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SECTION I

IN TRODUCTION

The objective of the program is to demonstrate the feasibility of using a
sing le diffusion coating process suitable for re-app lication of aluminide
protective coatings to various superalloy components during overhaul of
Air Force aircraft gas turbine engines. Further , the process shall be
applicable to sing le blades and multiple vane segments producing a uniform
codt ing which is comparab le  in protection proper t ies  to the variety of coatings
~.resent1y applied by pack cementation, fused slurry, hot dipping and
electrophoretic deposition . Several versions (some proprietary) of each
of these processes are used to coat various original equipment Air Force
tu rb in e engine parts . Likewise, similar processes are used to re-app ly
coat in gs to r e f u r b i s h  the parts  during overhaul .

The deve lopment  of a single , n o n - p r o p rie ta ry  process  for  appl y ing
p e r f o r m a n c e  equivalel ts of the var ious  coatings now used in Air  F~~rce
o’,-e r h a u l  opera t ion s o f fe r s  a cost  and time effec t ive  oppor tun i ty  for
r e c o a t in g engine  se rv ice  hardware at the AFLC overhaul  facilities . It
was  n e c e s s a r y to d e m on s t r a t e  the sui tabi l i ty  of the coating for  the var ious
a lloys and components  used in Air Force tu rb ine  eng ines .

Ln addi t ion to being n o n - p r o p r i e t a r y  the coating process  mus t  be amenable
t o  instal la t ion and employment  at an Air Force overhaul fac ilit y .  Also ,
d e m o n s t r a tion and validation of the coat ings  as qual i f ied al ternat ives  fo r
spec i f i c  ha rdware  for  each par t i cu la r  eng ine was required .

To ac hieve the object ives  of the p r o g r a m , Detroit  Diese l  All ison proposed
the util ization of their  elect rophoretically applied coating identif ied as
AEP 32 . The p rocess  is l icensed for  use b y the U. S. Government  per
C o n t r a c t  D A A J - 6 9 - C - 0 4 1 2 . Facili t ies requi red  for  the AEP p r o ce s s es  a r e
re l a t ive ly s i m p le and cos t s  less than for  most conventional a luminide
p r o c e s s e s . A llison E le .t rop horet ic  Process  (AEP)  fac i l i ty  has be en
operational in production at DDA for  more than four  y e a r s  appl y ing AEP 32
coatin g to Model TF 41 turbin e blades . Also , the coating has been u t i l ized
on tu rbine components  of o ther  developmenta l gas tu rb ine  engine s such as
the Model XT 701 with  good success .

An AEP alurninide coating can be tailored to meet a v ar i e t y of spec i f ic
t u r b i n e  component  r equ i rements . The AEP 32 ( A l - C r - M n )  composi t ion
was  d eveloped to overcome thermal  racking problems encounte red  with  the
DDA pack cementat ion coating (Alpak)  and at the same time hot  cor ros ion
re s i s t ance wa s im p roved . The AEP 32 coat ing has shown ex cel 1ex ~~ per formance
and appl icabi l i ty  to a va r i e ty  of superal loy  subs t ra te s in an AFM L ‘ evalua tion
p r o g r a m  which  included the coating on five nickel  base and one cobalt  base
alloy.

( 1 )  A F ML  TR- 7  1 - 173 , Volume II , Compara t ive  Evaluat ion of Coated Al loys
for  Turb ine  Components  of Advanced Gas Turb ine  Engines.  K.~ H. Ryaii.
J a n u ar y  1972. 
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The AEP Coating Process is based on the principle that migration is ob-
served when an electrical potential is applied to two electrodes immersed
in a dispersion of charged particles . An electrophoretic cell is shown in
Figure 1-1 . When the dispersion is properly formulated , the suspended
particles will deposit upon one of the electrodes . Electrophoretic deposition
differs from electroplating in that particles of any composition rather than
ions are deposited. As compared with physical vapor deposition , electro-
p lating,  spray ing, or di pping, the electrophoretic , procedure  is par t icu larl y
suited to applying coatings to non-uniform geometries , bec au se , as the
coating deposits on external areas and edges they become insulated and the
effect ive  deposition shifts to uncoated areas . The AEP procedures utilize
fine particle s dispersed in a low viscosity polar liquid. Empirically de te rmined
coatin g weights are electrophoretically deposited upon turbine components .
The coated artic le s are then subjected to thermal t reatments in a suitable
environment  (h ydro gen , vacu um and argon have been, used successful ly) fo r
times necessary to produce substrate coating s with the desired structure .

2

- --- . --- -~~~~~~~~~ ~~~~~~~~~~ - - .- ~~~~- . .-~~~ .-- . -- -- 
~~~~~~~~~~~~~~~~~



- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- - - -~~~

—---
~~

- - — ~~~~~
--

~~I
’ IL ~~I I

I c~ o~~~
I CD

L 
C D I

~~~~
C 

-— .
E

>.. I
—

~~~~~-- — o
0

LU 
_ _  _

.
..

~~~~

_ _ _ _

U - ‘ ‘
—

.
~~~~ 

~~~ - ~~, 
_3

U U, ~~~~~~~~>~~ v,

I— =~~~- 0 0

Lii _ _  
:.

~~~~~~~ ~- E
I— . 

~~~~
- .,-- .- —

i.

u~~~~~~~~~~~~~~~~~~

Figure 1-1

3

—



- —.--—.—— — .—~ —..—.—-. - .— —. .-- ---——- - —.-——

SECTIO N II

PROGRAM GOALS AND APPROACH

The development effort  described in the following sections was directed
toward meeting three program requirements , which are: (1) Select and
evaluate a suitable cost effective single coating process; (2) Refine the
coating process and demonstrate its efficiency for each program alloy;
and (3) Verify equivalence in protective capth ility and lack of degradation
in component performance after coating for selected Air Force turbin e
components.

To reach the objectives and pe rformance goals of this development effort ,
a comprehensive five task program was conducted as outlined in the sub-
sequent paragraphs.

— TAS K I SELECTION AND SC REENING EVALUAT ION OF COATINGS

• Apply AEP 32 and baseline coatings to program alloy test specimens
for  the initial screening evaluation .

• Perform hot corrosion tests and creep rupture on coated turbine blade
alloys and s t ress  rupture  test on the coated C 1023 vane alloy .

• Compare results f rom the AEP coated specimens with those c oated
with the baseline test coatings (current  production and overhaul coatings).

• The alloy s selected for  the program and their baseline tes t  coating s
are as follows:

Alloys Baselin e Coatings

B 1900 ( P W A  663) PWA 73

Rene 80 (GE C50T48-58) Codep B - I

C 1023 (EMS 73669) Alpak

Alloy 713C (EMS 73632) Alpak

TASK U OPTIMIZATION AND REFINEMENT OF COATING VARIABLE S

• Optimize and ref ine , as required , the AEP 32 pro~ essing paramete rs ,
coating compositions and thicknesses as dictated f rom resul ts  of
Task I.

TASK III EVALUATION OF SELECTED ALLOY , ~OATING COMBINATIONS

• Select and appl y al loy/coating combination f rom Tasks  I and II.

4
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• Compare the AEP 32 coating and the baseline coatings results on
the following:

Tensile properties High cycle fatigue (blade alloy)

Oxidation/Erosion Low cycle fatigue (blade alloy)

Thermal fatigue (vane alloy)

TAS K IV COATING OF TURBINE COMPONENT HARDWARE

• Coat designated turbine components supplied by AFML by the
demonstrated AEP 32 coating process from Task III.

• Evaluate the following :

Masking and Fixturing Techn iques

Coating Thickness and Uniformity

Coating Inspection Techn iq ues

TASK V DOCUMENTATION OF OVERHAUL RECOATING PROCEDURES

• Prepare documentation of the coating process development and draft
process specifications suitable f or use by Air Force Log istic s Center .

S Make recommendations for scaleup to production level.

5
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SECTION LU

EXPERIMENTAL PROGR AM

3. 1 TASK 1 SELECTION AND SCREENIN G EVALUATION OF COATINGS

3. 1. 1 Cast Test Specimens

• Material Qualification The materials used in this program
were vacuum cast into various specimen configurations by
Detroit Diesel Allison foundry. Chemical composition and
mechanical properties data which qualified the various heats
of alloys are listed in Tables 3-I through 3-IV .

