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SUMMARY

The current lack 2f a standariizel =2valuation test for
the hot corrosion rasistance of coated alloys has promptel
ASTM Committee C-22.6 to initiate a round robin prograns.
While participating ia this program L2RC coniuncted an
investigation not only to fulfill the rounil robin
requirements to evaluata coated superalloys under contralled
test conditions but to provil2 a description >f the

corrosion process by which the coatings failed.

Two commercial aluminiz=3d coatings 2n three
substrates (IN-713C, IN-100 and B-1900) wera aot corroi=d at
900°C in a 0.3 mach buraer rig with 5Sppm sSynthetic sea salt
and at two cycling frejiencies. Fttensive pos -exposure
examinations were conducted on thz corrsded specimens such
as metallography, x-ray diffraction, scanninj 2lectron
microscopy, microprob2 raster scans, and spectrographic
analyses. Thermodynamic calculations were made of the
equilibriam burner flamz composition and the calculatioans
were compared to the experimemtal findings.

It was found that localiz23 soalliny 9f tae c2atiags
preceded coating failure. It was suggeste? that the

spalling of th2 coatinjs was due to the formation of



localized stresses caused by the dapletion of chromium and
aluminum in the coatiag 3r th2 enrichma2nt of the cdoatiaj
vith sulfur. Por the materials and test conditions
investigated, it was fourd that coating life was depenjent
only upon the initial coating thickness and nd>t on the type
of aluminized coating, the substrate, or ths zycle

frequency.

INTRODOCIION

As new zoatings f>r gas turbine blades and vanes are
developed to recist hot corrosion attack they are commonly
evaluated in burner rij tests to astablish th2ir protection
ability (r2f.1). Curr2atly thar2 is no stanlari =2valuation
test, Thus, it is 3ifficult to compare or to use the test
data frowm different laboratori=ss. For this reason ASTHY
Committee CT-22.6 initiated a round robin prograz d2n thz hot
corrosion 5f coated superalloys with L2RZ as on= of tho
participants. LeRC hal previously participated in the round
robin on the hot corrosion of uncoated superalloys in which
15 laboratories exposa3 identizal azaterials using similar
test conditions (ref.2). A coaparison of th=z rasults
revealel that the participants v=2re in fair agreement as to
those alloys with the most and with the least corrosion
resistance but they wer2 unabl= to iraw a fin2r comparisoa.

In the present pra>jram th2 participants ware rejoired
to expose, at 900°“C, t#o commerical aluminide coatings
applied to IN-713C, IN-100 and B-1900. Exposure was to> be

in the combustion gases 5f a burner rig containing synthetic
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sea salt. The initial thicknesses of the coatings were to
be measured and the tin2 to coating failure racoriled.
Duplicate runs were to be made using ten minute cycles.

At LeRC this program was extended bayonl that required
by the ASTE Committ22 in an atteampt to identify the
corrosion process. Thz additional effort towards this eni
consisted of another s~t of burner rig =xposurss at a
different cycle frejuerncy and of extensive post-=2xposare
examinatioas of the speciazems, using metallography, x-ray
diffraction (XRD), scaiaing electron microscope (SEM),
electron microprobe raster scans and spectrographic
analvses. Also thermodynamic c-alculations war2 made >f the
equilibrium burner flams composition at th=2 varioas
temperatur2s, including 900°cC.

This paper pra2s=2ats the coanbined results of LeRl's
contribution to the round robin on tha hat corrosion of
coated alloys and a description of the corrosiom process by

wvhich thesa2 coatings failed.



EXPERIMENTAL PROCEDURES

Specimens

The substrate allyys used in this study were IN-713Z,
IN-100 and B-13900. Each substrate was coated with two
different aluminide coatings identifi=d by the ASTM
Committee only as coating A and coating B.

In all, there were six substrate-coating combinatioas,
three substrates each with two different coatings. Test
specimens 2f these six combinations and the uncoated alloys
were cyclindrically shaped, about 1.3cm (0.5 inches) in
diameter by about 7.6cm {3 inches) lonj.

