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SUMMARY 

High- strength, nickel- base eutec tic alloys have potential for high- temperature gas 

turbine applications. To protect turbine parts from oxidation, coatings of the nickel- 

chromium- aluminum (NiCrAl) type have shown great promise. However, diffusion of 
metal atoms between the coating and the substrate causes coating deterioration and sub- 
sequent loss of protection for the substrate. In this experimental study, a potential 
barrier material was inserted between a NiCrAl layer and the eutectic alloy substrate. 

The intent was to determine the feasibility of minimizing the diffusion between the two 
layers and thereby prolonging the NiCrAl coating protection of the eutectic alloy in high- 

temperature environments. The material selected to demonstrate the feasibility of a 

diffusion barrier concept was tungsten (3. The eutectic alloy was the gamma/gamma 
prime - delta (y/yl - 6)  type, which forms NigNb (1. e., 6 )  platelets in a gamma/gamma 
prime (y/y l )  matrix. 

Test specimens were hobpressed diffusion couples consisting of e u t e c t i c / ~ i ~ r A l /  
tungstedeutectic. This test arrangement permitted the direct comparison of the diffu- 

sion at the NiCrAl-eutectic interface to the diffusion that occurs at the NiCrAl-tungsten- 
eutectic interfaces. Tests were run in vacuum for 250 and 500 hours at 1100~ C, Base- 

line conditions of element distribution were established by metallographic and electron- 

beam microprobe X-ray analysis of the as-bonded test specimen. ~ o m a e t e d  test spec- 

imens were examined, comparisons were made, and conclusions were drawn from the 
post-test analyses. 

These analyses showed that, without a barrier, diffusion of niobium (Nb) out of the 

6 phase of the y/yr - 6 substrate destroyed the 6 phase and that a mixture of y/yv and 

NiCrAl elements was left in its place. Chromium from the NiCrAl diffused deeply into 
the y/yl of the eutectic alloy. The W layer, on the other hand, completely stopped the 

diffusion of Nb out of the 6 phase into the NiCrAl layer. The diffusion of Cr into the 

eutectic was greatly reduced by the W, but diffusion of W into the NiCrAl and eutectic 

and void formation were noted. 
The 6 phase appeared to be impervious to inward diffusion of W, Cr, and Al. Dif- 

fusion into the eutectic alloy was reduced by 30 to 80 percent in depth (depending on the 

elements examined) when the 6 was oriented parallel to the NiCrAl rather than perpen- 

dicular. These experiments clearly demonstrated that coating-substrate interdiffusion 

can be significantly inhibited by the use of barrier techniques. 



INTRODU CTION 

The fuel efficiency of gas turbine engines is significantly improved as the turbine 

operating temperatures are increased. Higher turbine efficiencies can be achieved by 

either improved engine design and/or better materials. Design improvements, how- 
ever, a re  frequently limited by the high-temperature strength properties and the 

oxidatiodhot- corrosion resistance of the materials. 

Recently, increased interest has been shown in high-strength, nickel-base, direc- 
tional eutectic alloys for potential use for high- temperature gas- turbine components 
(refs. 1 and 2 ) .  Coatings are  necessary for the protection of this class of alloys from 
severe oxidizing environments (ref* 3).  Coatings and claddings of the NiCrAl type have 
shown great promise for oxidation protectionof both eutectic andother high-temperature 

nickel-base superalloys (refs. 3 and 4). These coatings, however, while initially af- 

fording excellent protection against oxidation, interdiffuse with the substrates at eleva- 
ted temperatures. Prolonged diffusion of metal atoms between the coating and the sub- 

strate causes coating compositional changes and subsequent loss of protection for the 
substrate. 

Some recent investigations have been partially successful in reducing diffusion by 

means of some type of '*diffusion barrierrP (refs. 5 to 8). Investigators have used oxide 

barr iers  on refractory fibers (refs. 5 and 6) and on iron (ref. 7) and metallic barr iers  

on dispersion-strengthened alloys (refs. 8 and 9). The authors of this paper believe 

that the inclusion of a barrier between the NiCrAl coating and the eutectic alloy sub- 
strate may delay o r  minimize interdiffusion and thereby prolong coating protection in 
high- temperature environments. 