Table 3-I

Heat Qualification Data for C 1023 Alloy

Material Specification Vendor Heat No.
— 

EMS 73669 (DDA) Central Foundry Div. NK 554

- S 
Composition Analysis Spe cific atiori

Carbon 0. 12 0. 12-0 . 18
Manganese <0. 05 0. 20 max.
Chromium 15.73 14.5-16 .5
Molybdenum 8.4 7.6-9. 0
Silicon <0. 1 0.2 max ,
Iron 0. 24 0. 5 max.
Aluminum 4. 25 3. 9-4 .4
Titanium 3.50 3. 4 - 3 .8
Cobalt 9. 20 9. 0-10 .5
Boron 0.007 0.004-0.008
Sulfur (0.01 0.015 max.
Nickel Bal, Bal.

Cast Test Specimen Properties Test Results Specific ation

Stress rupture (1800°F, 19.0 ks i) :

Rupture life (hours)  44. 8 30 m m .
Elongation, 4D (%) 4. 0 3 m m .

Structure : fine, equiax no columnar

grains6
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Table 3-It

Heat Qualification Data for 713C Alloy

M a t e r i a l  ~p,ecif icat ion yendor  Heat  No .
EMS 73632 (DDA) Cer t i f ied  Alloy Produc t V I  186

C omposit ion Analysis  Spec if ic ation

Carbon 0 . 12 0. 08-0 . 20
Manganese 0.05 0.25 max
Chromium 14. 10 13 .0-15 .0
Molybdenum 4.30 3.8-5.2
Sil icon 0. 50 0.50 max
Iron 1 .48 2.5 max
Aluminum 6.10 5.5-6.5
Titanium 1. 09 0.5-1 .25
Columbium + Tantalum 2 . 2 0  1. 8-2 .8
Cobal t  0 .50  1. 0 max
Zi rcon ium 0. 117 0 . 0 5 - 0 . 15
Boron 0 .012  0 . 0 0 5 - 0 . 0 1 5
Nicke l  Bal Bal

Cast  Test  Specimen Propert ie s Test Results  Specification

Tens i l e  Propert ie s (Room Temperature) :

Ult imate (ksi)  136 110 m m .
Yield , 0. 2% Offset (ksi)  112 100 m m .
Elongation (4D) ,  % 10 3 m m .

S t ress  Rup tu re  ( 1800 °F , 22 ksi) :

Rup tu re  life (hours )  33 . 3 30mm .
Elongation (4D) ,  % 13 5 m m .

H a r d n e s s  ( R C ) :  39 42 max.

S t ruc tu re  Equ~ax , f ine grain 0. 062” max .
0.062” max.

7
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Table 3- Ill

Heat Qualification Data for Rene’ 80 Alloy

Material Specification Vendor Heat No.

C50TF28-S8, Class A (GE) Howmet l01C4866

Composition Analysis Specification

Carbon 0. 16 0 . 15-0. 19
Manganese 0.01 0. 10 max
Chromium 14.06 13.7-14. 3
Molybdenum 3.90 3.70-4.30
Silicon 0.07 0. 10 max.
Iron 0.28 0.35 max .
Aluminum 2 . 88 2. 8-3 . 2
Titanium 4.96 4.8-5 .2
Columbiumn 0.03 0.10 max.
Cobalt 9.42 9.0-10 .0
Tungsten 3. 84 3 .7 -4 . 3
Z irconium 0 , 06 0 . 0 2 - 0 . 10
Tantalum 0.05 0. 10 max .
Boron 0 .015 0 .0 1 -0 . 02
Vandium 0.01 0 .10  max .
Hafnium 0.01 0.10 max.
Sulfur 0.002 0. 0075 max.
Phosp horous 0. 005 0 .015  max .
Magnesium 0.0035 0.01 max.
Coppe r 0 . 02 0. 10 max.
Nickel Bal. Bal.
N v 2 . 27 2. 32 max .

Trace 3Elements  conform to spec . per Accu-Labs ALR No. 90-2520-14-8

Cas t  Test  S pecimen Proper t ies  Test Resul ts  Specification

- 0Tensile  Proper ties  (1600 F)
Ult imate (KSI) 107. 9 90 mm .
Yield , 0 .2% offse t  (KSI) 77. 9 70 mm .
R educ t ion of ar ea (%) 16 . 1 15 m m .

St ress  Rupture  (1800 °F , ~7.. 5 KSI) :
Rupture  life (hour s )  34 . 1 23 mm .
Reduction of area (%) 7. 8 5 mm .

Grain Size: Equiax , 0 . 062” max . 0 . 0 1 5 - 0 . 062”

8
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Table 3- tv

Heat Qualification Data for B 1900 Alloy

Material Specification Vendor Heat No.

PWA 66 3 Howmet 54C 5666

Co mposit ion Analys i s Specif ic at ion

Carbon 0. 10 0.08-0. 13
Manganese  0 0 1  0 .20  max .
C h r o m i u m  7 .90  7 .5 -8 . 5
Molybdenum 6.03 5.75-6.25
Silicon 0 . 02 0 . 25 max.
Iron 0.10 0.35 max.
Aluminum 5 .95  5. 75-6 . 25
Ti tanium 1.00 0. 80-1.  20
Columbium 0 .04  0 . 10 max .
Cobalt  10.09 9 .5 - 1 0 .5
Tungsten 0. 02 0. 10 max .
Z i rcon ium 0 .08  0 . 05-0 . 10
Tantalum 4. 10 4 . 0 - 4 .5
Boron 0 .016 0 . 0 1 - 0 . 02
Sulfu r 0. 002 0. 015 max.
Lead 0. 0001 0 . 00 05 max.
B i s m u t h  0. 00001 0. 00005 max.
Selenium 0. 00005 0 . 0003 max.
Thallium 0. 00005 To be reported
Te l lu r ium 0. 00005 To be repor ted
Nickel Bal. Bal.

Cast  Test  Specimen Proper t ies  Test Resul ts  Specification

Creep  R upture ( 1400 °F, 94 KSI) :
Ruptu. r€ ~ life (hours)  33 . 1 23 m m .
Elongation , 4D (%) 2. 0 2 m m .

S t r e s s  R u p t u r e  (1800 °F , 29 KSI) :
Rup tu re  life (hours)  41 30 mm
Elongation , 4D (%) 7. 5 3 mix i

H a r d ne s s  ( R C ) :  4 1 34-44

G r a i n  Size: Equiax , 0 .0 6 2 ”  max Equiax , u n i f o r m

9
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• Casting inspection The cast specimens were cleaned of mold
material by the found ry by blasting with 120 grit aluminum oxide.
After cleaning, the castings were macroetched followed by v i s u a l ,
fluorescent penetrant (ZL 22) and radiographic inspection . The
critical areas of the acceptable castings conformed to the followingquality standards:

(1) Uniform equiaxed grains which did not exceed approximate ly
0. 062 inch diameter

( 2) Cas tings  were  sound and free of fore ign mater ia ls , sur fa ce
and internal  defects detr imental  to the fabr icat ion , coat ing
or to per formance  of the specimens .

(3) Castings had smooth clean sur faces .

Following in s pection procedures  the castings were  again cleaned byblasting with 120 gr i t  a luminum oxide .

• Pre-coat ing heat t reatment Following inspection , the test
specimen casting s were  h~ at treated as follows:

• B 1900 alloy castings were heat treated in argon per Prat t  and
Whithey Aircraf t  Specification PWA 663

• Rene’ 80 alloy specimen s were heat treated in vacuum with
argon backfill cooling per General Electric  Aircr af t  Engine
Group  Specification C5OTFZ8-58 , Class A.

• Alloy 7 13C specimens were heat treated in vacuum per
Detroi t  Diesel Allison Specific ation EPS 333-6 .

• C 1023 alloy specimens did not require a pre-coating heat
t rea tment

• ~~ ecimen Conf igura t ion  Typ ical confi guration s of the var ious  cast
test specimens used throug hout the program are shown in Figure 3-1 .A pproximate ly twenty five cylindrical  specimens , 1 /2”  x 2” , w e re
cast  for each al loy/ coat ing combination and were..~~eed f~ r~-ooating
development.

10
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C Tensile G Coating Development
D Stress Rupture  . H Oxidation Erosion

Figure 3-1 Test specimen configuration
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3 . 1 . 2 Basel in e Coatc i T es t  Specimens

• B I ~0o a l loy  t e s t  spec imen s fox - t he  p mog r a in  wer ~ oated b y TRW
Jet  Ordnance  l)ivision per P r a t t  and W h i t h cy  A i r c r a f t  S pec i f ica t ion
P W A  73 with the exception of the pos t - coa t i ng  heat t r ea tmen t  which
was pe r fo rmed  at Det ro i t  Diesel All ison with the AEP 32 coated
test  spec imens . Figure  3-2 i l lus t ra tes  typical  s t r u c t u r e s  for  the
PWA 73 coating and B 1900 base alloy.

