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in its modified form.

It describes the process selected
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strain capability at the engine operating temperatures.
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EXECUTIVE SUMMARY

The most advanced turbine blade designs utilizing the DS
eutectic alloys will require an environmentally protective coating
on the internal cooling passages. Previous work at General
Electric had demonstrated the feasibility of depositing NiCr or
NiCrAl internal coatings by depositing successive layers of
Ni, Cr, and Al followed by a heat treatment to produce NiCr or
NiCrAl coatings. In the present program, six pre-selected NiCr
and NiCrAl coatings were evaluated as internal coatings for DS
eutectic blades. The base alloy was DS NiTaC. The nominal coating
compositions and deposition processes are summarized in Table A:

TABLE A - CANDIDATE COATING SYSTEMS AND PROCESSES

Element/Deposition Technique*

Coatin% ﬁ, ggstem lst Step 2nd Step 3rd Step 4th Step
WC. ©b :
#1 Ni-30Cr Ni/N Cr/C
#2  Ni-20Cr | Ni/N Cr/s
#3 Ni-15Cr-20A1 Ni/N - Cr/c ' Al/cC
#:  Ni-15Cr-20A1 Ni/N Cr/s AL/
#5 Ni-20Cr-10A1 cr/C  Ni/N Cr/C Al/C
#6 Ni-20Cr-10Al Cr/S Ni/N Ccr/s Al/S

*Deposition Techniques: N - electroless Ni
C - chemical vapor deposition
S - slurry injection

Up to four iterations of coating applications were conducted

-to produce the target thickness over the range 0.0038 - 0.0050 cm.

(0.0015 - 0.002 inches) and chemical compositions. The coatings
were evaluated metallographically for soundness and adherence,

and by the electron microprobe for chemical composition. Two
coatings, #2 and #4 were also tested for ductility at temperatures
up to 760C (1400F). Each coating achieved the ductility goal

.006 cm/cm (0.006 in./in.) at 760C (1400F). These evaluations
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revealed the electroless Ni, and slurry Cr and Al as superior
processes for depositing Ni, Cr and Al, The NiCr and NiCrAl
coatings were deposited to the required thickness with good ad-
herence to the DS NiTaC base alloy. This evaluation provides

a portion of the base technology needed for coating internal
cavities of DS eutectic and other DS alloy turbine blades.
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(1) INTRODUCTION

In order to increase turbine inlet temperature, various
development for improving the temperature capability of materials,
such as superalloys, have been undertaken. One of the advanced
alloys under development at General Electric is a DS NiTacC
eutectic alloy, strengthened by TaC fibers. However, the chro-
mium level in these alloys is reduced to enhance high temperature
strength making the bare alloy more susceptible to attack by
corroding environments. Hence, protective coatings are needed
to increase reliability and extend part life.

Codep (aluminide type) coating, currently being -employed
for external surface protection and life extension of turbine
parts in various engines, performs satisfactorily, but is limited
in its ability to protect at higher temperatures and in its ability
to coat internal cooling passages of turbine blades. There are
no internal coatings and processes which will reliably provide
100% coverage on advanced design GE blades and also meet the.
environmental and mechanical property requirements.

The need for an internal coating has been recognized in
anticipation of increasing internal operating temperatures in
advanced alloy parts. Moreover, the NiTaC alloy is a direction-
ally solidified material with a reduced elastic modulus in the
height direction of the blade, i.e., it will strain more under
centrifugal loads. In order to provide satisfactory environ-
mental resistance and also meet a higher coating strain require-
ment, NiCr(Al) add-on type coatings are needed. Based on exper-
ience with external coatings, the best approach to form a NiCrAl
type internal coating was considered to be by deposition of
elemental Ni, Cr and Al layers and then thermally converting them
to form NiCrAl coatings. The coating composition can be controlled
by layer sequence, thickness and the post-coating diffusion cycle.
This had been demonstrated previously in programs at General
Electric. Because of the small diameter and complex cooling
passages designed into advanced air cooled blades, only fluid
flushing techniques could be relied on to provide coatings with
100% coverage. :

(2) OBJECTIVES

The following goals were selected for evaluation of alterna-
tive internal coatings:
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1. The coating process should have a 1007 coverage capa-
bility.

2. % 207% maximum variation in thickness and composition.

3. A minimum of 1000 hours life in oxidation at 1010C
(1850F).

4, A life of 300 hours at 900C (1650F) in hot corro-
sion test,

5. A minimum ductility of 0,006 cm/cm at 760C (1400F)
and a DBIT below 760C (1400F).

6. No more than 2 mil (0.005 cm) additive thickness in
cooling hole passages.

7. The coating should have a minimum effect on carbide
denudation. '

(3) TECHNICAL PLAN

The effort required screening and evaluation of six coating/
process combinations and selection of one coating system for use
in coating blades for a process demonstration. Included in the
task were verification of coating thickness, composition and
measurement of DBTT. Also, candidate coatings were to be applied
to specimens with simulated cooling passages to assess whether
holes were coated and the extent of cooling hole blockage.
Finally, the environmental resistance of the candidate coatings
was also to be determined as well as its compatibility with an
external coating (EA NiCrAlHf). However, during the program,
the viability of NiTaC as a blade alloy became questionable.

The program was then terminated and the technology developed was

transferred to a Navy contract (N00140-78-C-0028) wherein coatings
are being developed for DS Rene' 150,

.The six internal coating composition/process combinations
pre-selected as candidates were as follows:



TABLE I - CANDIDATE COATING SYSTEMS AND PROCESSES

Element/Deposition Technique

Coating ﬁ, gystem lst Step 2nd Step 3rd Step 4th Step
wt. %
| #1 Ni-20Cr Ni/N Cr/C
#2 Ni-20Cr Ni/N cr/s
#3 Ni-15Cr-20A1 . Ni/N | Cr/cC Al/c
#4 Ni-15Cr-20A1 Ni/N cr/s  Al/S
#5 Ni-20Cr-10Al Cx/C Ni/N Cr/C Al/C
#6 Ni-20Cr-10Al Cr/S | Ni/N Cr/S Al/S

oo
«~

Deposition Techniques: N - electroless Ni
C - chemical vapor deposition
S - slurry injection

The prior internal coating development work at General
Electric started with single element deposition. The work was
initiated in 1971 with the successful demonstration of an Al
coating in the passages of a CF6-6 blade. Such Al deposits could
be thermally converted to an aluminide coating like Codep. More -
recently, a novel idea for depositing Al by a slurry injection
technique was invented and successful deposition inside CF6-50
blades have been achieved. ~

The chromium deposition work was started in 1976. Cr was
deposited by chemical vapor deposition (CVD) techniques and
thermally converted to form a chromide coating for the internal
protection of F404 high pressure turbine blades. In addition,
the recently developed slurry injection technique (IR&D work)
has also been used successfully to deposit chromide coatings
inside CF6 blades.

The Ni deposition work was started in 1975. Ni layers with
good uniformity and structure have been successfully deposited
on CVD Cr and Al coated specimens., Diffusion heat treatments
resulted in NiCr or NiCrAl type coatings. However, efforts in



efforts in using a CVD technique to deposit Ni were held up due
to the concerns about handling toxic nickel carbonyl. Using a -

‘substitute method to deposit Ni from electroless Ni solutions,

deposits were formed successfully inside F10l high pressure turbine
blades with reasonably uniform thickness profile. Recent progress
has demonstrated that the purity of electroless Ni deposit can

be further improved by using hydrazine electroless Ni solution.