The material selected to demonstrate the feasibility of a diffusion barr ier  was tung- 

sten. This selection was based on a preliminary survey by the authors. Tungsten, 

platinum, silicon- aluminum, and platinum- aluminum were used as trial barrier mater- 
ials on a gamma/gamma prime - delta (y/yf - 6) eutectic alloy. Void formation and dif- 

fusion were observed with all of these systems, but W layers showed the least dele- 

terious effects. In practice, unalloyed W would be impractical because of its high sus- 
ceptibility to oxidation. However, because these basic diffusion studies were done in 

vacuum, the use of unalloyed W foil was satisfactory. 
The objectives of this work were to determine the feasibility of the diffusion barrier 

concept for coated eutectics, to characterize the specific behavior of a W layer between 
NiCrAl and y/y - 6 alloys by using advanced metallographic techniques, and to study 

the effects of diffusion in directions parallel and perpendicular to the eutectic alloy 

growth direction. 
To more closely relate this work with possible engine hardware, the 6 platelet 

orientations a r e  discussed in terms of the direction of the blade coating and barrier 



layers as  applied to a turbine compnent, rather than in terms of the diffusion direc- 

tion, The orientation of the 6 platelets is the same a s  the growth direction, which is 
the longitudinal axis of the eutectic alloy bar  from which specimens were cut. 

Diffusion specimens of eutectic/~i~rAl/W/eutectic were prepared by a hot-press 

technique and aged in vacuum for  as long as 500 hours at 1 1 0 0 ~  C, This arrmgement 

permitted the direct comparison of diffusion at the ~ i c rA l / subs t r a t e  interface and at 

the ~icrAl /W/subst ra te  interfaces, Base-line conditions of element distribution were 

established by metallographic and electron-beam X-ray microprobe analysis (EMXA) of 

the as-bonded specimens. The results of this study a r e  presented, and conclusions a r e  

drawn from comparisons with the aged specimens, 

EXPERIMENTAL PROCEDURES 

Materials 

The nominal compositions of the y / y t  - 6 eutectic alloys used were (1) Ni - 19,7 

w% Nb- 6.0 wt% C r -  2 .5  w% A1 and (2) N i -  21.75 w% Nb- 2.55 w% A1 (ref. 10). 

The second alloy composition was chosen because it contained no Cr, Thus, Cr could 

be easily detected if i t  diffused into the substrate eutectic from the coating. The eutec- 

tic alloys were 8 cm long by 1 .3  cm in diameter and were obtained from a commercial 

source. The eutectic alloys were grown in a directional-solidification furnace having a 

temperature gradient of approximately 300 deg ~ / c m  (ref. 10). 

The NiCrAl material had a chemical analysis in weight percent of 19.54 Cr, 

3.51 Al, 1.22 Si, 0.7 Fe, 0.4 Mn, 0.03 Co, and 0.076 C and the balance nickel (ref. 4). 
This alloy with an aluminizing treatment has been shown to provide superior protection 

to superalloys tested in high- gas- velocity burner r igs at 1090° C (ref. 11) . The mater- 

ial was obtained in the form of 0-66-mm-thick plate. 

The W was high purity (99.9 percent) and was obtained as nominally 0.025- mm- 

thick sheet. 

Specimen Preparation 

Figure 1 shows a schematic drawing of the diffusion test specimen used in this study 

and details of the fabrication procedure for preparing test specimens that had the NiCrAl 

layer perpendicular to the 6 platelets. The eutectic alloy ba r s  were f i rs t  sandblasted to 

remove external oxide scale; then they were cut into 3.2-mm-thick slices. Disks, 

1.3-cm diameter in size, were punched from the NiCrAl plate and the W sheet. Sur- 



faces were ground parallel to a 32-rms finish, Zyglo inspected, vapor degreased, ultra- 

sonically cleaned, and then placed in the configuration shown in figure 1. 

For test specimens with the NiCrAl layer parallel to the 6 platelets (more typical 

for engine hardware), the eutectic alloy bars  were cut in the longitudinal direction, and 

then into 1.3- cm by 1.3- cm by 0.32- cm slabs. Also 1.3- cm by 1.3- cm slabs were cut 

from the NiCrAl plate and the W sheet. 
7 The layers were then hot-press bonded at 1100~ C with a pressure of 6 . 9 ~ 1 0  Pa 

(10 ksi) in a vacuum (total pressure of <2.7x1.0-~ Pa (<2x10-~ torr)) for 1 hour. One 

specimen of each group was cut vertically for metallographic examination ef the a s  

bonded condition and to determine the effectiveness of the bonding process. 