• Rune ’ 80 alloy tes t  spec imens  for  the p rogram were  also coated
b y TRW . The process  confo rmed  to Genera l  Elec t r ic  Eng ine
G r o u p  T. 0. 2J - J79 -43 . Post-coat ing heat  t r ea tment  was p e r f u r n ~~~d
at De t ro i t  Diesel  Allison with the AEP 32 coated test  spec imens .
Figure  3-3 is representa t ive  of the Codep B - i  coating app lied b y
TRW and the base alloy s t r u c tu r e s .

• Alloy 7 13C and C 1023 test specimens fo r  the p rogram w e r e  coated
b y Detroi t  Diesel  All ison . Fig u r e s  3-4 and 3-5 are  represen ta t ive
of the Al pak coatings app lied b y DDA and their  respect ive  base
alloys .

• Baselin e coated tes t  specimens , as determined b y me tal logra phic
exa mination of coating load control  samples , had coating th i cknesses
as shown in Table 3-V (control  samples - 1/2 diameter x 2”
cy l inders) .

• All photomic rograp hs illustrating alloy/coating combin atiori s were
etched with HCI + FeCl 3 + methanol.

Table 3-V

Average Coatin g Coating Th ickness
A11~ L Coating — Thickness ( mils) Ran~g e (mils )

B 1900 PWA 73 3.5  3. 0 - 4 . 0

R un e ’ 80 Codep B - i  2 . 2 2 . 0 -2 . 5

IN 7 13C Alpak 3 .6  3. 0-4 . 2

C 102 3  Alpak 3 . 1  2 . 3-3. 8

12
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3. 1. 3 AEP 32 Coated Test  Specimens

• AEP 32 Coated Bath Composition Through the exploratory
development program, the AEP coating bath composition was
maintained within the limits of DDA Specification PCI 2740 as
described in the following paragraphs. The details for the
preparation of the AEP 32 coating bath are presented in the section
Documentation, Task V of this report. The bath constituents ,
specification limits and actual bath analysis range used throughout
this program are shown below.

Specification
Bath Constituent Limits Bath Analysis

Dispersing media’

Isopropanol (99% 55-65%
grade)

Nitromethan e 35-45% - - -

Water (contaminant) 20 gm/I max. 2.7- 12.3 gm/ i

Soluble additives

Zein 2 . 0-3 .0 gm/ l  2 . 7-2 .8 g m /I

Cobalt nitrate 0 . 09 -0 . 15 gm/ I  0 .11-0 .13 g m / l
hexahyd rate

Insoluble dispersa.nts (15-33  g m / I  total)

Chromium powder 40 ± 7% 38-42%

Aluminum powder 40 ± 12 . 5% 3 8-47%

Manganese powder 20 ±~ % 16-18%

Particle Siz e
(Coul te r  Counter)

Chromium powder 90% -< 25 microns 95%< 25 microns
( 2 - 3  micron mean)

Aluminum powder 10 micron max < 6. 5 micron s

Manganese powder 90% < 3 0  microns 99% < 30 microns
(4 -5  micron mean)

• “Green” Coating Composition Cylindrical control specimens 1 /2’x 2 ” , were coated along with program test specimens and then
str ipped of its green coating. The green coating was then chemtc a~analyzed to dete rmine if it conformed to the specif icat ion l imits .
The green coating specification and range for  various chemica l
analysis  throug hout the program are as follows:

17 
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Coating Metal Specification Analysis

Aluminum 44 ± 10% 43-4 1%

Chromium 38 + 10% 38-40%

Manganese 18+8% 12-14%

• Diffusion Time and Temperature  Variat ions  In an effor t
to optimize ihe app lication of AEP 32 coating to the four
program alloys , variations in diffusion times and tempera-
tures  were performed . Cy lindrical 2 inch x 1/2 inch
diameter test specimens of the alloys were coated with
AEP 32 ( 1  minute deposi t ions)  providing test specimens 

~with “green ” coating deposits  of 0 . 030 ± 0. 002 g r a m / c m
The test specimens were d i f fused  in hydrogen (-80F dewpoint)
for  the time s and tempera tures  shown in Table 3-VI. Eac h
diffusion t reatment  also included a one (1)  hour dwell at
1300- 1350 F before increasing the temperature . Specimens
were retort cooled . It was recognized that some of the
temperatures and times were deviations from the engine
manufac turer ’ s specifica tion limits employed for  d i f fus ion
of the baseline coatings;  however , the invest igation was
considered to be a viable evaluation of possible  incre.ases in
coating thicknesses and the applicability of a diffusion cyc le
which would be common to all the program alloys . Metal-
logr ap hic evaluations of specimens f rom the various di f fus ion
t rea tments  provided basis for  the conclusion that the
diffusion t reatments  specified for the baseline coatings we re
applicable to the AEP 32 coated alloys .

• AEP 32 Coating of Task I Test  Specimens

• Clean su r faces  to he coated b y blast ing with 220 -240
gr i t  a luminum oxide at 45-50 psig.  Mask machined
thr eaded areas . Blow residual  abrasive f r o m  sur faces
and cavities wi th f i l tered compres sed  air .

• Mask and f ix ture , as re q u A z e d .

• Immerse  in AEP 32 solution.

• Ca thodicall y de posit  “green ” coa ting at 200 volts  dc
for  60 seconds.

• Air dry for 30 to 60 seconds .

• Remove mask ing  and fixturing.

D iffuse ‘ green ” c oat ing deposi ts on the var ious  a l loy s
as desc r ibed in Table 3-VU.
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Table 3-VI

Effect of Diffusion Temperature and Time on AEP 32 Deposits

Average Coat ing
Alloy Ternperature ( F) Time (Hrs .)  Thickness (Milsj

B 1900 1975* 4 1.7

B1900 1975* Il 2.1

Bl900 2000 4 1.8

Rene ’ 80 1925* 6** 1.6

R ene ’ 80 1925* 11 1.6

Rene ’ 80 2000 4 1 , 7

713C 2000 2 2 . 0

713C 2000 4 2 . 1

713C 2080* 2** 2 .6

C1023 2000 2 1.6

C 1023 2000 4 2 .0

C 1023 2080* 2** 2 .0

*Baseline coating specified diffusion temperature.

**Baseline coating specified diffusion time; TRW diffusion time for PWA 73
coating is 8 hours .
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Table 3-Vu

Diffusion Treatments of AEP 32 Coat ings on Task I Test
Specimens

Alloy Diffusion Treatment

B1900 1325 ± 25F/1 hr ., 1975 ± 2 5/8  hr s .

Rene ’ 80 1325 ± 25F/ 1 hr ., 1925 ± 25F/6 hrs.

713C 1325 ± 25F/ 1 hr . ,  2080 ± 2 5F/2  hrs .

C1023 1325 ± 25F/l hr ., 2080 ± 2 5 F/2  h rs.

Note 1: Hydrogen atmosphere (-80F dewpoint) during heating and
cooling. All specimen s were retort cooled .

• Relationship of “Green” Coating to Diffused Coating Thickness

A significant number of Task £ cy lindrical test specimens
(ten each alloy) were weighed before and after coating to
determine the weight uniformity of “green ” coating deposited .
Following diffusion treatment and cleaning, metallographic
measurements of the coating thicknesses were performed .

— Table 3— VIl I summarizes the data from the above investi gation
which aided in establishing green coating control procedures .

Table 3-Vill

Compar ison of ALP 32 “Green” Coating Wei ght with D iffused Coatin,~gThickness on Task I Test Spec imens

Average “Green ”foa tin g Average Coating
Alloy Wei ght ~g m/ C m  ) Thickness (mil~L

B l900  0. 0298 3 .2

R ene ’ 80 0. 0297 2 . 0

7 13C 0.0343 2 .9

C 1023 0. 0313 2 . 6

• Post Diffusion Heat Treatments In conformance with their
app licable coating specificatloi7 requirements , the AEP 32
and baseline coated , diffused and cleaned test specimens
we re heat treated as shown in Table 3-IX .

20
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Table 3-IX

Post-Diffusion Heat Treatments of AEP 32 and Baseline Coated Test Specimens

Alloy Coating Coating Source Heat Treatment

B1900 PWA 73 TRW 1650 ± 25F/10 hrs . in argon ; air cool

B 1900 AEP 32 DDA 1650 ± 25F/ l0  hrs . in argon; air cool

R ene ’ 80 Codep B.1 TRW 1550 ± 25/ 16 hrs . in argon; air cool

Rene ’ 80 AEP 3~ DDA 1550 ± 25/16 rs . in argon; air cool

713C Alpak DDA No heat treat requirement

713C AEP 32 DDA No heat treat requirement

C 1023 Alpak DDA No heat treat requirement

C 1023 AEP 32 DDA No heat treat requirement

Note: AEP 32 and PWA 73 coated B1900 test specimens were post-diffusion
heat treated together as were the AEP 32 and the Codep B- 1 coated
Rene ’ 80 test specimens.