Although substantial progress has been made on each individual
coating process, a program to integrate the individual processes
to form a desired NiCr or NiCrAl type coating on a NiTaC substrate
was necessary, The role of the substrate in the performance of
a coating vis-a-vis diffusion characteristics is of great signifi-
cance. This final report highlights efforts made toward identify-
ing a coating system that has the potential to meet our projected
goals for internal coatings.

(4) EXPERIMENTAL WORK

_ There are no known commercial monoplex processes available
today for the deposition of NiCr or NiCrAl internal coatings.

The best approach for deposition of a uniform NiCr or NiCrAl coat-
ing is to deposit individual Ni, Cr and Al elemental layers first
and then diffusion heat treat to form the desired composition.

One of the promising approaches for deposition of Ni, Cr, or
Al is chemical vapor deposition (CVD). 1In general, CVD coating
techniques have been described for all the components of interest
to this program; however, little work has been reported on the de-
position of these coatings on the internal surfaces of channels of
appreciable length/diameter ratio. An alternate technique used to
deposit Ni is the electroless Ni process. The most common problem
encountered during the electroless Ni process is that impurities.
are codeposited along with Ni. The impurities, such as phosphorous
from reduction by hypophosphites and boron from reduction by boro-
hydrides, are detrimental to coating performance. This problem
has been eleminated by using hydrazine as a reducing agent. Recent
work at General Electric has demonstrated the feasibility of this
technique. :

Cr and Al can be deposited by techniques other than CVD. The
candidate techniques are slurry injection and vapor transport
techniques. 1In the sulrry injection technique, a mixture of Al



halides or Cr halides with an organic binder and an activator

is injected into a blade. The blade is then heat treated at
specified temperatures and environments to allow the slurry to
decompose and leave an aluminide or chromide coating. The vapor
phase transport technique is essentially a modification of the
pack process. This technique requires the generation of a halide
vapor from a pack mixture. The halides react with the base metal
and deposit an aluminide or chromide coating. These techniques
have been developed under General Electric in-house programs. ' By
far, the slurry injection technique has been found to be superior
to the vapor transport technique, both from the facility and
process control point of view. The techniques used for this
program are described below in greater detail.

(i) CVD and Electroless Ni TechniQues

Nickel can be deposited from gaseous nickel carbonyl
at temperatures of 150C (300F) to 250C (480F) and catalysis
with H,S or surface absorbed sulfur from other sources can
yield aseful deposition rates at temperatures as low as
425C (795F). This is the most highly developed and best
understood CVD reaction for depositing nickel; its only
limitation is the toxic nature of the carbonyl which requires
that special but defined procedures to be used.

Nickel can also be deposited from acetyl acetonate
vapor at 290-400C (550-750F) preferably at low pressures.
‘However, the requirements of higher deposition temperature
and low pressure operation off-set the advantage of reduced
toxicity of the reactant.

Although many metals can be deposited from their chlo-
rides, and solid nickel chloride can be reduced by hydrogen,
CVD of Ni from its chloride is precluded by the low volatility
of the latter. 1In recent years, the stabilization of volatile
nickel chloride by the complexing reaction

has been observed, which opens another route to CVD nickel;
e.g., at 482C (900F).



Ni Al3 C18(g) + H2(g) = Ni(s) + Hcl(g) + A13Cl6(g)

The obvious disadvantage is again the high deposition tem-
perature. Handling the complex reaction is also more
difficult than simply feeding nickel carbonyl from a com-
mercially supplied tank. However, because of the toxicity
of the chemical, (OSHA tolerance limit for carbonyl 1 ppb),
the CVD Ni technique was not used in this program.

The foregoing arguments leave us with the choice of one
promising candidate, i.e., electroless Ni.

Electroless deposition is defined as the autocatalytic
chemical reduction of metal from solution. The metal depo-
sition proceeds solely on the surface which is catalytic
for the chemical reduction process. Electroless nickel
plating solutions consist of nickel salts and a reducing
agent with other compounds added to improve solution and
deposit characteristics. Electroless nickel deposits have
two important advantages over other types of nickel deposits.
The first is uniformity. These deposits do not build up at
sharp corners and edges. The second advantage is ease of
process control.

Of the known methods, hypophosphite reduction is the
most common. Electroless nickel deposits from hypophosphite-
base solutions are not pure nickel, but contain phosphorous.
Deposits appear amorphous to x-rays but electron diffraction
studies indicate the deposits to be supersaturated solid
solutions of phosphorous in finely crystalline nickel.
Heating at 440C (750F) results in precipitation of a Ni

P
phase. 3

The phosphorous content of deposits from acid electro-
less nickel solutions increases with decreasing solution pH
and is usually about 5 to 15 percent by weight. Deposits
from alkaline 'solution usually contain 5 to 7 percent
phosphorous. As such, these coatings are not acceptable
in the present application.



Sodium borohydride has also been used as a reductant;
however, residual boron adversely affects the corrosion
resistance and ductility of the deposits. As much as 8% (1)
boron has been reported to be codeposited in the process.

A promising candidate for internal nickel coating was
recognized after an extensive literature survey. It was
found that relatively pure nickel can be deposited autocataly-
tically using hydrazine as the reductant, Hydrazine is a
powerful reducing agent theoretically capable of yielding
four electrons and four protons per molecule. ' It is believed
that metal deposition probably takes place according to
the following overall reaction between nickel ions and hydra-

zine in an alkaline aqueous solution.

o Nitt 4+ N.H, + 4 OH™

oHy, + 4 H,0

(Ni Catalyst)

The activity of Ni++ is maintained very low so that the
solubility product of the metal hydroxide will ngt be exceeded.
The plating rate is found to be a function of Ni ' activity,
pH and temperature. Nickel deposits spontaneously when the
catalytic substrate is immersed in the solution and reaction
becomes autocatalytic after the first nickel is formed.

Dini and Corbna?g(z) were the first to apply the hydra-
zine method of Levy ) for obtaining thick, uniform and rela-
tively pure nickel dep031ts. The optimum formulation reported
by them is as follows: ‘

TABLE II - Optimum Formulation of Hydrazine Bath

Nickel Acetate 60 g/1

Glycollic Acid 60 g/1
Tetra Sodium EDTA 25 g/1
Hydrazine (647%) 100 M1/1
Temperature 90C (192F)
PH ' 11

-9 -



Thick and pure deposits having good adhesion to the
substrates using this process were obtained. The main draw-
back of this formulation was found to be the higher residual
stress due to the gas content of the deposit produced in
the hydrazine bath. This also accounted for poor corrosion
resistance, Gas analysis by a fusion technique showed
0.003-0.0067 percent hydrogen, 0.09-0.463 oxygen and 0.241
to 0.287 percent nitrogen.

Based on the available information, work was started
at General Electric to develop a procedure for electroless
nickel plating of Rene' 125 by modifying the hydrazine pro-
cess to suit our requirements (Figure 1). Several variations
were tried to obtain relatively pure, thick deposits with
a minimum residual stress. This involved variation of
the bath composition, surface preparation and heat treatment.
The results of gas analysis of the deposits made on Rene' 125
pins have been promising. The gas content on a number of
specimens was analyzed and is reported in Table III.

TABLE III - Gas Content of Electroless Ni (wt %)

»

(Hydrazine Method)

Bare Pin (Rene' 125) As Deposited After Heat Tréat
N, 0.0005 0.0044 0.0005
0, | 0.0105 0.0226 0.0144
Hy 0.0002 . 0.0007 0.0003

Consistently uniform deposits of nickel have been obtained
at a rate of 0.0012-0.0015 em (0.5 - 0.6 mil/hour) which
diffuse well into the substrate after heat treatment.
(Figure 2)

Further work was conducted to monitor nickel and hydra-
zine contents of the solution during deposition. Surface
preparation, stabilization of the bath and plating of elec-
troless Ni on Cr were some of the activities pursued for this
program to obtain an internal NiCrAl type coating on the blades
as an ultimate goal.