In order to conserve specimans, the as-ra2ceived
evaluations were male after the burner rig exposures on the
base of th2 specimens (that leangth within the holder).

These evaluations consisted of determininc the initial
coating thickness, XRD, and metallography. The initial
coating thickness was measured on metallographically
prepared cross-sectioas with a microscopic cathetometar at a
magnification of 100X. The coating thickness is defined in
this program as that 3distance from the surface of the
specimen to the visually nnaffscted substrate. Thus,
coating thickness includes the 3iffusion zsne beneath the
coating proper. The measured values are list2i in Trable I
along with the values from the vendor. FExcept for coating A
on IN-713C, the agr22m2nt with the unidentified vendor's
values are considered jyood. The predominate phase detectel

in the coating by XRD was



BNiAl (b=ta nickel alininide). In most cases weak lines of
alpha alumina, a512g3, dere also observed, see Table II.
Figure 1, (a) through (f), shows the microstructare >f the
as-received coatings 3aad their substrates. Both coatings
have complex micros*ructures with the structure of the
diffusion zone dependeat upon th2 substrate. With the
B-coatings even the structure >f the coating proper seenms
somewhat dependent on the substrats. Elemental analysis by
the scanning electron microscope's energy dispersive x-ray
spectrum shows that the dark particles in coatingy A t> be
predominat=ly (aluminun) Al, probably

aA120 in correlatiosn with the IRD results. 1In both

3
coatings (A and B) the elemental distribution is
qualitatively the same. As an example of this distribation
the details for coatiny A on IN-713C will be givan. In the
coating proper, figaore 2(a), the intensity of the (nic'=2l),
Ni, peak predominates. The (chromium), Cr, and the Al peaks
are about the same heigjht, about 1/5th that >f the Ni opeak.
There is also a slight indication of a (titanium), Ti, peak.
The Cr intensity increases slightly near the 1iffusion zone,
figure 2(b). 1In the diffusion zone just below

the coating proper th2 Ni and Cr peaks have about the same
height, figure 2(c). There ars also a small (molybdenanm),
Mo, peak a slight Al p=23k and an indication >f a Ti peak.
In the diffusion zone near tha2 sudstratz, fijur=2 2(4), the
Ni peak again predominates, the Cr peak has 3=2cr=ased anid
the Mo and Al peaks have remained about the same. There is

here a measurable Ti p2ak. 1In the substrate near its

interface with the diffusion zone, the relative peak heights



are Ni>>Cr>Mo> Al >Ti, figure 2(e).

Burn2r Rig Proceiures

A listing of the burner rig parametars ani the
“pecimen’s temperatura profile are given in Table III. The
rig was operated at a velocity of 0.3 mach and used type A-1
fuel (ASTM D-165%) with a sulfur content of 0.02 to 0.05
weight percent. Synthatic sea salt (ASTY D-1141) was adied
to the combustion chambher at a concentration of Sppa. The
rig acconmodated up to 2ight specimens. Each specimen
extended 5.08cm (2 inchas) above the specimen heliaer. The
temperatur2s were measared optically and corrected using the
value from a calibration runm in which a thermacouple was
embedded within the center of a similarly shaped Jdumnmy
specimen, 2.54cm (one inch) from its top (th2 middle >f the
hot zonz2). Three sets >f tests were conducted: (1)
Duplicate runs of coat2i alloys cycling 10 minutes at
temperature and thres minutes of forced air cooling; (2)
Singular runs of uncoated alloys using the saze cycle as in
{1y and (3) Singular cfun of coitedl alloys cy=ling ona hour
at temperature and thres minutes of forced air cooling. The
first two sets w2re Ro2ind Robin rejuirements while the
latter was extra inordar to determine if cycle frejuency
affected spalling.