Aging Heat Treatments 

Specimens were aged for 250 and 500 hours at 1100~ C. All specimens containing 

6-wtO/o Cr in the eutectic alloy were aged in a vertical W-wirewound tube furnace with a 

vacuum of 6.7x10-' Pa (5x10-~ torr). A temperature controller maintained the temper- 

ature in the 7.6-cm isothermal hot zone at rt3O C. Test temperatures were measured 

by a ~ t / ~ t - l 3 ~ h  thermocouple placed close to the test  specimen,^ and were recorded on 

a s t r i p  chart recorder. 

The diffusion specimens with no Cr in the eutectic were encapsulated in quartz 

under vacuum to avoid any possible Cr pickup from the furnace. The capsules were 
0 

aged at 1100 C in a horizontal tube furnace, as described in reference 12. 

Metallography 

After aging treatments, specimens were sectioned and submitted to metallographic 

examination and EMXA. 

The specimens containing 6-~tO/o Cr in the eutectic were polished and etched by 

normal procedures, a s  specified in reference 13. The final polish was with a 0.5-pm 

alumina powder on microcloth. Specimens were etched by immersing them for 5 sec- 

onds in a solution of 30 milliliters of nitric acid, 30 milliliters of water, 30 milliliters 

of acetic acid, and 1 milliliter of hydrofluoric acid. 

The specimens containing no Cr in the eutectic were etched with an ion milling a p  

paratus using an argon beam in vacuum, an operating voltage of 7 kV, an ion current of 

100 pA, and a gun current of 2 mA. Ionic etching was necessary because chemical r e  
actions between layers introduced artifacts when attempts were made to chemically etch 

these specimens. 



After standard metallographic examination, the specimens were ultrasonically 

cleaned and submitted to EMXA analysis, Electrical-conductive tape was placed from 

the corner of each specimen to the specimen holder. An operating potential of 15  kV 
and specimen currents of 50 o r  100 pA were used, depending on the current used for  the 

pure comparative standards. Further detailed discussions of the EMXA process a re  
given in references 1 4  to 16. 

EMXA traces were made for the elements Ni, Cr, Al, Nb, and W. The traces 

were made across the eutectic/Ni~rAl interfaces and across the e u t e c t i c / w / N i ~ r ~ l  in- 
terfaces of all specimens for comparison of ba r r i e r  and no-barrier conditions. 

Table I summarizes the test conditions and EMXA analyses. It l is ts  the EMXA fig- 
ures by number and gives the phases traversed. Twenty-four analyses were made with 
four o r  five elements each. The EMXA results were computer corrected by the com- 
prehensive COR-2 program (ref. 17) developed by the National Bureau of Standards. 

This program corrected the raw-intensity EMXA data for background, fluorescence, 
absorption, backscatter, counter deadtime, and ionization penetration, using an itera- 

tive process to develop the final results. Minor elements (<I. 5 W ~ O )  were not analyzed 
but could amount to a maximum of about 2 wt%oo. An internal check was made on each 

analysis by summarizing the total weight percent as  analyzed. The results were usually 
well within h2-wt% total of accounting for 100 wt% of the elements present. Final re- 
sults were normalized to 100 percent for  both weight percent and atomic percent of the 

analyzed elements, and the results were replotted with element weight percent com- 

pared with distance from the interfaces. Analytical procedures were the same for as- 
bonded and aged specimens. The aged specimens and the as-bonded specimens were 

compared, and the effectiveness of the W bar r ie r  was determined. 

RESULTS AND DISCUSSION 

A great number of parameters have been investigated in this experiment, and much 

information has been obtained by comprehensive study of the photomicrographs and 
EMXA results. The following specific topics were selected for detailed analysis: 
(1) the extent of diffusion between the eutectic alloy and the NiCrAI layer without a bar- 

r i e r  layer; (2) the extent of diffusion between the eutectic alloy and the NiCrAl with the 