• AEP 32 Coating Structure on Various Program Alloys Figures  3-5a
through 3-8 show representative structures of the base material
and AEP 32 coatings on the program alloys.

Microprobe scans for the various program alloy/coating combina-
t ions, showing the diffusion gradients throug h the coating, are
presented on pages 1-13 of the App”idix. 
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3.1. 4 Screening Tests

The objective of this testing effort  was to determine whether ALP 32
coating, processed on the four program alloy substrates , can
verify equivalence in (1) hot corrosion environment and (2) stress
rupture  proper-ties when compared to the program’s base lin e coa ting s .
Hot corrosion and stress  zupture specimens were prepared and tested
on the following alloy/coating combinations:

Alloy 7 13C/Alpak B1900/PWA 73

Alloy 7 13C/AEP 32 B 1900/ALP 32

Cl02 3 /Al pak Rene ’ 80/Codep B - l

C 1023/ALP 32 R.sn&’ 80/AE P 32

• Hot Corrosion Testing Testing was conducted on a laborato ry
test rig, illustrated in Figure 3-9, which has been used for a
number  of high temperature  al loy/coating evaluations. Test
specimens were standard T56-A-9  solid 1st stage turbine blades.
A photograp h of the test fixture which accommodates sixteen
specimens is shown in Figure 3-10. A test cycle consisted of
heating the rotating ( 1800 rpm) fixtured specimens in a citX gas
f i red furnace to an outer leading edge tempera ture  of 1900 F
followed by retrac tion into the coolin g chamber where the rotating
specimens were sprayed with an air aspirated solution of 1.4
percent sodium sulfate in deionized water . Each cycle included
1. 5 minutes heating time to the testing tempera ture  and 0. 5 minute
cooling time.

Test airfoils were given a binocular examination after  each
100 cycles . The coating was desi gnated as “failed” upon observing
a total coating corrosion breakdown area of 0. 10 inc h x 0 . 05 inch .
A typical co*ting breakdown resulting from hot corrosion attack is
shown in Figures 3-11 and 3-12. The analysis of hot corrosion
tests show that AEP 32 coating is equivalent to Codep B- 1 on alloy
Rene ’ 80 and indicates an improved performance on alloy 713 , C 1023
and B 1900 when compared to their base coating. Listing of
individual hot corrosion test results  and the log normal dis tr ibut ion
Student t test analysis are presented in Table 3-X . A grap hic
summarizat ion of test results  is illustrated in Figure  13.
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Magn:  5X

Sur f ace  condition of failed Al pak coa ted alloy 7 13C
afte r 400 cycles  of hot co r ro s ion  testing

- . - 

- -

a- - 
- - -

Magn: 40X

Photomicro g ra ph of section cut throug h corroded a r eas of th e
u pper  a i r fo i l  showing the leading ed ge of blade

Figure 3-11 Hot corrosion attack on Alpak coated alloy 7 13C turbine blade
tes t  s pecimen 
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M agn :  4 0X

P h o t oi n ic  r o g r a p h of sec t ion cu t  t h r o u g h c or r o d e d  a r e a s
of the u p p er  a i r f o i l  showing  the lcadin ~ ed ge of blade

Fi gure  3- 12 Hot c o r r o s i o l  a t t ack  on - \ L  P 32 coated a l loy  7 13C tu r b i n e  blade
test  s p e c i me n
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• Creep and Stress Rupture Testin~ Creep and s t ress  ru p t u r e  test ing
on all a l loyk oa-t ing  comb ination s was accomplished on Arcweld
Model ‘J’ testing machines  e~ uipped with Arcweld tubular resistance
wi re fu rnaces . Control  to ±~ 

F was provided b y Leeds and N o r t h r u p
Speedomax Model H, D. A. T. potentiometer controllers , Creep
measurements were made by means of Riehle DHK elevated tempera-
ture extensometers and Riehle rnultipoint creep recorder. Test
specimens were cast hollow bars with a 1/4 inch O D . and anominal  wall  th ickness  of 0. 037-in . All s tresses were  calculated
usin g wall th ickness  measurements  de termined opticall y on cross section sof each bar  afte r tes t ing .

Six specimens  of each Task I al loy/coating combination were creep-r u p tu r e  tested at  1400 , 1600 and 1800 °F. Creep and rupture data
were  genera ted  on the th ree  turbin e blade alloys (7l3C , B 1900 and
Rene ’ 80), while only rupture data was generated on the C 1023 turbine
vane alloy. Tabulations of all creep and stress rupture specimen
data a re  given in Tables 3-XI throug h 3-XIV . Figures  3 -14 th roug h
3- 17 show Larson-Miller stress rupture life comparisons of baseline
coated and AEP 32 coated alloys. Similar Larson-Miller 1% creep
lile comparisons are shown in Figures 3-18, 3-19 and 3-20. The
curves drawn throug h the Larson-Miller parameter versus stress
data points in the figures are the best fit second order polynomial
equation derived from a least squares regression analysis of the
data points.

The creep and rupture properties of ALP 32 coated Rene ’ 80 and B 1900
were somewhat higher than their baseline coated properties . The
ALP 32 coated 713C and C 1023 rup ture  propert ies  were  essentiall y
equivalent to their baseline Alpak coated properties at 1600 and 1800°F.At 1400 F , h oweve r , the ALP 32 coated properties were somewhat
lower than the Al pak coated propert ies  due to the f iner  gamma pr ime
pr oduced b y the f a s t e r  cooling rate f rom the diffusion t empera tu re  inthe Alpak p rocess .
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Table 3-XI

Summary of Coated Alloy 7 13C Creep-Rupture  Data

(Tubular  test bars - nominal wall thickness of 0 .037 inch)

Test Stress Rupture Elong. 1. 0% 3.0%
S/N Coatin g. Temp, °F ksi Time , Hr s . % Creep, Hrs . Creep,  Hrs

AEP 32
1 1800 18.5 23.6 10 .5  16 23
2 1800 16.6 44.3 4,9 14 36
3 1800 17.4 50.9 5.6 26 46
4 1800 15.4 57.5 11 .1  22 50
5 1800 15.6 82.6 6 .9  37 75
6 1800 15.5 91.5 7 .5  34 76

7 1600 45.8 7 .2  4. 0 4 - -

8 1600 40. 1 21. 1 4.0 12 --
9 1600 38. 5 39. 0 7. 7 20 --
10 1600 45.2 10.4 - 3. 4 -- - -

11 1600 45.1 14.0 3.5 8 --
12 1600 45 .9  27 .7  2 .6 18 --

13 1400 79.6 27.0 3.0 18 --
14 1400 93.0 1.7 1.9 -- --
15 1400 90.0 4.2 3.9 3 --

- 16 1400 91. 2 6 .1  4 . 3  3 --
17 1400 90.6 10. 0 4 .6  6 --

Alpa k
19 1800 14.5 52 .0 7 . 1  17 42
20 1800 14. 7 135. 1 10.0 62 120
2 1 1800 14. 3 150 .8 4 .7  88 147
22 1800 14.3 175.8 8.2 90 160
23 1800 14.3 183.8 4.7 88 173
24 1800 13.7 24 6 .6  9 .4  120 232

25 1600 37. 1 56.6 4 . 0  33 --
26 1600 36.4 71. 1 3 , 5 52 - -
27 1600 33. 0 138. 2 6 .6  63 127
28 1600 40. 8 24. 8 4 .0  17 - -
29 1600 44. 1 25.3 5. 2 16 25
30 1600 43 .9 25.3 4 .7  17 25

31 1400 73 . 1 51. 5 2 .0 --  - —

32 1400 70. 0 110. 8 4 .2  -- --
33 1400 71 .4  133 .9 1.8 -- --
3 4  1400 74. 1 67.6 2 .5 56 --
35 1400 76. 6 107. 2 1. 2 -- --
36 1400 74. 9 110. 0 3. 1 -- --
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Table 3-XII

Summary of Coated B 1900 Creep Ru pture Data

(Tubular  test bars - nominal wall thickness of 0 .037 inch)

Test Stress Rupture  Elong 1.0% 3.0%
S/N Coating Temp, °F _k~~~ Time % Creep, Hrs . Creep,  Hrs .