During all runs the specimens wer=2 p=2riolically
inspected and weighed. TInitially this was done after each
20 cycles. But because of the short lives of the coatings,

the interval was shortaned to 2very five cyclas. The



inspection consistel of a binocular examination at a
magnification of 10X for the purpose of 3a2termining coating
failure. Coating failure was defined by the ASTM Round
Robin directive as the appearance of a random pit with a
diameter 1270 microns (50 mils) or greater which penetrateil
to the substrate. CZomplete penetration was disceranible by
the presence of green >xide in the pit. The color of the
oxides froan the coatinys ranged from brownish to blue-green
and were readily distinguishable from the green-yellowish
oxides growing within the pits {(or on th= uncoated
substratesj. The uncoated alloys were arbitrarly e2xp>s=3

for 40 hours.

The post burner rij evaluations of the specimens were
mostly made in the area of the hot zona and consisted »f
XRD, spectrographic analyses, metallography, SEM, and FNP
raster scans.

Thermodynamic calcalations were mads usingy the data and
the NASA computer program described in ref. 3. This
computer program is based on the mirimization of free eonergy
approach to chemical ejuilibrium calculations subject to the
constraints of maintaining 3 propar mass balaace betwee2n
reactants and products. The program can hanllse
simultaneously up to fifteen s=2parate reactants com_>jsed of
up to fifteen chemical elements and calculates the
composition of product mixtures zomposed of up to 150

separate condencsed or giseous species.



RESULTS

Weight change results are givan in fijures 3, (a)
through (f), for the 10 minute cycle runs ani in figure 4,
(a) through (c), for the one hour cycle runs. The 3Jata
points where coating failures were first observed are marked
with "F"., Most often coating failnre was preceded by a
Zecrease in the slope of the weight change curve, indicating
the on-set of spalling. It was observel that the spalliag
was not restricted ts the oxide scale. Th2 coating als>
spalled. Usually the zcoating began to spall shortly before
coating failure, i.e., the tim2 when the slope 2f the weight
change curves decreasel. For example, with cd>ating B on
IN-100 no spalling of the coating was obs=rva21 21p to 3)
hours at temperature, figure 5(a). After 30 hours the slope
of the weight change curve decreased, figure 3(d). After 45
hours the coating failed. A pit was observed in one of the
areas vacated by the spalled coating, figure 5(b). Failare
pits were often found in areas where the cdoating had
spalled. A magnified view of a pit in such an area is shoun
in figure 5(c). Thus spalling of the cvating is a factor in
coating failure.

Coating failure times are pra2sent2d in Table IV. The
data are for 10 minute cycle runs (duplicates) and for one
hour cycle runs. Rhen the 3ata ar2 spacified as time to
failure per unit injitial coating thickness it is seen that
specific time to failure is related essentially to initial
coating thickness and is apparently not dependent on cycle

frequency, substrate composition, or typs of coating (A o>r



B). Coating failure occurred randomly along the exposed
length of the specimen, i.e., sometimes in the hot 2zone
(zone of maximum temperature) ani other times above or below
the hot zone. MHNost oftan mors than one failure pit was
observed in the same specimen. In most of th2 coated
specimens failure occurred on that surface of the pin facing
away from the flame (the backside). It is probable the
backside temperature is higher than the flam2 side
temperature. The circalar arrangement of the specimens in
their hold=r may prevent the heat from radiating as readily
from the backside area as from the flame side. Jf the
uncoated alloys, IN-713C was the most corrasisn resistant
and IN-100 the least rasistant, figure .. But, as was a3ted
above, the substrate caesmistry apparently 3o2s not affect
coating life.