W layer, including the interaction of the W with the eutectic and the NiCrAl; and (3) the 
effect of 6 platelet orientation, relative to the NiCrAl and W layers, on the amount of 

interdiffusion. 
Table I1 presents the diffusion results observed from the EMXA data on the speci- 

men containing 6-wflo Cr  in the eutectic alloy for  both perpendicular (table II(a)) and 

parallel (table II(b)) 6 platelet orientations. Table I11 presents the diffusion results 



observed on the specimens with no Cr content in the eutectic alloy. Each table lists the 
as-bonded, 250-hour-aged, and 500-hour-aged data. The phases traversed can be de- 
termined by comparing the EMXA figure numbers from table I1 with the corresponding 

numbers in table I. The &wt% Cr, perpendicularly oriented specimens (table II(a)) are 

shown in figure 2, These specimens had 6 platelet and y/y9 phases large enough to al- 
low EMXA traces from the NiCrAl into each of the eutectic phases. For the other spec- 

imens, tables I.@) and 111, a general analysis was run and the phases were identified by 

reading the intensity ratios of peaks and valleys. The phases of the specimens contain- 

ing no Cr were too small to be clearly separated by the EMXA analysis. 
Photomicrographs of the nine specimen conditions listed in table I a re  shown in fig- 

ures 2 to 4, and the EMXA data are  reproduced in figures 5 to 7. The ghotomicro- 

graphs and EMXA figures are  grouped into three major categories: (1) 6. 0-wa Cr in 

y/yf - 6,  with perpendicular orientation of the platelets to the NiCrAl layer (corre- 
sponding to table II(a)); (2) 6.0-wt% Cr in y / y l  - 6,  with parallel orientation of the 

platelets to the NiCrAl layer (corresponding to table II@)); and (3) no Cr content in 

y/yl - 6 , with perpendicular orientation of the platelets to the NiCr A1 layer (table III) . 

Diffusion Between the y/yf - 6 Eutectic Alloy and the,NiCrAl Layer 

@onclusions are  drawn from this research by comparing and analyzing the corre- 
sponding photomicrographs and EMXA data for a given interface at aging times of 0, 

250, and 500 hours at 1100~ C. For the 6 / ~ i ~ r A l  interface, photomicrographs in fig- 

ures 2 (a), (b), and (c) are  compared with the EMXA data presented in figures 5(a), (e) , 
and (i), respectively, The 6 platelets were observed to recede to a depth of 30 pm after 
aging 250 hours at 1100~ C and to a depth of 60 ,urn after aging 500 hours at 1 1 0 0 ~  C. 
The Nb diffused from the surfaces of the 6 phase platelets. It diffused to a depth of 

170 pm into the NiCrAl at 250 hours of aging at 1100~ C and to an estimated depth of 

250 pm after 500 hours. The portion of the 6 phase where Nb had diffused out a p  

proached the chemistry of the y/ y f  phases, that is, a combined Nig(Nb, Al, Cr) with 
varying amounts of Nb, Al, and Cr. The sharp interface when the EMXA trace entered 

the 6 phase revealed that the diffusion was clearly surface diffusion from th6 6 platelets 

(figs. 5(e) and (i)). No elements were observed to diffuse into the 6 platelets. The 

small gradients indicated in the as-bonded specimens were due to the bonding process 
and were accentuated by delays in pen recording response and by the relatively large 

EMXA beam diameter (-1 mrn) as it crossed interfaces. 

Similarly, in EMXA figures 6 (a), (c) , and (e) , 6 recession was also observed to a 
depth of about 50 pm after 500 hours of aging at 1100~ C, even though this specimen had 

eutectic platelets parallel to the NiCrAl layer. Niobium diffused approximately 290 pm 



into the NiCrAl layer. In the specimens containing no Cr (tableIIQ, 6 platelet recession 

was observed to approximately 110 pm and Nb diffusion was observed to approximately 

210 ,urn into the NiCrAl layer (ENIXA figs, 7 (a), (c), and (e)) * In this specimen, as 
mentioned earlier, the 6 phase and the spacings were very small because of the finer 
structure of the alloy. Separation and accurate analysis of the phases were quite diffi- 

cult and subjective. 
Chromium diffused from the NiCrAl deeply into the y/yv phase of the eutectic alloy 

(table II(a) and EMXA figs. 5(b), (f), and 6)). Chromium decreased in the NiCrAl layer 
to a depth of 230 pm and also diffused into the eutectic alloy to a depth of about 230 pm 
after aging for 500 hours at 1100° C .  Similarly, as  shown in table 111, Cr diffused to 

about 260 pm into the y/yr (EMXA fig. 7(e)). Chromium did not diffuse as deeply into 

the eutectic when the 6 platelets were oriented parallel to the NiCrAl (table II(b) and 
EMXA fig. 6(e)). This is discussed in more detail in the section on orientation effects. 