- 10 —



ELECTROLESS Ni FROM
HYDRAZINE BATH

Figure 1
Electroless Ni Facility



500X, Etched

Figure 2

Hydrazine Electroless Ni on Rene' 125 Test Pins,
Heat Treated 10 Hrs. at 760C (1400F)



(ii) CVD Cr Technique

The most promising CVD Cr process for the present pro-
gram involved organo-metallic compounds of chromium, such as
chromium dicumene, Wh%ch has been used most extensively at
Battelle-Columbus Lab(3), The major limitation in the use of
dicumene chromium is the fact that, depending upon the reac-
tion conditions, 4-12% carbon can be codeposited with the
chromium. However, where it must be eliminated, the addition
of 0.1 percent of a halide, e.g., HCl or HI has been effective.
For example, the addition of 0.06m% HI to 0.6m% dicumene chro-
mium in hydrogen has resulted in products containing as low
as 1000 ppm carbon.

The amount of carbon codeposited is extremely important
to the performance of the resultant coating. Too much carbon
is detrimental to the environmental resistance of the coating.
Yet, on the other hand, a controlled amount of carbon is
desired for coating a NiTaC alloy(2), A problem with some
NiTaC alloys is that the TaC reinforcement fiber near the
coating tends to disassociate when the coating is deposited.

In some cases, a .025 - .038 cm (10 to 15 mils) of carbide
denudation, due to the coating has been observed. This

affects the substrate mechanical properties. The onk per-
formed by Rairden and Jackson under NASA Contract(#)(3) has
demonstrated that the carbide denudation phenomenon can be -
minimized by adding a controlled amount of carbon to the coat-
ing. Figure 4 is a cross-section of a NiTaC pin coated with
CVD Cr+C and tested in oxidation for 300 hours at 980C (1800F) .
The TaC fibers were retained in the coating., The CVD Cr deposi-
ted from dicumene Cr with a halide catalyst was selected as one
of the candidates for this program, Preferred conditions for
deposition of a Cr coating are listed in Table IV. Figures 5-7
show the schematics and assembly of a CVD coater.

TABLE IV - Conditions for Deposition of CVD Cr

Surface Preparation - Chemical etch ?0% H2§O -
, . 60C (140F) until ga31n§ starts
Temperature - . 300C (572F)
H2 Gas _ - 99.9% volume
DCC - 0.087% volume
DCC - ~192
m .
Coating Rate’ - ~,0007 cm/hr. (0.3 mil/hours)
- 13 -



500X Unetched

Figure 3

As Deposited CVD Cr on Rene' 125 Test Pin



—TaC Fibers
Pk

500X
Phosphoric Acid Etch

Figure 4

CVD Cr Coated NiTaC Specimen After 300 Hours of
Oxidation Testing at 982C (1800F)
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(iii) Cr By Slurry Injection Process

Applying coatings by the slurry method consists of
blending the coating source material in powder form (CrF CrF,),
suspending the powder in a liquid carrier and a binder t ak%

a slurry and 1n3ect1ng the slurry into the blades. An 1nJec-
tion device is shown in Figure 8. After the suspension is

air dried, the blade is heated in an inert atmosphere or

vacuum, The liquid carrier decomposes and Cr halide reacts wrdlthe
metal surface and leaves a uniform internal chromide coating.

The liquid carrier or suspending agent can be any liquid that
will: (1) hold the coating particles in suspension, (2) not react
with coating materials, (3) decompose upon heating and (4) leave
no residual organics. In addition to holding the coating powder
in suspension, a high viscosity binder is often added to the mix-
ture to adjust the viscosity of the liquid.

The composition of the chromide coating can be adjusted
by the slurry composition. The microstructure of the internal
Cr coating of a CF6-50 high-pressure turbine blade is shown
in Figure 9. Coating structure and chemical analysis by
EDAX are shown in Figure 10. The coating was uniform and the
coverage was excellent.

The experlence to date has indicated that the success
of the process is controlled by the following process para-
meters: (1) the pretreatment of the CrF, source; (2) the
atmosphere and temperature of the blade aurlng heat treatment;
and, (3) the viscosity of the slurry and the amount of slurry
injected into the blade.

(iv) ~ CVD Al Technique

Although many aluminum alkyls have been used as sources
of aluminum in CVD reactlons, most workers have used tri-
isobutyl aluminum, (6) (TIBA). An example of TIBA coating is
shown in Figure 11 Comparison by Bazarre and Petriello(7) of
deposition from tri-isobutyl and trinormalpropyl aluminum,
and from di-isobutyl aluminum hydride and diethyl aluminum
hydride showed that the purest coating (100 ppm max. impuri-
ties) with the lowest modulus come from the tri-isobutyl alumi-
num at deposition temperatures near 260C (500F). The dialkyl
hydrides gave coatings with carbon contents up to 2 percent.

In view of the information and experience at Battelle
with the deposition of aluminum alkyls, tri-isobutyl aluminum
was selected as an aluminum source for this program.

-19 -



FIGURE 8

Slurry Injection Setup

A
B

BLADE
INJECTION DEVICE




<—Cr Coating

<—CF6-50 Blade
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Figure 9

Cr Deposited by the Slurry Injection Technique
Inside a CF6-50 Blade



Cr Coating

\ 500X, Unetched
EDAX

Figure 10

(a) As Deposited Cr by the Slurry Injection Technique.
(b) EDAX Analysis Confirmed the Deposit to be Cr

- 22 -



& Mount

Al
l Coating
I Substrate
X2000 (SEM) Al (x-ray scan)
l Figure 11
CVD Al Deposit Using TIBA
l - 23 -



ﬁ

Tri-isobutyl aluminum (TIBA) undergoes thermal decompo-
sition in two distinct steps:

at 100-150C (CH,), CH CH Al—>[CH,), CH - CH AlH + (CH,) C=CH
(212-302F) (@, 2'3 { 372 2]2 ¥ 72
at Zg(z)g Em3)2 ca-cnélz ATH>AL + 3/2 Hy + 2 (CHy), C=CH,
TIBA starts decomposing at about 71C (160F); the plating
reaction must be carried out at low pressure (5 torr or less)
or the premature decomposition must be suppressed by the
addition of isobutylene to the carrier (Argon) gas. The
high degree of reversibility makes this latter procedure
quite effective. Bazzarre and Petriello showed that although
isobutylene as a suppressant yielded columnar coatings from
TIBA, the use of ethylene as a suppressant, presumably under
otherwise identical conditions, gave a lamellar, smoother
coating. Oxygen is added to the carrier gas in the amount

of 0.1 vol, % to improve the quality of the deposit, possibly
by scavenging the hydrogen released in the reaction.