Table II lists the post exposure XRD results. The
predomninate oxide along the entire lenjyth >f 211 the pias
vwas GA¥333, Various crystalline forms of soliur sulfate
ver> observed but for simplicity they were all listed in the
Table as (sr *ium-sulfate), Na,S0 ). Figure 7, (a) through
(£) , shows photomicrographs of the cross-sections froa lhe
hot zones »>f the corroled coated specimens after their
coatirg hadl failed. Much of the oxide szale aas spalled »>ff
and that which remains is porous and therefore probably
non- protective. Beneath the oxide scale most >f the coating
still persists but it has undergon2 a Jdiscarnable change in
its morphology- In the area of a pit, fijura 8, the coating
is completely consumed and much of the oxide scale has

spalled. The retained scale is complex, porous and contains



long diagonal cracks. The energy dispersive x-ray spectrunm
provision 2f the SEM aad raster scans from ta2 =2lectron
probe reveal a depletion of the Al and Cr concentration in
what is left of the coating after corrusioi. This depletion
was observed in the coating propar and in the Jiffusion zone
and accounts for the chinge in the morphology of the coating
noted above. The distribution of the elements in the
substrate just below the diffusion zone was n>t alterejd. 1A
conparison of figure 9 with figure 2{c) proviles an exanmple
of the depletion within the diffusion zon2, particularly of
the Cr. The distribution of sulfur in the corrojeil
specimens is also of iaterest. This element was detected in
the scale near the scale-coating interface ani throughout
the coating proper but not in tha2 3iffusion zone. It was
found by raster scan 15 exist in clumps rather than being
uniformally distributed. Figqure 1) is an exampls of the
sulfur jistribution.

Results of the thermodynamic calculations are presented
in Table V. The imput to the zomputer projraa based 212 the
brurner i3 paraeters used in this Round Robin program are
listed in Tablz V{A}. Selccted products of tne computer
readout ar2 given ia Table V{(B}. Product concentrations
ate listed for two temperatures, 1660 - (the flame
temperature) and 900°C {(the maximum metal tenperature). The
condensed phases at 900~ were found to be Na2soh, M30,
{magnesia) and Ca0 (calcia). The molar ratios of their
cations were calculatel and compared to the concen: ~ation of
these elements found by spect >graphic analyses of the salt

condensed on the coated specin2ns. This comparison is
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listed in Table V(C) and is quilitatively in agreerment,
i.e., the amount of (sodium), Na, > (magnesium), Mg >
{calcium), Ca. OQuantitative agreement ought not to be
expected as the apalyz2d deposits condensed at various
temperatures due to the temperatur2 gradient along the
specimen as listed in Table IIY. Further tha computer
readout shows that Na,50) condensatiom is very temperature
sensitive. 1 30°C temperatare variation from 900°Z will
cause about a 457% change in the mole fraction concentration
of deposited Na,S0.

DISCUOSSION

A number of explanations to account for hot corrosion
have been published (ref. 4-9). An excellent review of the
entire field is given in ref.10. It is generally agreed
that the culprit in hot corrosion in gas turbine esngines is
Naasouw formed when ingested salt ir the air reacts with the
sulfur in the fuel,

2Nacl(g)+H20(g)+So3(g)=Na250 g) #+2HC1 (9)

h(
But a necessary condition for hot corrosinrn to occur is that
the Nagsohcondenses,

NaQSZ) h(g) = N62 SO'L‘ (c)

From Table V(B) it is s=22n that Na,S0 ), ought to be produced
in the burner flame and that it ought to condc-uyse o0 the
entire exposed surface 5f the specimens under the conditions
of this test. The experimental results confirm these
expectations. Along the entire exposed surface of the

specimen the presenca of sodium sulfate was 3Jatected by XRD
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and the cations of the predictad condens2l salts were
detected by spectrographic analyses. Thus failure pits were
found in the hot zone as well as outside the hot zone.