AEP 32
1 

— 

1800 21. 1 40.6 5.6 18 36
2 1800 19. 8 152.4 5.9 108 150
3 1800 18.6 158. 0 8.4 92 152
4 1800 21 .0 164.6 8.2 80 155
5 1800 19. 4 190.0 7 .0  98 170

7 1600 44.9 95.8 4.4 42 94
8 1600 44.1 137.9 5.1 50 123
9 1600 40.0 21 8,4  3 .7 75 208

10 1600 41 .9  364. 2 7.5 167 352
ii 1600 52.5 32.6 4.4 11 31
12 1600 51 . 0 34. 3 4. 6 13 32

13 1400 77. 0 2 1 . 9  4. 4 - -  - -

14 1400 72 .8 42 . 1 2 .0 - -  - -

15 1400 77.2 13 1. 1 3. 1 106 -—
16 1400 69. 9 281.4 3.4 208 --
17 1400 84.9 5.7 0.9 -- --
18 1400 86 . 7 13. 0 1.5 12 --

PWA 73
19 1800 19. 4 18.0 9 .3  7 15
20 1800 19. 8 45. 2 8.8 23 42
21 1800 20 . 0 163. 2 12. 2 75 150
22 1800 19. 8 ~93.4 7 . 9  127 192
23 1800 19. 9 234. 9 8.0 130 233

25 1600 43 . 3 64.4 5 .7  26 63
26 1600 40 .9 84.0 5. 2 58 --
27 1600 41.6 120. 1 4 . 1  55 119
28 1600 54 . 1 14.6 3.5 6 --
29 1600 50 .9  25 .6  3.4 13 --
30 1600 58.7 8.8 5.5 4 8

31 1400 77 .0 10.7 1.4 -- --
32 1400 77 . 2 11 . 3 1. 5 —- --
33 1400 75 .5  15.9 1. 5 —- - —
34 1400 68 .2 158. 9 1. 5 -- --
35 1400 82 .2 4. 6 1.6 -- --
36 1400 88. 2 7. 3 2 . 7 - - - -
37 1400 93 , 9  D . 9  1. 1 -- --
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Table 3-XUI

Summary of Coated Rene’ 80 Creep Rupture Data

(Tubular test bars - nominal wal l thickness of 0. 037 inch)

Test Stress Rupture Elong. 1 .0% 3.Otbo
S/N Coating Temp., F ksi Time , Hr s.  % Creep, Hrs. Cree~~Hr s.

AEP 32
1 1800 20 . 0 70. 1 8.4 30 66
2 1800 22 .7 96 .2 10. 7 31 67
3 1800 19.7 105.9 8.6 40 82
4 1800 20 .7 123.2 6 .5  50 104
5 1800 18.8 132.6 5.0 70 127
6 1800 19.6 145 .7 10. 5 46 109

7 1600 44.3 81 .1  5 .2  33 76
8 1600 43.6 106.8 11.7 32 82
9 1600 44. 5 155 .9  12 .0  67 120
10 1600 46.9 60.2 7.7 18 48
11 1600 47 . 1 105. 9 6 . 9 36 83
12 1600 46.8  116 .5 8.6 35 92

13 1400 83.7 184.0 7.6 40 140
14 1400 83 . 3 247 .0 10. 2 50 180
15 1400 74.9 491.0 7.6 100 385
16 1400 106.7 4.9 7.6 -- - -

17 1400 92 .4 18.8 7.4 3 12
18 1400 90.8 33.4 4.4 13 33

CoDep B-i
19 1800 19. 6 52. 1 12 .2 18 43
20 1800 19.2 64.3 12.6 24 57
21 1800 18.4 66 .1 8.9  20 58
22 1800 19.6 71.7 7.6 26 63
23 1800 19. 2 84 .9  14. 0 26 67
24 1800 19. 3 87 .4 10.2 25

25 1600 40.8 75.6 6.2 14 6
26 1600 42 . 8 89. 8 6 .9 18 73
27 1600 43. 5 96. 4 13. 1 16 59
28 1600 49. 7 15.6 6.5 3 13
29 1600 53. 2 21.0 11 . 2 4 13
30 1600 48.9 34.6 6 .4 6 25

31 1400 80 .0 16. 2 4.7 3 32
32 1400 81 . 5 66.0 12 .5 3 3?
33 1400 80.0 90. 2 5 .2 23 73
34 1400 94 .9 9 .3  6.5 2 7 .5
35 1400 90.6 12. 2 8.5 1. 5 7
36 1400 92 .7 15.6 7 .2  2 .5  10 . 5
37 1400 96. 4 7 .1  11.4 1 4
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Table 3-XIV

~~ummary of Coated C 1023 Stress Rupture Data

( Tubular test bars - nominal wall thickness of 0. 037 inch )

Test , Stress Rupture Elong.
S/N Coating Temp, F ksi Time , Hrs . _______

AEP 32
1 

— 

1800 20. 1 31.3 12 . 1
2 1800 19.7 40.7 9.8
3 1800 18. 6 41.4 5.6
4 1800 18.5 51.7 5.8
5 1800 17. 3 59 .2 7.4
6 1800 17.9 61 .7  5,5

7 1600 41 .0  48 .7 4 .0
8 1600 39. 2 50 .4 7 .5
9 1600 40. 0 52 .3 4 .6

10 1600 37. 5 76 . 2 5 .7
11 1600 44. 2 196 .6 7 . 8

12 1400 74.8 50.9 2.7
13 1400 73. 3 109. 9 2 .0
14 1400 68. 9 117. 1 3 .7
15 1400 74. 8 127 .4 3.5
16 1400 71.8 205.6 2.7

Alpak
19 1800 16. 3 64 . 2  5 .9
20 1800 15.7 74.2 8.0
21 1800 14.7 93.7 8.2
22 1800 16.3 100.2 8.1
23 1800 15.0 103.9 5.9
24 1800 11.5 887.9 6.4

25 1600 40.0 41 .7  5 . 2
26 1600 45. 1 44.7 3. 7
27 1600 42.5 47.7 3.5
28 1600 40.8 69.4 6.4
29 1600 42.6 75.3 3.1
30 1600 41.5 78.4 3.7

31 1400 79.7 83.6 2.2
32 1400 73 .4  100 . 1 3 .7
33 1400 81. 0 107.4 1. 9
34 1400 76. 4 153 .7 1.6
35 1400 75. 2 164 . 8 3. 1
36 1400 75 .4 198 .2 4 .0
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3 . 2 TASK II OPTIMIZATION AND REFINEMEN T OF COATIN G V A R I A B L E S

The p u r p o s e  of th is  task was to op t imize  and ref ine , as requ i red , the  AEP 32
p r o ce ssi ng  pa r ame te r s , coating composit ion and t h i c k n e s s e s  as dic ta ted b y
the resu l t s  of Task I.

Evaluation of the screenin g tes t  r esu l t s  f rom Task I revealed that  the  AEP 32
coat ing  on all p rog ram alloys , wh ich  were  thermal ly p rocessed  in a c c o r d a n ce
with the eng ine manufac tu r e r s  specif icat ion , had a d es i rab l e mic r o st r u ctu r~
and coa ting th ickness  and was at least  equivalent in hot cor ros ion  and s t r es s
r u p t u r e  p roper t ies  to that of the baseline coatings . In addition to these
findings the AEP 32 coating met the program requirements  of being a sing le
coatings app lication for  all program alloys . Therefore  it was concluded that
f u r t h e r  optimization and ref inement  of coating var iables  was not  r e qu i r ed .

3 . 3 TASK III EVALUATION OF SELECTED ALLOY/ COATING COMBINATIONS

The pu rpose  of this task was to evaluate the selected coa t ing/a l loy  combina t i ons
( f rom Task I and II) by extensive environmental  and mechanical  proper ty
tes t ings . The ‘selected coating ” , AEP 32 , and baseline coat ings  w e r e
app lied to test specimens of the four  program alloys . Coating techniques ,
d i f fus ion cycles , final cleaning and post the rmal  t r e a t m e n t  r e q u i r e m e n t s
and /o r  procedures  descr ibed in Task I were  s t r i c t ly adhered to in the
prepara t ion  of all Task III tes t  spec imens . Pa rag raph 3 . 1. 2 detai ls  th e
app lication of the baselin e coat ings and 3 . 1. 3 that  of the AEP 32 coa t ing.

Hot corrosion , cree p and stress rupture testing was completed in t h e  T a s k  I
sc reen ing  tests and were  not repeated in Task III. E n v i r o n m e n t a l  and
mechanica l  p roper ty evaluations consis t ing  of hig h axl low cycle  fa t i gue ,
tens i le , the rmal  fati gue and oxidat ion-erosion tests  we re  p e r f o r m e d .