(v) Al By Slurry Injection Technique

The principle of Al slurry injection is the same as the
Cr injection technique discussed earlier. This work was
started in 1976. Slurries of AlF, with a variety of organic
reagents were tried for the purpoée of obtaining a uniform
suspension of particles which could be injected into the blade
interior, A fixture which throws slurries at a controlled
pressure and flow rate was designed and built. This enabled
us to obtain a predetermined activity of the coating element,
and therefore, the desired thickness of aluminum on the sur-
face at a given temperature. The role of hydrogen in control-
ling the kinetics of the reaction was investigated. Uniform
deposits of aluminum have been obtained over the entire
cross section of CF6-50 blade airfoils (Figure 12). A SEM
analysis of the coating structure is also given (Figure 13).
The process is controlled by factors such as coating powder
size, pretreatment, slurry viscosity, the amount of slurry
injected, the coating temperature and time. Based on ther-
mograviemetric and particle size analysis of the pack con-
stituents, appropriate baking, grinding, and pack procedures
have been optimized. :

- 24 -
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Figure 12

Al Coating Deposited on an Internal Surface of a
CF-6-50-Blade Using Slurry Process
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EDAX (SEM) Analysis of As Deposited Internal
Al Coating On CF6-50 Blade (R'S80).
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(5) MECHANICAL PROPERTY EVALUATIONS

The protective coatings used on turbine alloys affect mechan-
ical properties by three mechanisms:

(1) The added material produces a surface of different
properties than the base alloys, e. g., the aluminide
coatings typically are more brittle at low temperatures
and more ductile at high temperatures.

(ii) Diffusion between the coating and bare alloy causes
chemical and phase changes in the alloy itself for a
distance below the coating that depends on the initial
coating parameters and subsequent thermal exposure.

(iii) The heat treatment used in the coating process is fre-
quently different from the normal treatment of the base
‘alloy and may cause changes in the bulk properties.,

Thus, the mechanical properties that need to be investigated for
each alloy/coating system are: a) tensile strength and ductility;
b) creep and stress rupture; c) high and low cycle .fatigue; d)
thermal fatigue; e) the ductile-brittle transition temperature

of the coating; and f) the coating fracture strain,

After the coating thickness and composition were verified,
the DBTT tests were carried out on test bars with 0.60 cm (0,.16")
diameter (Figure 14). The specimens were step-strained with an
increment of .0025 em/cm (0.001 in/in) elongation. The tests
at each temperature were stopped when the coating cracking strain
t appearance of a crack at a magnification
of 20X). The inspection of the coating crack was carried out by
the Zyglo technique which picks up fine hairline cracks. If the
coating was free from cracks, the specimen was reloaded and
strained to a total of .50 em/cm (0.2 in/in strain and checked.
The straining and inspection cycles were performed until coating
cracks were observed., Up to five temperatures were tested for
each coating process/combination. The plot of coating cracking
strain vs. test temperature yielded the DBTT.

(6) RESULTS

The deposition sequence, layer thickness, and deposition
techniques for this program are listed in Table V. The various
processes selected are expected to provide compatibility between
the intended internal and external coatings. Included in the
process development are: ‘
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(i) Definition of heat treatment cycle used after ele-
ment layer deposition, and

(ii) A definition of the mechanics and process parameters
© involved in applying elemental deposits. '

The technical effort consisted of a single task, the goal
being to screen and evaluate six coating/process combinations
and select one coating system for use in coating blades for a
process demonstration. Included in this task are verification

of coating thickness, coating composition and measurement of
DBTT.

A total of 19.8 Kg (40 1bs.) of AFNiTaC alloy designated
3116A2 (nominal composition) wt. % 6.25 Re, 4.05 Co, 1.75 Cr,
4,1V, 9.1 Ta, 69 Ni, 6.2 Al, 0.26 C, was ordered from the
General Electric Research Center at Schenectady. This alloy
was used. exclusively in the program.

Experiments with electroless Ni coating using the hydra-
zine process were started and a thickness of .00l cm (0.4 mil)
of Ni was deposited on NiTaC pins. After heat treating at
1080C (1975F) for 4 hours, a ~.0012 cm (0.5 mil) diffused

coating was obtained. The Ni coating was found to adhere well
to the substrate. '

: The three coating systems which did not require work at
Battelle (namely electroless Ni, slurry Al, and slurry Cr)
were applied in-house to NiTaC pins. The three coatings are
identified as #2, #4 and #6 in the table. Elemental layers of
Cr and Al were put down by a slurry injection technique and

Ni layer was applied using the hydrazine process, After depo-
sition of Ni, the specimens were heat treated for 4 hours at
1065C (1950F) in vacuum. The as-deposited coatings were evalu-

ated with respect to coating thickness and composition are shown
in Table VI, -
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" TABLE V

INTERNAL COATING DEPOSITION SEQUENCE
LAYER THICKNESS AND DE ITION TECHNIQUE

Coating System

Element/Target Thickness in M/CS/Deposition Technique*

wt.% ‘Ist Step 2nd Step 3rd Step 4th Step

l A Ni 20 Cr Ni/0.8/N Cr/0.2/C

o {2 Ni 20 Cr Ni/0.8/N Cr/0.2/S
' #3 Ni 15 Cr 20-Al Ni/0.8/N Cr/0.2/C Al1/0.2/C .
I # Ni 15 Cr 20 Al Ni/0.8/N Cr/0.2/S A1/0.2/S
##5 Ni. 20 Cr 10 Al Cr/0.2/C Ni/0.8/N Cr/0.2/C Al/0.1/C
I #6 Ni20Cr10Al  Cr/0.2/S Ni/0.8/N Cr/0.2/S A1/0.1/S
' * N - Hydrazine Electroless Ni
- C - Chemical Vapor Deposition
' S - Slurry Injection
/l TABLE VI

THICKNESS OF COATING #2, 4, 6 (lst Iteration)

l Coating " Thickness Target (mils) Actual (mils)
i #2 Wi 20 Cr 1.5 1.2

. #4 Ni 15 Cr 20 Al 2.0 2.5

# Ni 20 Cr 10 Al 2.0 | 1.8
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The thickness for cbatings #2 and #6 were within the required
+ 20% limit whereas #4 was slightly over. The compositions of
coatings #2 and #4 were within the range for Ni and Al, but were

found to be low in Cr.

Metallographic analysis was performed on the three coating
variations on NiTaC pins. Figures 1l6a and 16b show the electroless
Ni coatings in the as-deposited and heat-treated condition respec-

‘tively. The as-deposited structure shows good bonding, purity and

structure. The heat treated electroless Ni coating also shows
good structure with less than 0.2 mil of fiber denudation.

Figure 17a shows a Ni-Cr coating (coating #2, lst iteration)
on NiTaC. There were some oxide inclusions observed in the coating.
A quantitative electron probe analysis was carried out on the coat-
ing. A computer plot of the microprobe data is shown in Figure 17b,
where the results for Cr, Ni and Al from the substrate are presented.
Additional microprobe data revealed that the diffusion zone also
contained small amounts of other elements of the substrate.

The calculated averaged composition of the NiCr coating was
81% Ni, 10% Cr. The Cr level was low for this coating. A second

iteration was attempted. _ .

Figure 18a shows a NiCrAl coating, which is the first iteration
of coating #4 on AF NiTaC test pin specimen. The coating exhibited
a good structure with less than 1.0 mil of carbide fiber denudation.
The quantitative electron microprobe results for the NiCrAl coating
are presented in Figure 18b, The calculated averaged composition
of this coating was approximately 67.5% Ni, 9% Cr, 14% Al. The diffu-

-sion zone contained small amounts of V, Re and Ta, while the additive

layer contained less than 2 wt., % of substrate-elements. A second
iteration for this coating was attempted to increase the Cr and Al
levels, o

Figure 19a shows the NiCrAl coating #6 deposited on AF NiTac
pins using two chromizing steps. The quantitative electron micro-
probe results for this NiCrAl coating are presented in Figure 19b.
The calculated averaged composition of this coating was approximately
63.5% Ni, 11.5% Cr and 19,.5% Al., The diffusion zone was shown to
contain small amounts of Re, Ta and V. The additive layer contained

less than 2 wt., 7% of substrate alloy elements. The Al level and

Cr level need to be decreased and increased respectively in the
second iteration.
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Hydrazine electroless Ni coating on NiTaC specimen
after a 4 hour diffusion heat treatment at 1065C
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Figure 17a

A NiCr coating on NiTaC specimen. The deposition
sequence consisted of hydrazine electroless Ni, a 4
hour diffusion heat treatment at 1065C (1925F), and
slurry Cr at 1051C (1925F). Coating #2, lst iteration)



‘oo‘ n..'.l".'x....x'.'.1{'."1....1....1...'1...'1..'01

- .
-3 -
90. p-- -
3 +” T e e 4
800 - - - - -
N / )
- ‘ - -
70¢ p-- -
I R ) o
p= . \ ’ -
il S : T
= cr
\

b \ Y4 > AL -
SQe p-- P -
n - * -
§ - -
; -3 o
A40e p-- -
5 -SUBSTRATE -
30. > - - - --]
[ COATING ]
-
= = .
. 20. :-- v --j
- -
10 p~-- "‘-- * = -8 --:
- .