It has been observed thata A1203 scales are prone to
spall in cyclic tests, both in purs oxidation z2nd in hot
corrosivn (ref. 11). TIhe scales of tha zoated alloys in
this program do spall. But the scales cre porous and
probably non protectiva. So scale spalling is probably not
a significant factor in the corrosion procass. More
important is the fact that the coatings spall=d. The
spallation of aluminized coatings has bz2n obsarved befsre
(ref. 12). The spalling was attributed to the
susceptibilaty of th= brittle coatings ( a NiAl} to thermal
.hock. To orercome this the aluminuuw content of the
coatings was decreased (Lo 22-24 <2ight parcant) in that
study in the hope of l-.wering the Juctila-to- irittle
‘ransition temperature. Coating life was inci:ased but the
~oatings continued ts spall. Iau the present program the
spalling of the coatinys occurred randomly at small local
areas and sometimes extendei to the substrate thereby
direcvly causing a failure pit. Most orten tas spall 1id
not extend to the substzate but it 3id provide a shorter
path for courrosion to the substrate thus cr=ating a
tavora.Je site fov th2 formation of a failure pit. It is
also important to note that most of the coating did not
spall. Rather it corroded along a moze or less uniform
fiont. The localized nature of th=2 s=r ation of the
coatings suggests the presence of locai stressess in the

coati.Js. 7 eue stiesses need not have been present when



the coatings were fabricated but could have daveloped 3Juring
corr?sion as the result of the dspletion of 2lements ia the
~oatings such as the Al and the Cr or the enrichment of the
coatings with sulfur. Thkis sujggestion is comsistent with
the observation that the coatings 1id not begin t5 spall
until well into the test, i.e., shortly befor2 failure when
the slopz of their weight change carve began to decrease.

1f thermal shock had primarily caused the spalling, then the
coatings should have b2gun to spall immeijiately. Purther,
any shock induced cracks would provide n2w surfaces for
corrosion resulting in zorrosion fingers pana2trating through
the coating. But nd> c-acks in the coating or corrosion
penetra:ions were observed (se2 figure 7} . The development
of localized slresses is also consistent with the notel
insensitivity of failure times to chanj2s in cycle
frequency. During the interval reguired for the development
of stresses, differencas in cycle freque cy ought not affect
the process which at this stage is essantially a Jdiffusion
process. Jnce the strasses have 3avelop2d to tha2 point >f
exceedin, ..ating strenyth, the coating begins to spall anl
failure occurs shortly afterwards. The short interval
between the time tha coating ba2gins to spall and coating
failure mirimizes any influenc=2 cycle frzgusncy would have
during this stage of thsz process. It can be assumed that
the rechanism for failire is similar for both coatings as
they are both aluminide coatings with about the same
composition., This assumption implies that the A%203
particles in the A ¢oatings had no effa2ct on the corrosioan

process. Since the sabstrate compositions have remaiined
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essentially the same during ths corrosion process, neither
contributing nor depleting elements from the csatings, the
substrates should not play a major rols in th2 coatings'
failure.

Thus localized spalling of the coatings and the
formation of failure pits is the process by which the
coatings fail. The exact cause of the spalling of che
coatings is rot known. Since most 5f the coating corrodes
along a more or less uniform front it can be assumed the
spalling of the coatings is due to the 3sva2lopment of
localized stresses which may be r=latel to th2 depletion >f
elements from the coatiags or the enrichment of the coatings
by sulfur. Whatever the cause, coating life in this stady
was dependent only upon the initial coating tnickness and
not on the type of coating (A or Bj, th= substrate , or the
cycle frequency.

CONCLUSIONS

The conclusions based upon the results obtained in this
investigation of the hot corrosion of thre2 aluminide-coated
nickel base superalloys are as follows:

1) Por the materials and test conditions investigated,
time to coating failur2 is primarily dependent upon initial
coating thickness 2ad not upon coating type, substrate
compositior or cycle fregquency.

2) Coating ftailure is due to localizel spalling >f the
coating which leads directly to a failure pit or creat2s a
favorable site for the subsequent formation of a failure

pit.
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TABLE I. - AS-RECEIVED THICKNESS OF THE COATINGS

Coating Thickness

Substrate ‘
Alloy Vendor'!s Values
(microns; \
Goating A Coating®
00
™-T13C 51-58 91 21
9L
91
m™-1C" 76-8L Th 71
78
51
B-1900 76=-99 €1 91
76
91

% ueasurements made on the base of the specimen
completion of burner rig exposure. Measuremen

at two orientations 90° apart.