In summary, the preceding test results show that in all cases without a barrier to 

diffusion between the NiCrAl and the eutectic, Nb left the 6 platelets by surface diffu- 

sion and diffused deeply into the NiCrAl. Delta platelets were destroyed at the surface 

and receded, leaving a phase mixture of Ni3(Nb, Al, Cr) with varying amounts of Nb, Al, 

and Cr. The composition is close to that of the y/y9 phase. No elements were ob- 
served to penetrate the remaining6 platelets of the eutectic alloy. Chromium diffused 

out of the NiCrAl deeply into the y/yf phase of the eutectic alloy, 

Effect of Tungsten Barrier on Diffusion 

When the 0.025-mm-thick layer of W was inserted between the NiCrAl and the 

eutectic alloy, entirely different diffusion results were obtained, This discussion first 

focuses on the changes in diffusion brought about by the addition of the W barrier layer 

and then describes some of the changes in the W barrier layer itself, 

From table II(a), the first  noticeable effect of the W was that it effectively stopped 

the 6 phase recession. Compare figure 5 0 ,  with barrier, to figure 5(i), no barrier. 
No Nb was observed to have diffused through the W into the NiCrAl after 500 hours of 

aging at 1100~ C. Similar results were noted for the parallel orientation (table II@) and 

fig. 6 0 ) .  Specimens with no Cr (table III and fig. 7 (f)) contained a new phase next to 
the W barrier on the eutectic side. However, still no Nb was observed to have diffused 
through the barrier into the NiCrAl after 500 hours of aging. 

The W barrier also stopped diffusion of Cr from the NiCrAl into the eutectic alloy. 
The effect of the Cr diffusion was masked for the 6-w%-Cr eutectic specimens and the 

analyses for this element (tables II(a) and (b) and EMXA figs. 5(d), (h) , and ( I )  and 6(b), 
(d), and (f)) were inconclusive. When the eutectic containing no Cr was tested (table 111), 



the following results were noted when comparing Cr diffusion with and without the bar- 

rier. From EMXA figures 7 (d) and (0 and table 111, very slight traces of Cr were ob- 

served in the y / y f  after 250 hours and 500 hours, respectively; but these values were 

very much less  than those reported with no barrier - 5 pm as compared with 190 pm at 
" 250 hours, and 70 pm as compared with about 260 pm at 500 hours. The total amounts 

diffused were much less  also (compare EMXA figs. 7 (d) and (f) with figs. 7 (c) and (e), 

respectively). Also apparent drops in the Cr content of the NiCrAl layers were ob- 
served after aging for 250 and 500 hours with the barrier. The apparent drop in Cr 

when very little Cr crossed the barrier was probably due to the reduced relative amount 
of Cr present because extra W had diffused into the same region. Chromium i s  not be- 

lieved to be depleting to any significant extent here. 
Although very little Cr diffused through the W barrier, the small traces that a p  

parently went into the eutectic are probably the result of the eventual deterioration and 

limited life of the W barrier. In all aged specimens, the thickness of the W barrier de- 

creased significantly - roughly directly with time. Table II(a) shows that the thickness 

decreased from an initially measured 30 pm as bonded to 25 pm after 250 hours and to 
15 pm after 500 hours of aging. Table II(b) shows thicknesses of 30, 25, and 20 prn at 

0, 250, and 500 hours, respectively; and table 111 shows the same as table II(b). (In all 
these tables, distances are  rounded to the nearest 5 pm. More exact estimates may be 
made, if desired, by looking at figs. 5 to 7 directly.) 

Tungsten has also diffused into the NiCrAl and into the y / yv  of the eutectic alloy. 