< . .

\\ ) < >

0. 10. 20. 30. 40 _sco
DISTANCE (MICFONS)

Figure 17b

A computer plot of electron microprobe data showing the

distribution of Ni, Cr and Al in a NiCr coating on NiTaC,
This. coating represents the first iteration of coating
#2 in Table 1,
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Figure 18a

A NiCrAl coating on NiTaC specimen. The deposition sequence
consisted of electroless Ni, a four hour diffusion heat
treatment at 1065 C (1950F), slurry Cr at 1051C (1925F),
and slurry Al at 1051C (1925F). (Coating #4 1lst iteration).
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Figure 18b

A computer plot of electron microprobe data showing the
distribution of Ni, Cr and Al in a NiCrAl coating on
NiTaC. This coating represents the first iteration of
coating #4 in Table 1.
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Figure 19a

A NiCrAl coating on NiTaC specimen. The deposition
sequence consisted of slurry Cr at 1051C (1925F),
electroless Ni, a four hour diffision heat treat-
ment at 1051C (1950F), a second slurry Cr at 1051C
(1925F) and slurry Al at 1051C (1925F) . (Coating #6
lst iteration).
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Figure 19b

A computer plot of electron microprobe data showing the
distribution of Ni, Cr and Al in a NiCrAl coating on NiTaC,
This coating represents the first iteration of coating #6
in Table 1, . o
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The second iteration of candidate coatings #2, 4 and 6
were completed. Elemental layers of Cr and Al were deposited
using a slurry injection technique and the Ni layer was deposited
using electroless Ni. After deposition, samples were heat treated
for four hours at 1065C (1950F) in hydrogen. A similar heat
treatment was given to the samples after slurry injection.

The thickness and composition of the 2nd iterations of
coating #2 and 4 were found to be within the required * 20% range.
Metallographic analysis of the second iteration of coating #2 -
revealed good bonding and structure. A quantitative electron
microprobe analysis was carried out on this coating. A computer
plot of the microprobe data is shown in Figure 20 where the results
of Cr, Ni and Al coating are presented, Additional microprobe
data, not shown, reveals that the diffusion zone also contained
small amounts of some substrate elements - as expected. The cal-
culated averaged composition of the NiCr coating, in terms of the
major constituents was 829 Ni, 12% Cr and 2% Al. The target com-
position was 80% Ni, 20% Cr. The Cr level represents an improve-
ment over the first iteration, but a substantial increase is still
required. The Al was diffused from the substrate., A third iter-
ation of this coating was planned in which a modified Cr slurry

- was used to increase the Cr level to the target composition,

. Metallographic analysis of the second iteration of coating

#4 revealed good bonding and structure. A quantitative electron
microprobe analysis was carried out on this coating, A computer
plot of the microprobe data is shown in Figure 21 where the results
for Cr, Ni, and Al in the coating are presented. The calculated
average composition of the NiCrAl coating, in terms of major
constituents, was 65% Ni, 13% Cr and 187 Al. Thus, the coating

has met the contract goal and achieved L 20% of the target com-
position., The second iteration represents a major improvement

over the first, A third iteration was planned to demonstrate
reproducibility,

The electroless Ni coating did not adhere well to the prior
chromide layer for the 2nd iteration of coating #6. Therefore,
a 3rd .iteration was planned.

The third iterations of candidate coatings #2, 4 and 6 were
completed, The thickness of the as-deposited coatings were well
within the required + 207 range, Table VII. Metallographic

- 41 -



WEIGHT %

A computer plot of electron mi

100.

90.

80.

70.

60.

- 50.

4a0.-

30.

20.

10.

'v'vI'vvtlitrllill'IlyIvI'lrlIl'vt_vI'vrI'IvTTYIll

= -
- . e T o SN e P RF AP -
- - - Lt AR ST TS S -
. 4 . .
B A ¥ N' * -
TET O -
- A 2 -
o - om el
- - o -
i < T
§ SUBSTRATE COATING ]
- -4
k.
L > -
- -
== X -
- . -
- ’ -
B —C—I--- /P k% -
- . ' P2 adadr TT N -
b =~ . . ’*’ -
" . ”‘ 7
= e3> . . ,;, . A’ n
b S e XS -
sl e L e D gt it e . S S U
PIPUIPS PSP I S Yeasoe¥eas e¥easeYougateosnalenia
60.

O- - 120 24- 36- 48- .

DISTANCE (MICRONS)

FIGURE 20

distribution of Ni, Cr and Al in a NiCr coating
This coating represents the second iteration of
#2 in Table I. '
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FIGURE 21

A computer plot of electron microprobe data showing
the distribution of Ni, Cr and Al in a NiCrAl coating.
This coating represents the second iteration of coat-
ing #4 in Table I.
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analysis of the 3rd iteration of coating #2 revealed good bond-
ing structure as shown in Figure 22a. A layer of NiCr with a
Cr-enriched surface is observed. Below the NiCr layer, a dif-
fusion zone consisting primarily of Cr enriched Ni was found.

A quantitative electron microprobe analysis was carried out

on this coating. A computer plot of the probe data is shown

in Figure 22b, where the results of Cr, Ni and Al in the coating
are presented, Additional microprobe data not shown, revealed
that the diffusion zone also contained small amounts of other
elements of the substrate, as expected. The calculated averaged
composition of the NiCr coating was 75% Ni, 21% Cr. The target
composition of 807 Ni, 20% Cr, therefore, achieved within % 20%.
The Cr level represents a substantial improvement over the second

~ iteration. The Al was diffused from the base metal.

Metallographic analysis of the third iteration of coating
#4 revealed good bonding and structure, as shown in Figure 23a.
The outer layer has two phases, B-Ni(Cr)Al, and a secondary
unidentified phase (probablya Cr). Below this layer is a dif-
fusion zone showing a-Cr precipitation. A computer plot of the
microprobe data is shown in Figure 23b, where the results of Cr,
Ni and Al in the coating are presented. The calculated averaged
composition of this coating, in terms of the major constituents,
was 68% Ni, 12% Cr and 17% Al. The target composition is 65% Ni,
15% Cr and 20% Al. Thus, this coating has reproducibily met the
contract goal and achieved * 20% of the target composition.

Microprobe analysis of the 3rd iteration of coating #6
(Figure 24) revealed that the averaged composition of this NiCrAl
coating, in terms of the major constituents, was 13% Al, 15% Cr
and 60% Ni, Therefore, a fourth iteration was tried to bring
this coating composition to within the required limits.