8L
71
91

71
76
89

81
89
99

00

79
86
89

66
58
71

61
56
L8

This Program's Values®
(microns)

Coating & E Coating B

909

900

76
9L
89

66
71
78

66
56
S1

upon
ts made

1
4

Cycle Interval
(minutes)

1c
10

10
10

10
60

L



Substrate

IN-713C

IN-T13C

IN-100

IN-100

B-1%00

B-1900

TABLE II, - X-RAY DIFFRACTION OF HOT CORRODED COATED ALLOYS

Distance From
Coating pks
cm

A

A 0.64 (1/4")
2,54 (1n)*
Leolh (1 3/4m)
Base

B 0.64 (1/4m)
2,54 (Am)*
’J»ollli (l 3/’4")
Base

A 0.6L (1/Lv)

2.54 (A")*
L.l (1 3/47)

# middle of the hot zone

Top of Specimen

Phases

(listed in order of decreasing line intensities)

41203, Napsoy, 2 (NAL), 2(NiyE)

Naps0),, 2

o<A1203; Nigso,i:: Ni0(7) i
»

AN X 1,03

XA1503, ¥/(NijAl), 2 (NiAl)
~Al>0 '

3 /
% Al,03, Na,S0y, /' (NijAl)

~Al03, N&y30),
;‘1233- Nﬁg%)i (N1441)

Al
a3, Snayn)
*A1,03, ;' ‘(Ni3Ad), N
ey | A M
“ligﬁ Na,S0), Y (Ni,A1)

"
- A1503, NagSOy, 1'{NijAl)
<A1503, Y/(Ni3A1), (NiAl), NapSOy
;(an), AA1504

XA1p04, 5(NiAl), Y *(11i3A1)
A1,03, 7 (NiAl), “(Ni3Al)
‘Al,03, " (NiAl), ¥‘(Ni3R1), NaySO),
(Ni&), /#(Ni3Al)



TABLE III. - BURNER RIG TEST PARAMETERS

RIGs O,3 mach Pratt-Whitney type.

FUEL: Type A-l, ASTM D-1658. Dissolved sulfur content over one
year period varied from 0.02 to 0.05 weight percent.

AIR/FUEL RATIO: Approximately 25/1 at one atmosphere pressure.
SALT: Sppm synthetic sea salt, ASTM D-11l1.

TEMPERATURE: Maximum metal temperature, 900°C. Temperature
profile given below.

CYCLE: Tem minutes and one hour exposures at peak metal perature
with three minutes cooling in forced air at 3.LX10% N/mé{Spsi).

Temperature Profile

Distance fro.n

top of specimen Temperature
(em) {inches) (oc)
0.64 0.25 860

1.27 0.5 882

1.9 0.75 896

3.18 1.25 86s

3.81 1.5 870

L5 1.75 837



TABLE IV, - FAILURE TIMES OF COATED ALLOYS

tm s e an cmeen ce e

Specimen

- -

IN-713C
Coating A
Coating B

IN-100
Coating A
Coating B

B-1900

Coating A
Coating B

Time to Failure
hours (cycles)

Specific Time to Failure®
hours per micron

- s

Ten Minute Cycles
(duplicate runs)

One Hour
Cycles

60 (360) | 70 (L20)
U5 (270) | 55 (330)

4o (240) { 4O (240)
Lo (2k0) | 45 (270)

55 (330) | 55 (330)
40 (2u0) | ko (240)

60 (60)
70 (70)

30 (30)
55 (55)

55 (55)
u5 (u5)

Ten Minute Cycles One Hour
(duplicate runs) Cycles
0.7 | 0.8 0.6
0.5 0.7 0.8
0.5 006 003
0.6 0.7 0.7
0.6 0.7 0.6
006 007 009

*Time to failure divided by the initial coating thickness.
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TABLE V. - THERMODYNAMIC ANALYSIS VIA COMPUTER PROGRAM

(A) PROGRAM INPUT!

