G, \V-TiC _____________ __ II¢/WCls=23 400 30 950 About 2 W/O TlC-W using CzCli to introduce G into cham 
C/W =0.05 ber. 
W/Ti=3 
Hg/TiCl4=40 
C/Ti=0.2 

Whereasthe invention has been’déQiibEd'withireferencevto ' M nitrogen, ammonia, hydrocarbons, carbonyls, boron ha 
the speci?c examples, it is to be understood that the scope of 50 lides and boron hydride, at a temperature above the 
the invention should not be limited thereby, except as de?ned highest boiling point of said halides ‘in said mixture and 
in the appended claims. below about 500° C., said dispsersoid metal halides hav 
We claim: ing a volume percent of said tungsten halide slightly 
1. in a process for producing dense and ?ne-grained 55 greater than the desired volume percent of dispersoids in 

deposits comprising at least about 99.5 percent by volume of said dispersion-hardened alloy; and 
tungsten,the steps comprising: passing said gaseous mixture over a substrate heated to a 

heating a substrate to a temperature between about 700° temperature between about 700° and l,200° C., thereby 
and 900° C.; causing said gaseous mixture to react and deposit upon 

passing over said substrate a gaseous mixture comprising a 60 said substrate a tungsten matrix having a dispersoid 
volatilized tungsten halide and hydrogen, having admixed uniformly distributed therethrough. 
thereto a nitrogenous gas component selected from the 5. The process of claim 4, further de?ned in that said tung 
group consisting of nitrogen and ammonia, with said sten halide and hafnium halide are tungsten pentachloride and 
nitogenous gas component having a mole ratio between hafnium tetrachloride, respectively, and in that said disper 
about 0-25 and 2-0 1" Said gaseous mixture’ Said gaseous said-forming agent is selected from the group consisting of 
mixture being at a temperature between the boiling point 65 nitrogen and ammonia. 
of Said tungsten halide and abQut 500° C‘, thaw-by 6. The process of claim 4, further de?ned in that said tung 
Pmducmg a Vapor deposit compnsmg an Intimate mlx- sten halide and hafnium halide are tungsten hexachloride and 
“"6 of tungsten and tungsten nitride 0" Said Substrate; hafnium tetrachloride, respectively, and in that said disper 
alld _ sold-forming agent is selected from the group consisting of 

heating said deposit to a temperature between about 900° 70 nitrogen and ammonia. 
and 1,200° C. whereby said tungsten nitride is dcgwm- 7. The process of claim 4, further de?ned in that said tung 
Posed, leavmg a ?ne-grained deposit of tungsten sten halide and hafnium halide are tungsten pentabromide and 

2. The process of claim 1, further de?ned in that said gase- hafnium tetrabromide, respectively, and in that said disper 
ous reaction mixture includes up to about 6 percent by volume 75 SOid-fOrming agent is selected from the group consisting of 
of said tungsten halide, together with a volatilized, dispersoid nitrogen and ammonia. 