Metallographic analysis of the fourth iteration of coating
#6 revealed good bonding and structure as shown in Figure 25a, The
outer layer consists of B-Ni(Cr)Al and a secondary unidentified

phase (probably aCr). Two zones of diffusion are present,

Both diffusion zones show «-Cr precipitation and correspond to:
areas where the two separate layers were originally deposited. -
A computer plot of the microporbe data is shown in Figure 25b,
The calculated averaged composition of the NiCrAl coating, in
terms of the major constituents, was 12% Al, 19% Cr and 60% Ni.
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- TABLE VII

- THICKNESS OF CANDIDATE COATINGS #2, 4, 6
(up to 3rd Iteration)

Target First Second Third
 Coating (wt.%) - Thickness (Mils) Iteration Iteration Iteration
| . ’ .
IS .
w .
. #2  Ni-20Cr 1.5 1.2 1.4 1.4
#  Ni-15Cr-20A1 2.0 2.5 2.0 - 2.0

#6  Ni-20Cr-10A1 2.0 1.8 | - 1.8
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Figure 22a

A NiCr coating on NiTaC pin specimen. The deposition
sequence consisted of electroless Ni, and slurry Cr,
(Coating #2, 3rd iteration)
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Figure 22b

A computer plot of electron microprobe data showing the
distribution of Ni, Cr and Al in a NiCr coating on NiTaC.
This coating represents the third iteration of coating
#2 in Table 1.
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Figure 23a

A NiCrAl coating on NiTaC pin specimen. The
deposition sequence consisted of electroless Ni,
slurry Cr, and slurry Al. (Coating #4, 3rd iteration)

- 48 -



WEIGHT %

80. ‘r"I'I"x""I"'I’I"'II"'v.xﬁ"'vlv"'rT"'Ir'Tﬁ'—l

1
!

\2

76. whebas

60+ f--

50. f--

40. -~

30. }--

20« F--

10 p--

~
-~
”
-

p— =

*’,
Q. PR PP

Diff
Zone

saaalaanaa

‘"((mils) ‘ N

¥

J/ AN

k-t—t\
-

A S S U |

COATING — _, ]

assalanaa

0. 15.

A computer plot of electron micro
the distribution of Ni,

on NiTaC.

DISTANCE (11CRONS)

Figure 23b

tion of coating #4 in Table I.

- 49 -

3ob. 45. 60. 75.

probe data showing
Cr and Al in a NiCrAl coating
This coating represents the third itera-



WEIGHT %

100.

90.

80.

70.

60.

'so.

ap.

30.

20.

10.

v‘lvtI'ITj I"ll’r]vvvllv—_tva—YWV-lvvv'vltvtvlut-ilvﬁ
- -
N (mils)’ .
= 1 2 3 j.
A § 1
5 -
= -~
[ __ COATING T
i —>- ==
X SUBSTRATE Di £1
:\ Zone 7
S . v . S S N Y.
- [~ Ni .
I 0\ o
]
L "\
L ¢ X
B + ! .
- : 3 -]
: o ;
- l i
i 2\ ]
R ' 1 -
- ) cr] {1 ) .-
= ’ | . It
S ) ' . Al S -
: 1, yf'*n.”: -
» . -
5 ' ,y" -
- S5 -
SR _-’ .'->.' o ‘ e—
o .:' ~ %: ‘ “
8 ‘o s @ ..5‘# .’.. \ A ]
breessescs s oane s s_--::‘.‘_'__'.- PR S -
pom o = = = - \t -
....I.c;o!.;..!....’.‘J. PN SR S U U
O 2C. 40. 60. 80. 100.

on NiTa(C.

DISTANCE (MICRONS)

Figure 24

A'computer plot of electron mi
the distribution of Ni,

-~ 50 -

croprobe data showing

Cr and Al in a NiCrAl coating
] This coating represents the third iteration
of coating #6 in Table I.



Cr enriched B NiAl

Secondary diffusion zone
with aCr precipitation

Primary diffusion zone
with oCr precipitation

Substrate

500X, Unetched

Figure 254

A NiCrAl coating on NiTaC pin specimen. The

deposition sequence consisted of slurry Cr, electroless
Ni, a second slurry Cr, and slurry Al. The specimen is
unetched. (Coating #6, 4th iteration)



WEIGHT %

80. 'vv"v'vvlvaIx'vvvliv'YI'VI'I"'I'I'_""II"VI""
1 2
B I (mils) l -
 pe——— -+\ o .
70. e = - \ . .. - o
A
5 \ ot <
- = \‘ A T
L
L + Vs -
L 1 +7 4
)
60. -~ \ e =
‘ " Ni -t
1 /7
b + -
P \ 4
\ e o
. +\ ’,’ -
50- shubad ‘\\ ,/ -
- N '_-.»’ -
- \'.;" -
b . ’ : -
40. Jr——- . -
-SUBSTRATE DIFFUSION COATING -
- Z0ONES -
PR DN -
- 4 \
3. - \oer -~
Y \ y
- ’ ‘ -
- 4 * / -
- J \\ 4 -
»
20. |-~ g N R ==
. = [4 -->§--->’ -
1 -—
: , /> \; -
! ",' . . 9
o * ’> [N . . -
- A
10. f-- T 'S ,. | -
. S / > N\ : -
-0 . \
andE TIPS N . .
-
-.\‘ *,I ,-\\\‘ . -
LI STIPL FIFPFE ML SUUVE PR SO TS JUUTR PUPUE TUUT

0‘0 15. 30. 45. 60. 7S5.

DISTANCE (MICRONS)

FigumaZSb

A computer plot of electron microprobe data showing
the distribution of Ni, Cr and Al in a NiCrAl coating
on NiTaC. This coating represents the fourth itera-
tion of coating #6 in Table 1. : ‘ :

- 52 -



This iteration is within £ 20% of the target composition of 70%

- Wi, 20% Cr and 10% Al and represents a significant improvement

over previous attempts. Thus, the composition and thickness
(Table III) goals have been achieved for all three General
Electric applied coating/process candidates.

CVD Coating of Test Specimens: -

A total of 15 AF NiTaC pin specimens were coated at Battelle
Columbus Labs with CVD Cr. Five pins were bare and ten had an
electroless Ni coating pre-applied at G. E.

The first iteration of coating #1 was applied using the CVD Cr
process as the secondary step. The primary layer, Ni, was
applied at General Electric using the electroless Ni process,
After deposition of the elemental layers, samples were heat
treated for several hours at 1065C (1950F) in vacuum.

Coating #l1 was examined with respect to coating thickness
(Table IX) and composition. The thickness range was within £
20%. Metallographic analysis of the coating revealed unaccep-
table bonding and structure. Coverage was incomplete and coating
spallation occurred in several places. . A quantitative electron
microprobe analysis was carried out (Figure 26).on a portion of
the coating with acceptable bonding and structure. A computer
plot of the microprobe data not shown revealed that the diffusion
zone contained small amounts of substrate elements. The calcula-
ted averaged composition of this NiCr coating in terms of major
constituents was 70% Ni, 16% Cr and 5% Al. The coating chemistry
meets the target within the required % 207, but the coating struc-
ture and bonding were poor.

The first iteration of coating #3 was completed., This coating

required CVD Cr and Al as two of the three sequential steps.

The primary layer, Ni, was applied at G. E. by the electroless

Ni process. After deposition, the elemental layers were heat-
treated at 1065C (1950P in vacuum., The coating was examined

with respect to coating thickness (Table IX) and composition.