Table II(a) and figure 5(1) show a W diffusion depth of 60 pm into the y / y f  and approxi- 
mately 140 pm into the NiCrAl layer after 500 hours of aging at 1100~ C. From table 

II(b) and figure 6 0 ,  W has diffused 40 pm into the y / y t  and about 130 pm into the 

NiCrAl layer. From table III and figure 7 (0, W has diffused 7 5 pm into the eutectic and 

about 105 pm into the NiCrAl. Examination of EMXA figure 7 (0 revealed W to be high 

in all the areas adjacent to the W barrier. The phases of the eutectic alloy near the W 

appear to have been merged o r  converted into a different phase, Nig(Nb, W), containing 
diffusion gradients of W and Nb in which W replaces Nb. In all cases, diffusion was 
farther into the NiCrAl than into the more complex structured eutectic, probably be- 

cause the W could only diffuse through the y / y l  phase of the eutectic. 
In summary, these test results show that in all cases the W diffusion barrier be- 

tween the NiCrAl and the eutectic completely stopped the diffusion of Nb from the 6 

platelets into the NiCrAl. The 6 platelets retained their identity almost to the W bar- 
rier, whether they were oriented perpendicular o r  parallel to the barrier and the 

NiCrAl. The specimen containing no Cr formed an N b  and W-rich phase adjacent to 

the W barriers. The W barrier also greatly reduced the diffusion of Cr from the 
NiCrAl into the eutectic; only very small traces of Cr were observed in the eutectic 

alloy after aging. The lifetime of the W barrier appears to be limited and may be re- 



lated to its thickness. Tungsten diffused deeply into the Nf CrAl and also into the y/yl 

phase of the alloy. Tungsten diffusion was not as deep in the eutectic as in the NiCrAl. 
This is believed to be due, in part, to the more tortuous path followed as W diffused 

into the y/yf phase. 

Silicon was present in the NiCrAl layer at 1.2 wt% in the as-bonded specimen. The 
silicon was segregated primarily into inclusions in the NiCrAl that tended to increase in 

size as aging progressed. No significant buildups were noted at any interfaces after 
aging; and if there were interdiffusion of this element between layers, i t  was not de- 

tected because most readings were so low as to be indistinguishable from the back- 

ground. 
Also, as  mentioned earlier, a significant number of voids were observed near the 

W layer, mostly in the NiCrAl, but some in the eutectic as well. Almost no voids were 
observed at the y/y9 - 6 - NiCrAl interface in the absence of a W layer. Additional 
basic work is needed with more elemental materials to observe, identify the cause of, 

and eliminate this void formation before the diffusion barrier concept can be considered 

to be feasible for engine application. 

Effect of 6 Platelet Orientation on Diffusion 

Table II(a) presents the results of perpendicular platelet-to-coating orientation and 

table II@) presents results of parallel platelet-to-coating orientation. For specimens 
with no W barrier,  after 500 hours of aging at 1100~ C the 6 recession was nearly the 

same for the perpendicular orientation (table II(a) and fig, 5(i)) as for the parallel ori- 
entation (table II(b) and fig. 6(e)). However, the diffusion of Cr from the NiCrAl into 

the y/yt phase was approximately 230 ym for the perpendicular orientation (table II(a) 

and fig. 5(j)) and only 50 pm for the parallel orientation (table II@) and fig. 6(e)). 

Niobium in these same studies had diffused from the y/yl to a depth of about 160 pm in 

the perpendicular orientation and only about 50 pm in the parallel orientation (EMXA 

figs. 5(j) and 6(e)). Niobium appeared to diffuse deeper into the NiCrAl - about 290 pm 
for the parallel orientation and about 250 pm for the perpendicular orientation. This 

was probably due to a higher concentration of Nb at the parallel interface. For speci- 
mens with W barriers,  W diffused into the y/yf to a depth of 60 pm when the platelets 

were perpendicular to the NiCrAl layer and only 40 pm when they were parallel (i. e. , 
-30 percent l ess  in the parallel direction). All studies supported the conclusion that the 

parallel orientation of the 6 platelets relative to the NiCrAl layer significantly reduced 
the diffusion of W and Cr into the eutectic alloy as compared with the perpendicular ori- 

entation. Fortunately, this parallel orientation is that which would normally be expec- 

ted for hardware in gas turbine engines. 



SUMMARY OF RESULTS 

In an effort to determine the feasibility of the diffusion barrier concept, a thin layer 

of tungsten (W) was placed between a nickel-chromium-aluminum (NiCrAl) layer repre- 

senting current overlay coatings and a gammdgamma prime - delta (y/yt - 6) eutectic 

alloy of the type being considered for turbine blade use. Diffusion couples of eutectic/ 

~ i~ rAl /W/eu tec t i c  were subjected to aging for as long as 500 hours at 1100~ C in 

vacuum. The following results were obtained: 

1. With no W barrier,  niobium (Nb) left the surfaces of the NigNb (6) platelets of 

the eutectic alloy and diffused into the NiCrAl. The 6 platelets thus were destroyed 

where the Nb had left, and the local composition approached the chemistry of the y/yl 

phase of the eutectic. 