3 . 3 . 1 High Cycle Fatigue Testing

Axial fati gue  tes t ing was conducted on an Am sl e r  Hig h F r e q ue ncy
Vibrop hore . The test specimens w e r e  subj ected to a ful l y r e v e r s e d
( A  = ~~ al ternating axial s t ress  imposed by an e lec t romagnet ic
driver at approximately 166 Her t z . Test  spec imens  w e r e  cas t  solid
bars with a 0. 195” O.D. x 13/16” reduced section as illustrated in
Figure  3- 1 .

Five spec imens  of each turbine  blade alloy (7 13C , Rene ‘80 and B 1900 )
with baselin e and AE P 32 coating, were hi gh cycle fati gue  tested at
1400 and 1600°F. A s t ress  level of ~j  35 ksi  was maintained throug hou t
the elevated tem perature testing. Tabulation of all hig h cycle fat igue
data and the log normal distribution Student “T” Test anal yses are
presented in Table 3-XV and 3-XVI. A graphical s u m m a r y  of the
average lives is shown in Figures 3-21 and 3-22 . The 1400°F data
indicates that there  is a 86.4% probabilit y that AL P 32 coated 713C
has a hig her mean life than the Al pak coated mater ia l . AEP 32 coated
Rene ’ 80 shows a 62. 8% probability of a hi g her mean life than Codep B- I
coated material . The AE P 32 coated B 1900 has a 36. 3% probabi l i t y
of having a lower mean life than PWA 73 coated material  but the
di f ference  in the mean lives is onl y 2 x 106 cycles .
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The 1600°F data show that the ALP 32 coated bars of all th ree  alloys
had slightly higher mean lives than their baseline coated bars , but
the probability of the means bein g different  was only 10-33%.

3. 3. 2 Low Cycle Fatigue Testing

Strain-controlled, axial , low cycle fatigue tests were  performed by
Mar-Test Inc., Cincinnati, Ohio. in these elevated temperature  tests
the specimens were heated inductively and temperatures were controlled
using three spot welded chromel-alumel thermocouples and solid-state
controllers. These tests were performed in~~ir at a frequency of
20 cpm , A =~~~ , and at a temperature of 1600 F. The test specimens ,
as illustrated in Figure 3-1 , were cast solid bars  with a 0 . 25” 0. D. x
0.750” smooth reduced section .

Tables 3-XVU , 3-XVIII and 3-XIX summarize the test results
provided by Mar-Test, Inc . These include on each specimen a measured
modulus value , stress range,stress and strain values at the s tar t  of
the test and at half-life, the value of the tensile load at fa i lure , the
number of cycles to crack initiation (Ni) , cycles to fa i lure , and the
location of fai lure . A log normal distribution Student t test analysis
is presented in Table 3-XX for the various alloy/coating combinations .
Figures 3-23 , 3-24 and 3-25 show the low cycle fatigue comparison
of AEP 32 and baselin e coated turbine blade alloys at two strain
controlled 1eve1~ . Evaluation of the above data indicate s that AEP 32
is equivalent to PWA 73 with a slightly hig her low cycle fat igue life
than Alpak or Codep B-i  on their respective base alloys .
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3 . 3. 3 Tens i l e  Tes t ing

T e n s i le  tes ts  w er e  pe r f o r m e d  on f o ur  s p e c i m e n s  of ~ ach a l l o y / c o a t i n g
combination at t e m p e r a t ur e s  of 1400 , 1600 and 1800 F u s i n g  a R ] t - h l e
t ens i l e  machin e equipped wi th  a M a r s h a l l  sp l i t  f u r n a c e . The  t es t s
wer e  conducted in air  at a control led s t r a in  ra te  of 0. 005 in / in /nu n .
T e s t  s p e c i m e n s  we r e  cas t  solid ba r s  with a 1/ 4 ’  0. D . x 1 1/ 4  long
tes t  sec t ion.

Tabulat ion s of all  t ens i le  p r o p e r t y  data a r e  given in Tables  3-XXII
t h r o u g h 3-XXV . S u m m a r y  plots of a v e r age  0 . 2% y ield , u l t i mat e
t ens i l e  s t r e n g t h  and p e r ce n t  e longat ion for  c o m p a r i n g  base l ine  coated
and AEP 32 coated alloys ar e  shown in Fig ur e s  3 -26  t h r o u g h 3 - 29 .

The  1600 °F y ield s t r e n g th of AEP 32 coated a lloy  7 13C was a p pr e c i a b l y
low-er than tha t  of the Alpak  coated b ar s  as :~hown in Fi g ur e  3-2 6 .
This is a con sequence  of the f a s t e r  cooling ra te  fr o m  the  d i f f u s i o n
t e m p e r a t u r e, used  in the Al pak pr o c e s s 1 w h i c h  p r o d u c e s  a f i n e r  g a m m a
p r i m e  par t i c le  s ize  than the  s lower  r e t o r t  cool in the  AEP p r o ce s s .
The d i f f e r e n c e  in ma tr i x  gamma pr ime par t ic le  s ize  be tween  Alpak
and AEP 32 coated al loy 7 13C was p r e v i o u s ly shown in Fi g u re s  3 -4  and
3-7 , r e s p e c t i v e ly.

A s imi lar  e f f ec t  of cooling ra tes  f r o m  the coa t ing  d i f f u s i o n  t e m p e r a t ur e
on the tens i le  y ield and u l t ima te  s t r e n g t h  va lues  of Al pak and AEP 3L
coated C 1023 is shown in Fig ur e  3 -2 7 .  The f i n e r  gamma pr ime  in
Alpak coated C 1023 was p r e v i o u s ly shown in Fi g ur e  3-5  con p a r e d  to the
c o a r s e r  g a m m a  p r i m e  of AEP 32 coated C 1023 in Fi g ur e  3-8.

A v e r a g e  t e n s i l e  p r o per t i e s  plots of coated Rene ’ 80 as i l l u s t r a te d  in
F i g u r e  3-2 8 show hi g her  u l t i m a t e  and y ield s t r e n g t h  f o r  A E P  32 at
1400 and 1600 F and equiva len t  at 1800 F when c o m p a r e d  to Codep  B- 1 .
The reason  fo r  t he s e  d i f f e r e n c e s  a r e  not  exp l a inab le  at t h i s  t i m e .

The a v e r a g e  tens i le  p r o pe r t i e s  f o r  AEP 32 and PWA 73 coated B 1900
al loy w e r e  eva lua ted  as equiva len t.
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Table 3-XXII

Summary of Tensile Properties of Coated Alloy 7 13C

Test Tensile 0. 2% Yield Reduction
Temp Strength Streng th Elong. of Area°F Coating ksi ksi % in 1” 

_______

1400 Alpak 143.4 123.6 4 . 1  4 .1
145.0 -126.6 2 .9 6 . 2
140. 2 122 .7 3.0 5.6
143.7 122.0 4 .5 6 . 3

Average 143.0 123 .7 3.6

1400 AEP 32 141.5 117 .4 5. 0 7 . 0
145.0 117. 4 5 .5 5 .6
142 .5 120 .3 5.0  4 . 1
142 .4 120. 8 3. 2 4 . 7

Average 142 .8 119.0 4.7 5.4

1600 Alpak 118 .0 102 . 0 8.0 14 .5
117 . 6 101 .8 7 . 2  11 .7
121.0 105.2 6.5 11.0
120.4 108.4 6.8 8.7

Average 119. 2 104.4 7 .1  11.5

1600 AEP 32 111 . 1 79 .6  11 .1  13. 1
111 . 5 82 .2 11 .5  13.9
114.8 87.0 9.7 14.6
114 . 3 87 .7  4 .4  8.7

Average 112 .9 84.7 9.1 12.6

1800 Alpak 68 .3 53.1 13.0 19.8
65. 1 49.7 17.6 25.2
67. 1 56. 7 12.8 19.0
70.1 54.2 12 .4 22.6

Average 67.8 53.4 14.0 21.6

1800 AEP 32 66 .0 50.3 18. 1 20.4
67 .7  51 .0 16. 0 18. 2
66 . 0 48 .8 15.~~ 16 . 1
66. 4 48. 3 18. 8 2 5 . 2

Averag e 66. 5 49 .6 17.0 20.0
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Table 3-XXIII

Sun -imary  of Tensile Proper t ies  of Coated Rene ’ 80 Al loy

Test  Tensile 0 . 2% Yield Reduct ion
Temp St reng th  S t rength  Elong . of Area