The coating thickness was within the % 20% range. Metallographic
analysis of the coating revealed unacceptable bonding and struc- .
ture (Figure 27). Coverage was incomplete and coating spalla-

tion occurred in several places.
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Figure 26

A computer plot of electron microprobe data showing
the distribution of Ni, Cr, and Al in a NiCr coating

-on NiTaC. This coating represents the first iteration

of coatingNo. 1 in Table I.
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TABLE VIII

- THICKNESS OF CANDIDATE COATINGS

' Target st 2nd” 3rd 4th
" Coating Thickness (Mils) Tteration Iteration Iteration Iteration

#1 NicCr 1.5 1.4 - - -
' : '
et #2 NiCr 1.5 1.2 1.4 1.4 -
]

#3 Ni-15Cr-20Al 2.0 1.5 - - -

4 Ni-15Cr-20A1 2,0 2.5 . 2,0 2,0 -

i+6 Ni-20Cr-10Al 2,0 1.8 - 1.8 2,0
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Figure 27

A photomicrograph showing the unsuccessful attempt

at coating #3. The deposition sequence consisted of
electroless Ni, CVD Cr, a diffusion heat treatment
CVD Al and a diffusion heat treatment. Note that no
aluminiding was achieved. (Coating #3, lst iteration)
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Based on the observations made so far, it is highly doubt-
ful that the CVD process could be used to produce internal
NiCrAl coating, and, therefore, was not investigated further.

Coating of DBTT Specimens:

A NiCr coating #2 was successfully deposited on five DBTT
specimens of NiTaC. The coating sequence consisted of electro-
less Ni, a diffusion heat-treat 1065C (1950F), slurry Cr depo-
sition and final processing at 1038C (1900F). The macroscopic
appearance of this coating on the DBTT specimen is shown in
Figure 28. The coating has a smooth metallic appearance. The

microstructure of the coating is shown in Figure 29. Good bond-

ing and structure were observed, and a total coating thickness
of 1.5 mil was achieved.

An evaluation of the coating #2 DBTT was carried out by
progressively straining the samples at four different temperatures.
Samples were examined for cracking optically using a fluores-
cent penetrant after each strain increment was applied. The
results are presented in Figure 30. The finding was that the
DBTT of coating #2 (NiCr) falls between 704C (1300F) and 760C
(1l400F) with a ductility of .0137 cm/cm (0.0054 in/in) at
760C (1400F). The poor performance of this coating is not under-
standable at this stage. It could possibly be due to an in-
fluence of substrate elements diffusing into the coating. .

The determination of DBTT for coating #4 was performed at
four temperatures, A plot of % strain vs. temperature (Figure 31)
shows that the ternary NiCrAl coating (electroless Ni + slurry '
Al) is perfectly satisfactory to meet the requirements of a
minimum of 0.67% coating strain capability and a ductile to
brittle transition temperature of <760C (<1400F). Hence, the
objective of this program in selecting a final coating system
with desirable strain capability seems to have been met.

Based on the observations made so far, it was decided to
delete three CVD coatings and continue with the three GE developed
coating systems. Moreover, it became clear that AF 3116A (NiTaC)
is no longer expected to be used in gas turbine airfoils pri-
marily because of unacceptable transverse low cycle fatigue
properties. NiTaC-14 has now been selected to replace AF 3116A.
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Figure 28

A NiCr coating on DBTT specimen of AF NiTaC. The
coating sequence consisted of electroless Ni, a diffu-
sion heat treatment 1065C (1950F) - 4 hrs. and slurry
Cr (coating #2 in Table I).
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Figure 29

A NiCr coating deposited on NiTaC DBTT specimen. The
deposition sequence consisted of electroless Ni, a diffu-
sion heat treatment 1065C (1950F) - 4 hrs, and slurry Cr,
This represents a successful attempt to coat a DBTT specimen
with coating #2 in Table I.
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It was also felt that, because of different coating behavior
characteristics, it would be premature to initiate any effort -
at this time on NiTaC-14 until further alloy efforts are completed.
As a result of these circumstances, the Contract NAS3-21038

was redirected to analyze, and report on the technical work
generated so far in the program., The data provides base technology
information which could be utilized by the commercial aviation
industry now or in the future with other alloys and with other
engines. : : :

'(7) DISCUSSION

Currently, the best opportunity for development of internal
coatings exists in the well studied metallic coating compositions
of the MCrAl (M = Ni, Co or Fe) type. The phase diagrams,
oxidation and corrosion behavior of MCrAl type coatings have been .
well documented (8-10). 1In addition, substantial engine experience
is available on these coatings applied externally to turbine parts,
and the results to date have demonstrated superior oxidation and
corrosion resistance. ' ‘

The key feature which provides the excellent oxidation and
corrosion resistance of MCrAl coatings is the ability to generate
a dense, adherent Al,0, protective scale. The function of Cr is
to promote the activ%t% of the Al in the MCrAl. It also improves
the material ductility which is needed for application to advanced
DS alloys. For internal coatings, because of the lower gas stream
velocity, lower metal temperature and less thermal cycling effects,
the NiCrAl system should be adequate for our engines.

Ductility of coatings is an important consideration since
cracking of a coating at blade operating strains can lead to
propagation of the cracks into the substrate. Internal coatings
must have adequate ductility over the entire range of operating
strains and temperatures, which may be as low as 750C (1400F) in
some locations. For instance, at some internal surface locations
of an advanced DS blade, a strain as high as 0.6% can be reached.
In particular, DS eutectic blades have a lower longitudinal
modulus than conventionally cast alloy blades under given stress
conditions, and this will produce larger blade strains. The

- coatings, internal and external, must have a ductility that
‘accomodates the higher strain, or it will crack and concentrate

stresses for crack propagation into the DS blade alloy. For
advanced engine applications, aluminide type coatings do not have
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sufficient ductility for all areas of DS eutectic blades, i.e.,
they crack with less than 0.3% strain at 750C (1400F) and this is
considered to be quite inadequate. Moreover, there is additional
room for the super-position of thermal strains on top of the
mechanical strains., Figure 32 is a comparison of coating ductility

of NiAl (Codep) and NiCrAl (EA) type coatings at various temperatures,

The superior ductility of NiCrAl coating has been demonstrated in
recent F10l1 engine tests.

Compositional compatibility of the internal coating with the
substrate alloy is necessary since deleterious phases can be formed
by interdiffusion of the coating and substrate elements. Examples
of this are the single aluminide diffusional coatings which form
small amounts of sigma intermetallic phases with standard nickel
base superalloys (such as Rene' 80 and Rene' 125). With more
advanced turbine blade materials, such as. the AF NiTaC alloy, com-
patibility is even more important. Interdiffusion of coating
elements with the substrate may cause dissolution of the aligned
TAC structure resulting in loss of strength. Past experience has
indicated that the NiCr or NiCrAl type coatings have the capability
to meet the stated environmental requirement. - ' '

(8) CONCLUSIONS

(1) A process for internal coating of DS NiTaC aircooled
blades has been identified. It is based on the use of
electroless (Ni hydrazine process), slurry Cr and slurry
Al. Parameters for thickness and composition control
were also optimized, -

(2) Chemical vapor deposition techniques for Cr and Ni did
not prove satisfactory.,

(3)  Results of DBTT tests indicated that NiCrAl coating
#4 (Ni-15Cr-20Al1) performed best of six coatings in-
vestigated and met the minimum strain and transitign
temperature requirements, (min., 0.6% strain at 760°F
(1400°F)) .
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Figure 32 Coating Strain Capability as a Function of Temperature

and Type of Coating System.
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P.0. BOX 92992
LOS ANGELES, CA 90009

MR. D.E. LEVSTER
BABCOCK AND WILCOX CO.
BOX 1260
LYNCHBURGH, VA 24505

MR. H. DOFRING BLD 53-316
GAS TURBINE PROD. DIV.
GENERAL ELECTRIC CO.
SCHENECTADY, NY 12345

PROF. A.J. MCEVILY
METALLUEGY DEPT. U~136
UNIVERSITY OP CONN.
STORRS, CT 06268

MBR. P. J. VALDEZ

CHIEF MET. BNG.