Fuel composition (ASTM D-1655):

Sulfur content of fuel
Fuel inlet temperature
Composition of air

Moisture in the air

Salt concentration
Salt composition™*

Pressure
Inlet temperature
Air to fuel ratio

o oe e

CHy _918c, AH298%= -5300 cal/moles
O.&g weight percent

2989k

N(1.56176), 0(0.41959), Ar(0.,00932k),
C(0.,000300), Aiipggog= -28.2 cal/mole
one weight perceng (arproximately
50% relative humidity at 298°K)

Sppm

salt weight percent
Nall —_%B'%—‘

NapS0), 11,456
CaCl, 3.25
KC1 1.93
one atmosphere

2980k

25/1

# Program and data from rer, (..} Je
#% The five most abundant inorganic salts which make up the ASTM
standard substitute ocean water (ASTM D-1141).

(B) PROZRICT CONCENTRATIONS

Species

NaZsor (Sionsa)
a q
Cab (gas)

Ca0 (solid)

MgO (gas)

Mg0 (solid)
NaCl (gas)
S02 (gas)

SO{ (gas)
HC1 (gas)
Hp0 (gas)

i
;

!

Concentration
(mole fraction)
1560°¢* 900°c*
1.900x10-15 L.650x10-6
) 5,5207x10-7
5.549x10-11 1.473x10-22
0 L .0286x10-8
9.73kx1077 7.204x10-18
0 2.0997x10-;
5.7198x10-8 5.7487x10"
2.146x1025 1.9461x10~3
3.260x10" 3.4197x10-2
1.9305x10 1.5390x10
1.0886x10-1 1.0953x10"1

# 900°C is the maximum specimen temperature and 1447°C is the

burner flame temperature.

(0) COvPARISION WITH SPECTROGRAPYIC ANALYSIS

Molar Ratio

Spectrographic
analysis
(Na / Mg / Ca)

“camputer output

(Na / Mg / Ca)

15.1/5.2/1
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(a) Analysis of elerenis i:idway within the
coating propars

{b) Analvysis of eleme ts in the coating proper
near the diffvsion layer.

Figure A, = Energy dispersive srecir for elere ts 10 coating A oo
Di-713C, as-received,




{c) Analysis of elements in the dilfusion layer
near bhe coatiug proper.

(d) Analysic of elemeibs in the diTusion layer
near the subsirate.

Figure 2, ~ continued
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(a) M-100 Coating B corroded {b) IN-100 Coating B corroded (e} IN=T13C Coating B. Area of
30 hours, 10 minutes cycles. LS honrs, 10 minutes cycles, apalled coating with corrosion
Coating has not spalled. Coating has spalled, pit. Magnified about 10X,

Figure §. - Spallaiion of the coating and the development of corrosion pits.
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Figure J. - Corrosion of uncoated alloys in the 0.3 mach
burner rig after L0 hours exposure to Sppm synthetic ssa
salt and with 10 minute cycles.




(a; Di-713C Coating ﬁ Liot zone, Corrodad
990%, 70 hours, 10 ninute cycles.

T30 Goabicg Bhot 2ono.
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(¢) IN-100 Coating A hot gone. Corroded
900°C, hO hours, 10 minute cycles.

(d) Di-100 Coating B hot zone. Corroded
900°C, L5 hours, 10 minute cycles,

Firure 7. = continued




(e} B-1900 Coating A not zone. Corroded
900%C, 55 hours, 10 minute cycles.

{f}a Bl 500 Coating | zone, Corroded
900°C, 10 hours, 10 minute cycles.

Fipgure 7. - concluded
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