F ksi ksi  % in 1 ’  % 
—

1400 Codep B - i  141 . 3 9 1 .7  6 . 1 6 . 3
141 .3 94 .4  6 .2 6 . 3
141 .0 90 .3 4 .9  4 . 8
142 .5 0 . 2 5 .9  4 . 9

Averag e 141.4 9 1.7  5 . 8

1400 AEP 32 148.7 111 .6  3. 3 6 . 2
152 . 3 111.5  4 .8  4 . 9
133.9 111.2 2.1 6.3
151.5 112 .3 6 . 2 4 .7

Average 146.6 111 . 6 ~TT

1600 Codep B-i 107.6 76 .5 10.4 16.8
9 7 . 9  72 . 2 2 . 6 1. 6
107.4 76.0 10.0 9.4
107. 1 72.6 10.7 13.8

Average 105.0 74.3 8.4 10.4

1600 AEP 32 115.9 88. 1 9. 1 12.4
112.0 85.6 2.5 4.9
111.2 86.7 12.8 20.6
115.3 85.7 20.0 26.0

Average 113 .6 86 .5 11. 1

1800 Dodep B-i 68.4 46.2 13.6 19.9
68.2 42 .3 23~ 9 33.7
69.4 44.9 15.7 24.0
69.4 42.2 21.0 35,4

Average 68 .8 43 .9  18. 6 2 2 . 2

1800 AEP 32 66. 6 44 . 1 23 . 1 34 .8
67. 2 42 .4  16 .3 26 .9
67. 5 43 . 1 25 .4  38.4
67. 1 41.9 17.6  26 .9

Average 67. 1 42 . 9 20 .6  3iT~
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Table 3-XXIV

Summary of Tensile Properties of Coated B 1900 Alloy

Test Ultimate 0 . 2% Yield Reduction
Temp Strength Strength Elong . of Area
°F Coatir~g 

— 
ksi 

— 
ksi % i n l° 

_ _ _ _ _ _ _

1400 PWA 73 134 .6 111 .6 5 .9  7 .8
130 . 2 111 .7  5 .8  7 .0
134.9 111.4 5.0 7.1
133.4 108.7 7 .1  11.6

Average 133. 3 110. 8 8.4

1400 AEP 32 132 .8 111 .0 5.5 6 .3
129.9 107. 4 5.7 7 . 1
128. 5 107.9 5. 8 7 .9
128. 9 104 .6 5. 9 7. 1

Averag e 130. 0 107.7 5.7 7 .1

1600 PWA 73 113.1 88.4 8.6 9 .5
112. 6 87.6 8. 6 10. 2
109.1 94. 3 15. 0 23.2
111. 7 93.8 8. 2 9 .3

Average 111. 6 91.0 10. 1 13. 1

1600 AEP 32 110 .9 84.7 10. 0 9 .4
111 .9 88. 9 8. 2 7 .9
111 . 5 85. 3 11. 2 11.7

Average 111.4 86. 3 7 . 2

1800 PWA 73 76 .5 53 .9 11.9 13. 1
74.7 52.5 16. 1 18. 9
74. 7 62 .7 14. 1 13.8
78.7 66 .5 14.4 17.4

Average 76 .2 56.4 14. 1 15.8

1800 AEP 32 76 . 9 56 .3 15. 4 20.4
75 .9 50.7 15. 1 17.5
74 .7 51. 3 9. 2 10. 9
75.9 55. 3 13.0 20.4

Average 75.8 53 .4 13.2 17.3
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Table 3-XXV

S u m m a r y  of Tensi le  Propert ies for  Coated C 1023 A11oy~

Test Tensile 0 .2% Yield Reduction
Tamp Strength Strength Elong . for Area

F Coating _ksi ksi —— % i n  1” 
______

1400 Alpak 143 .0 136 .9 2 . 2 5 . 2
143. 0 136. 2 2 .2  5. 2
142.6 138 . 2 2 . 1 5.2
142.5 127.9 2 . 2 4 . 9

— Average 142 .8 134 .8  2 . 2 5. 1

1400 AEP 32 134. 7 115. 0 6 . 4 6 . 3
135.3 115.7  3.8  4. 0
145. 4 122 . 9  1.8 4 . 1
139.7 122.3 1.9 3.2

Average 138. 8 119.0 3 . 5  4 . 4

1600 Alpak 127. 3 118. 8 4 . 2 3. 2
129.3 118.4 6 .9  4 .8
128. 1 115. 2 4.5 4. 0
127.3 117.6 5.0 4.0

Average 128. 0 117 .5  5 . 2  4 . 0

1600 AEP 32 109.9 84. 1 7 .8  7. 1
112 .6 87.4 9.3 6.4
117. 3 102.8 10. 0 12.4

Average 113. 2 9 1.4

1800 Alpak 77.8 66.7 12.6 22 .0
74.3 61.9 16.8 25.2
73.7 60.7 16.9 24.0
74.5 63.0 15 .5  29. 5

Average 75. 1 63. 1

1800 AEP 32 69.3 48.5 17.6 25.2
72 . 5 50.7 17.5 30. 1
69.5 47.7 18.0 24.0
70.1 48.6 21 .0 30.7

Average 70.4 48. 9 18.5 27. 5
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Figure  3-26 Average tensile propert ies of coated alloy 7 13C
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F i g u r e  3-2 7  A v e r a g e  t ens i l e  p r o p e r t i e s  of Coated C 1023 alloy
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Figure 3-28 Average tensile properties of coated Rene ’ 80 alloy
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1-’igur e  3-29 Average tensile propert ies of coated B 1900 al loy
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3. 3. 4 Thermal  Fatigue Testing

Laboratory tests were performed on a carrousel  type ri g which evaluates
eig ht specimens at a time with rapid heating and cooling. Four speci-
mens were  heated to the desired temperature  while the a l ternate  speci-
mens were cooled du ring each half cycle . During the next half cycle ,
after the rig turntable has shifted its position , the al terna te specimens
were heated or cooled . Since each specimen was heated by fo ur a ir-
city gas-oxygen burners , varia tions in burner  pat terns were  averaged .
Temperatures  were  determined by an optical pyrometer ;  the test tem-
pera ture  was the maximum recorded on a specimen at the end of the
heating cycle. Each test cycle consisted of 40-sec heating to a tempera-
ture  of 2075 °F fol lowed by 40-sec of air cooling. Test specimens were
visual ly inspec ted every 100 cycles for  crack indications and g iven a
periodic f luorescent  penetrant in s pection at least every 500 cycles .
The thermal fati gue rig is shown in Figure 3- 30.

Fou r specimens each of C 1023/Alpak and C 102 3/AEP 32 vane allo~~/coa ting combination we r e originally thermal fatigue tested at 2050 F
on the lead ing edge of the airfoi l  for  5000 cycles without any c rack
indica tion or coating fai lures  due to spalling.  A second set of fou r
each al~oy/coa tthg combination were started again at a test t empera ture
of 2075 F using the trailing edge (a thinner sect ion) as the test  con-
fi gura t ion . Fi gu re 3-3 1 i l lustrates  the test specimen confi gurat ion ,
thermal pat tern and a typical thermal fati gue c rack  fa i lu re . The Alpak
coatin g had an ave rage cycles to fa i lu re  of 3150 whereas AEP 32
coa ting had not experienced any fai lures  when the test was terminated
at 4850 cycles . A summary  of test data is presented in Table XXVI .

Table 3- XXVI

Thermal  Fatigue Test  Summary
(2075 °F T est Tem pera ture)

Average Cycles
Alloy/ Coat ing Cyc les to Fai lure  to Fai lure

C 1023/Al pak 2800 3200 3200 3400 3150

C 1023/AEP 32 No thermal  cracking Test  ter minated at
4950 cycles

3 . 3. 5 Oxidation-Erosion Testing

Oxidation-erosion testing was conducted with a s ing le -s tage  combustor
whic h provided a hig h- tempera tu re  erosive gas s t ream with a veloci ty
of Mach 1. Methane and oxygen were  introduced into and burned within
a combustion chamber pressu r i zed  with shop air.  Twelve hollow ,
cyl indrical  specimens were mounted pa rallel  to the axis of the0 t e s t
fixture which rotated at 300 rpm . A test  t empera tu re  of 2075 F was
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cont inuously  maintained for  the test time of 100 hr  with the exception
of shu tdowns  to change the gas suppl y. Three  samples were  tested
for  each coat ing/al loy combination . The spec imens  were  evaluated
b y sec t ioning a t the point of maximum erosion and by measur ing the
amount  of coating removed . Each specimen was also sectioned at a
location remote f rom the erosion area to determine the orig inal coating
thic kn ess . The oxidation-erosion test rig is shown in Figure  3-32 .
The results  of the oxidation-erosion test , summarized in Table XXVII ,
reveal that AEP 32 coating is slightly bette r than Alpak on both alloy
7 13C and C 1023 . As compared to Codep B - l  and PWA 73 , it appears
to be at least equivalent. It is suggested f rom these r esul ts  that a
shor te r  test time or a lower tempera ture  possibl y 2000 °F for 100 hours
may have been more selective for  the coated alloys , R ene ’ 80 and B 1900 .
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Magn:  1X
(a) C1023/Alpak thermal fatigue specimen