SOLAR TURBINES INT'L.
P. 0. BOX 80966

SAN DIEGO, CA 92138

MB. C.F. CHENG
SCIENCE APPLICATIONS INC,
1211 W. 22ND STREET ~
CAKBROOK, IL 50521

DR. J.A. FRIEDERICY 93031
AIBESEARCH MPG. CO.
2525 W. 190%H ST.
TORRANCE, CA 90509



MB. F.P. NITZ
ROCKETDYNE AC37
6633 CANOGA AVE.
CANOGA PARK, CA 91304

PROP. A.L. KAYE
PURDUE UNIV.
CALUNET CAMPUS
2233 171ST STREET
HAMMOND, IN 46323

MR. C.P. MUENCH (36802)
GENERAL ELECTRIC CO.
10004ESTERN AVE.
LYNN, BMA 01910

MR. F.M. ANTHONY (B-81)
BELL AEROSPACE CO.
P.0O. BOX ONE
BUFFALO, NY 14240

DR. JOHN H. GERSTLE
THE BOEING CO.
P.0. DOX 3707
SEATTLE, WA 98124

MR. J. NEWHART (PE62)
NAPTC
TRENTON, NJ
08628

MR. LESTER B. ENGEL JR.
CHIEF METALLURGIST

BROWN BOVERI TURBO. INC

711 ANDERSON AVE.
ST. CLOUD MN 56301

ACQUISITION DEPT. (25)

NASA SET INFO. FACILITY

P.0O. BOX 8757
BALT-WASH INT AIRPORT
MARYLAND 21240

METCO INC.
MR.D.C. COLTER HGR,SP.HMKT
1101 PROSPECT AVE.
WESTBURY, L.I., NY
11590

PRATT AND WHITNEY AIRCRAFT
ATTN: D. SCOTT DUVALL
400 MAIN STREET
E. HARTFORD, CT 06108

MR. DONALD MCGRATH

- MATERLALS ENGINEERING
AIRESEARCH MFG. CO.
2525 WEST 190 TH STREET
TORRENCE, CA 90509

#P. SYLVESTER LEE
APML/LTH
WRIGHT-PATTERSON AFB
OH 45433

KER. ROBERT BECK

NAT. DEV.GEMANOUF. ENGR.
TELEDYNE CAE

1330 LASKEY BD.
TOLEDO, OH 43612

AIRESEARCH MFG. CO.
ATTN:DR. T.E. STRANGMAN
402 S. 36TH.

PHOENIX, AZ 85010

NASA

ATTN: LIBRARY

AMES RESEARCH CENTER
MOFFETT FIELD, CA 94035

UNITED TECHNOLOG1ES, INC.
ATTN: MR. F. S. KENMP
POWER SYSTEMS DIVISION
SOUTH WINDSOR, CT 06074
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HR. C. A. PRATT,JR.
AFML/MXE

WRIGHT-PATTERSON AFB
OH 45433

HR. MACHALA DRDTA-RGR
ISA TARADOOM
PROP. SYS. DIVISION
WARREN, MI 48090

METCO, INC.~-SUITE 809
ATTN: MARC P. LIPINSKI
21010 CENTER RIDGE RD
CLEVELAND, OH 44106

NASA
ATTN: MR. GENE CATALDO
GEO. C. HMARSHALL SPC CT
MARSHAL SFC, AL 358121

Mk. R.E. ENGDAHL, PRES.
DEPOSITSECCHPOSITES INC.
318 VICTORY DRIVE '
HERNDON VA 22070

DR. DONALD H. BOONE
DEPT.MECH. ENGR.,CODE 69BL
NAVAL POSTGRADUATE SCHO
MONTEREY CA 93940

MR. MURRAY
ARMY RESEARCIHl OFFICE
PO BOX 12211
RESEARCH TRIANGLE PARK
NC 27709

ELECTRIC POWER REA INSTIT
ATTN: VANCE COOPER

P. O. BOX 10412

PALO ALTO, CA 94303



METCO INC.
DR. P.C. WOLF DIR.OF ENGR
1101 PROSPECT AVE.
WESTBURY, L.I., NY
11590

NAVAL SEA SYSTEMS COMMAND
ATTN: S.B. SHEPARD
CODE 5231 .
WASHINGTON, DC 20362

MR. B. GOLDBLATT
AVCO LYCOMING DIV.
550 S.MAIN STREET
STRATFORD, CT 06497

DR. G.W. GOWARD

PRATT & WHITNEY AIRCRAFT
UNITED TECH. CORP

400 MAIN STREET

EAST HARTFORD CONN 06108

MR. N.B. ELSNER,
MGR.,ADV.MAT'LS BR.
GENERAL ATOMIC CO.
P.0O. BOX 81608
SAN DIEGO, CA 92138

DF. J. H. DAVIDSON

INT. NICKEL CO. INC.
STERLING FOREST

SEELEY W. MUDD BLUIDING
NEW YORK, NY 10027

DR. LOUIS CANIS
WILLIAMS RESEARCH CORP.
2280 WEST MAPLE ROAD
WALLED LAKE, M1
48088

HR. R. GREKILA
HESTINGHOUSE ELECTRIC
RESEARCH LABS
BETLAH BRD.,CHUBRCHILL BLD
PITTSBURGH, PA 15235

PROF. R.A.RAPP

116 WEST 19TH AVE.
OHIO STATE UNIVERSITY
COLUMBUS, OH 43220

PROF. L.SEIGLE

DEPT. OF MAT'LS SCIENCE
STATE UNIV. OF NEW YORK
STONYBROOK, LI NY 11794

DR. EARL R. THOMPSON
MGR. MATERIAL SCIENCE
UNITED TECH. RES.LAB.
EAST HIIARTFORD CO. 06104

COMBANDING OFFICER
ARMY MAT.EMECH. RES. CTR.
ATTN:zM. LEVY AMXMR-RM2
WATERTOWN,MA. 02192

MR. R.FP. KIRBY,SUPV,
MATERIALS ENGR.DEPT.93-39
AIKESEARCH COMPANY
111 S. 34TH STREET
PHOENIX,ABIZONA 85010

DR. R.C. TUCKER JR.
LINDE DIV.
UNION CAKBIDE CORP.
1500 POLCO STREET
INDIANAPOLIS, IN 46224
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PROF. H. HERMAN

DEPT. OF MAT'LS SCIENCE
STATE UN1V. OF NEW YORK
STONYBROOK, LI NY 11794

DR. R. BLATTON,MuR
CERAMIC SCIENCE
WESTINGHOUSE RES. LADS.
BEULAH ROAD
PITTSBURG, PA 15235

MR. G.J. WILE
POLYMET CORPORATION
1597 CHESTER ROAD
CINCINNATI, OH 45215

MR. G.R. SIPPEL
SECTLON CHIEF -DEV. LAB.
D. D. ALLISON DIV. GHC
DEPT 5827-%8, PO BOX 894
INDIANAPOLIS, IN 46206

MR. R.STUEBER
CHROMALLOY R&T
BLAISPELL KOAD .
ORANGEBURG NY 10901

DR. R.F. BUNSHAH
MATLS. DEPT.

6532 BOELTEL HALL

U. OF CALIFORNIA

LO5 ANGELES, CA Y0024



~

DO NOT DETACH FROM REPORT
PLEASE LINE THROUGH YOUR NAME
BEFORE RETURNING TO THE LIBRARY

Name

Mail Stop

@ C adao

44

g

NASA Langley (May 1979}

MSD-TLB N;’f/