2. Also with no barrier,  Cr diffused from the NiCrAl deeply into the y/yf phase of 

the eutectic alloy. However, there was no diffusion of Cr into the Ni3Nb platelets. 

3. The W barrier completely stopped the diffusion of Nb from the 6 platelets into 

the NiCrAl. 

4. Tungsten greatly reduced the diffusion of Cr from the NiCrAl into the eutectic 

alloy. Only small traces of Cr diffused through the W after aging. 

5. The lifetime of the W barr ier  appears limited because the thickness decreased 

with time, Tungsten diffused into the NiCrAl and also into the y/yV phase of the eutectic 

alloy to form a different phase containing diffusion gradients of W and Nb. Also large 

voids formed in the NiCrAl layer and some formed in the eutectic near the W. 

6. After 500 hours of aging at 1100~ C, diffusion of elements between the eutectic 

and the NiCrAl was decreased from 30 percent CW) to 80 percent (Cr), depending on the 

elements studied, when the NiCrAl layer was parallel to the 6 platelets as  opposed to 

being perpendicular to them. 

Lewis Research Center, 

National Aeronautics and Space Administration, 

Cleveland, Ohio, August 31, 1977, 
505-01. 
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TABLE I. - SUMMARY OF TEST CONDITIONS AND 

EMXA ANALYSES 

(a) bwt% Cr in y/yr - 6 specimens 

(b) No Cr in y/yt  - 6 specimens; 6 platelets 
perpendicular to NiCrAl and W layers 



TABLE 11. - APPROXIMATE DEPTHS~ OF SELECTED ELEMENT DIFFUSION BETWEEN LAYERS OF 

NiCrAl, W, AND y/yl - 6 CONTAINING 6-wt% Cr (FROM EMXA DATA) 

(a) 6 Platelets perpendicular to NiCrAl and W layers 

(b) 6 Platelets parallel to NiCrAl and W layers 

a~ is tances  are  measured in micrometers to the nearest 5 pm from the (y/yf - ~) /N ic rAl  interface, the 
(y/yr - 6)/W interface, o r  the W/NicrAl interface, whichever i s  applic&le. Nickel and aluminum 
are  not reported here because similar levels of these elements on both sides of the interfaces and 
variations within two- o r  three-phase regions make determination of the extent of diffusion nearly 
impossible or,  at least, very subjective. 

b~arentheses denote extrapolated and/or estimated values. 
C Not applicable. 



TABLE III. - APPROXIMATE DEPTHS~ OF SELECTED ELEMENT DIFFUSION BETWEEN LAYERS OF 

NiCrAl, W, AND y/yl - 6 CONTAINING NO CR (FROM EMXA DATA) 

Platelets perpendicular to NiCrAl and W layers.] 

a~ is tances  are measured in micrometers to the nearest 5 pm from the (y/yl - g)/Ni~rAl interface, the 
(y/yc - 6)/W interface, o r  the W / ~ i c r A l  interface, whichever i s  applicable. Nickel and aluminum are 
not reported here because similar levels of these elements on both sides of the interfaces and varia- 
tions within two- to three-phase regions make determination of the extent of diffusion'very subjective. 

b~arentheses denote extrapolated and/or estimated values. 
C Not applicable. 
d ~ h e  apparent drop in Cr when very little Cr diffuses across the W barrier is probably due to the re- 

duced relative amount of Cr from the extra W that has diffused into the same area. Cr i s  not be- 

lieved to de depleting in this region. 
eThis value represents the thickness of a new phase, next to the W barrier,  which has nearly constant 

Ni and Al, with diffusion gradients of Nb and W. 
f~ trace detected, usually much less than 0 . 5  w%. 



Time, 1 h r  
Vacuu m. 2. 7 x N 3  Pa (a10-~ torr)  
Temperature, 1100~ C 

I Pressure, 6 .9~10 '  Pa I 

Figure 1. - Diffusion test specimen of (ylyr - 6)1NiCrAIIWl(ylyr - 6). 



NiCrAl 

(a-1) Overview showing a l l  interfaces. X100. 

(a-2) (y/y'- 6)/NiCrAl interface. X250. (a-3) NiCrAI/W/(y/y'- 6) interfaces. X250. 

(a) As hot-press bonded. 

Figure 2. - Diffusion specimens of (y ly  '- G)/NiCrAI/W/(y/y'- 6). 6 Platelets oriented perpendicular to NiCrAl and to W barrier; Gr content in 
y/y '- 6, 6 wt  %. 



(b-1) Overview showing a l l  interfaces. X100. 

(b-2) (y/y'- S)/NiCrAl interface. X250. (b-3) NiCrAI/W/(y/y'- 6) interfaces. X250. 

(b) Aged 250 hours at 1100° C. 

Figure 2. - Continued. 



(c-1) Overview showing a l l  interfaces. X100. 

(c-2) ( Y / ~ ' -  G)/NiCrAl interface. X250. (c-3) NiCrAI/W/(y!y'- 6) interfaces. X250. 

(c) Aged 500 hours at 1100° C. 

Figure 2. - Concluded. 



(a-1) Overview showing a l l  interfaces. X100. 

(a-2) (y/y'- S)/NiCrAI interface. X250. (a-3) NiCrAI/W/(y/y'- 6) interfaces. X250. 

(a) As hot-press bonded. 

Figure 3. - Diffusion specimens of (y/y'- 6)/NiCrAI/W/(y/y'- 6). 6 Platelets oriented parallel to NiCrAl and to W barrier; Cr content in 
yly '- 8, 6 wt %. 



(b-1) Overview showing a l l  interfaces. X100. 

(b-2) (y/y'- G)/NiCrAl interface. X250. (b-3) NiCrAI/W/ (y/y'- 6) interfaces. X250. 

(b) Aged 250 hours at 1100° C. 

Figure 3. - Continued. 



(c-I) Overview showing a l l  interfaces. X100. 

(c-2) (ylyl- S)/NiCrAl interface. X250. (c-3) NiCrAI/W/(y/y/- 6) interfaces. X250. 

(c) Aged 500 hours at 1100" C. 

Figure 3. - Concluded. 



(a-I) Overview showing a l l  interfaces. X100. 

(a-2) (y/y'- 6)INiCrAI interface. X250. (a-3) NiCrAI/W/(y/yf- 6) interfaces. X250. 

(a) As hot-press bonded. 

Figure 4. Diffusion specimens of (y/yf- 6)/NiCrAI/W/(y/yf- 6). 6 Platelets oriented perpendicular to NiCrAl and to W barrier; Cr content i n  
y/y' 6,O. 



(b-1) Overview showing all  interfaces. X100. 

(b-2) (y/y'- G)/NiCrAl interface. X250. (b-3) NiCrAI/W/(y/y'- 6) interfaces. X250. 

(b) Aged 250 hours at 1100° C. 

Figure 4. - Continued. 



(c-1) Overview showing a l l  interfaces. X100. 

(02) ( Y / ~ ' -  G)/NiCrAl interface. X250. (c-3) NiCrAI/W/(y/y'- 6) interfaces. X250. 

(c) Aged 500 hours at 1100' C. 

Figure 4. - Concluded. 
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(k) Aged 500 hours at 1100O C; 6MllNiCrAl interfaces. (1) Aged 500 hours at l l W O  C; (yly')MlINiCrAI interfaces. 

Figure 5. - Concluded. 



I 77. 6 (74. 0) Ni (to 79. 9 
(74. 2) at 170 pm), 

. . 
Content, 

wt % (at. %) 
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(c) Aged 250 hours at 1100~ C; (yff - 6)INiCrAl interface. (d) Aged 250 hours at 1100~ C; (yff - 6)NVINiCrAI interfaces. 

Figure 6. - Electron-microprobe X-ray analysis (EMXA) traces across diffusion specimens of (yly' - 6)lNiCrAINVl(yff - 6). 6 Platelets oriented parallel to NiCrAl and W barrier; C r  content i n  yly' - 6. 
6 wt %. 
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(c) Aged 250 hours at 110O0 C; (yly' - 6)INiCrAl interface. (d) Aged 250 hours at 1100~  C; (yly' - 6)NVINiCrAI interfaces. 

Figure 7. - Electron-microprobe X-ray analysis (EMXAI traces across diffusion specimens of lylf - 6)lNiCrAINVl(yEy' - 6). 6 Platelets oriented perpendicular to NiCrAl and to W barrier; Cr 
content i n  yly' - 6, 0. 
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