Magn:  lOX
(b) Thermal fatigue crack after 2800 cycles on C1023/Alpak

Figure 3-31 Thermal  fat igue test specimens showing (a )  t h e r m a l  pat tern
and (b) a typ ical crack failure on C1023/Alpak
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Table 3-XXVU

Oxidation-Erosion Test Reaults

In i t i a l  Coa t i ng  Re moved
Alloy /Coa t ing  Specimens Coa t ing ,  Mils A it er  1GO H r s , Mi ls

7 l 3 C/ A l pak 1 3 .4  1.9
2 3. 0 1 . 0
3 3 .8 2 . 1

7 13C/AEP  32 1 3 . 0 1. 9
2 2 . 9  0 . 6
3 2 .9  0 . 4

C 1023 /Al pak 1 3 . 1 1. 9
2 2 . 7 1 . 5

C 1023/AEP 32 1 2 . 5  0 . 8

R ene ’ 8O/Codep B - l  

2 2 .8 1 . 8

Rene ’ 80/AEP 32 1 1.9
2 1.7
3 1 .7

B1900/PWA 73 1 3. 1
2 3 .4 2 . 2

B1900/AEP 32 1 3. 1 -~~
2 2 . 9  1. 7

C oa tin g removed
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3 . 4 TASK lv RECOAT IN G OF ENGIN E RUN TURBIN E COMPONEN T H A R D W A R E

3 . -i . I D i scus si on

Alumin ide  coa t ings  in a i r c r a f t  gas turbin e engines  func t i on  in hi g h
t e m p e r a t u r e  oxidizing env i ronments . De gradat ion of the coatings
is caused princi pally by dep letion of a luminum on the s u r f a c e  of the
nickel aluminide from formation of aluminum oxides. Even though
the a luminum oxides are protect ive , they are  removed by gas pat h
e ros ion  and spalling followed b y format ion  of addit ional  a luminum
oxides . The continuous loss of a luminum f r o m  the coating nickel
aluminides  cont inues  unt i l  the s u r f a c e  coating is incapable  of
f u r t h e r  p rotection f rom the operating environments . During en g ine
se rv ice  the exten t of the nickel alumin ide degradat ion is quite
va r i ab le. Some turb ine  components  have remnants  of protec t ive
coating while others from the same engine have completely exposed
s u b s t r a t e  with vary ing deg rees  of hot co r ros ion  at tack . F u r t h e r , this
broad s p e c t r u m  of s u r f a c e  conditions often exists on ind iv idua l
tu rb ine  components. The highl y var iable  s u r f ac e  condi t ion of the
t u r b i n e  components mus t  be considered in s u r f a c e  p repara t ion  fo r
overhau l  recoat ing.  Res idual  coating mate r ia l  can be removed by
chemica l  s t r i pping whi le  areas  of hot  co r ros ion  may r e qu i e ab ra s ive
t r e a t m e n t  to e f f e c t  the i r  removal .

The tu rb ine  h a r d w a r e  suppl ied  for  this task of the p r og r a m  exhibited
a broad s p e c t r u m  of the s u r f a c e  condi t ions  de sc r ibed  above . All
components  w e r e  re - inspec ted  due to thei r  marg inal condit ion and
only the five bes t  of each al loy/conf i gura t ion  w e r e  g iven the  c o m p lete
AEP 32 recoating operation . The remaining par t s  w e r e  used  f o r
s t r i pp ing,  recoating and p rocess ing  exper iments .

3 . 4 . 2  C h e m i c a l  Str i pping P r o c e d u r e

The chemical stri pping of all turbine hardware was accomplished by
u s i n g  a DDA approved  s t r i pp ing solut ion and p r o c e d u r e . To
e s t a b l i s h  the i m m e r s i o n  t ime for  comple te ly s t r i pping the coating
f r o m  the va r ious  a l loy /coa t ing  combina t ions , a 55 m i n u t e  cycle  was
established and repeated as required. The procedurc is summarized in
Table 3— XXV III .

T he  v a r i o u s  eng ine - run  componen t s  used fo r  the st r i pping e x p e r i m e n t s
w e r e  r e p r .~sentat iv e of the p r o g r a m  alloys and the i r  base  coa t ings .
Chemical stri pping of these representative components r equ i r ed
t~~o 

(
~ ) 55 min u t e  cycles for Rene ’ 80/Codep B-i coating and three (3)

-
~~~ ri t n u t e  cy c l e s  f o r  alloy 713/Alpak , C1O23/Alpak and B1900/PWA 73

- oatin1~—~. Aft e r each cycle  a he a t  t int  inspec t ion  was fol lowed b y a
- 

~- r - , •  ~~~~~ - -  i n at i o n  to d e t e r m i n e  a n d / o r  ver i f y when comple te  coating 
• t - ~ •~c .  i mp l i sh e d . Fi g u r e  3-33 t h r o u g h 3-36 i l l u s t r a t e s  the

- - 1nhi~~~i r a t 1 )n in the  a s - r e c e i v e d  condi t ion ; t h e i r  r e sp e c t i v e
- - • -i  th - i r -, i r f a c c  con d i t i o n  a f t e r  chemical stri pping.



Table 3-XXVII I

Chemica l  Str i pping P r o c e d u re s

• D ry  b l a s t  with 220 -240 gr i t  Al 203 at 30 psi g

• Clean with f i l te red  compr essed  a i r

• I m m e r s e  in s t r ipp ing solution

• Solution: ASC-ZN compound* - 20 oz. /gal.

Nitr ic  acid - 10 fI . oz . /ga l .

Water - to make 1 gal.
0• Temperature :  85 to 90 F

• Time: 55 minutes

Ag itation : Mild

• Rinse in cold wate r followed by hot wate r and dry

• Dry  blast with 220-240 gr i t  A1203 at 30 psi g

• Heat tint at 1300 ± 25°F/ a i r /15 -2 0  m m .

• Visual inspection

• Repeat cycle abov e as required

hs ASC-2N compound is an off-the-shelf product purchased from Alloy Surfaces
Company. Inc .
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(a )  Blades a s- r e c e iv e d  ix

_ _

‘ :TTT’T

— 

I

( h )  Coat ing as r ece ived  Afte r 3 s t ri p cyc les  Magn :  500X

Fig ur e  3-33 Alloy 7 13 C/ Al pak coated T56 1st Stage Turb in e Blade ,P/ N  6876564 , as received fo r  r e coa t i ng.  (b )  Photo-
mi c r ogr a p h s  i l l u s t r a t e  typ ica l  a i r fo i l  s u r f a c e  condi t ion
b e f o r e  and a f t e r  chemica l  s t r i pp ing.
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(a)  Blade as received Magn :  3 / 4 X
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(b)  C oating as received A f t e r  2 s t r i p c y c l e s  Magn :  SO OX

F i g u r e  3 -34  (a )  R e ne  8 0/ C o d e p  B - I  c o a ted  J79 1st S tage
T u rb i n e Blade , P / N  I 1OR342PO3 , as received .
( b )  P h u t om i c ro gr a p h s  dr t -  typ ica l  of b lades  mid-
a i r f o i l  s u r f a c e s  b e f o r e  and a f ter  c h e m i c a l
s t r i pp ing.
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(a )  Blades as rece ived  Magn:  IX
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b) Coa t i ng  as r i - e c i v e d  A f t e r  3 s t r i p c y c l e s  M ag n :  500X

Fi g ur e  3 — 3 ~ (
~

) 13 l~~0 Q/ p W A  73 coated F 100  1 s t  S t a g e  Tur b i n e  B l a d e ,
P / \  403 ~57 1 , as rec cived f o r  r u c o a t i n g .  h) Ph o t o mi c  r o —
g r a p h i l l u s t r a te s  ty p i c a l  a i r f o i l  su  r f a e  c o n d i t i o n  b e f o r e
ij id  o f t  t~ c h e m i c a l  s t r i p p i ng .
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(a)  Vane  as received  M a gn :  IX
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(b)  Coating as received  A f t e r  3 s t r i p  c y c l e s  Magn :  SOOX

Fig ur e  3-36 (a )  C l 02 3 / A l pak coated TF 4 1  2nd Stage  Vane A s sy .
P/ N  6866849 , as rece ived  fo r  r e coa t ing .

(b)  P l io torn ic  r o g r a p hs  i l l u s t r a t e  typ ical a i r f oi l  s u r f a c e
cond i t ion  b e f o r e  and a f t e r  c h e m ic a l  s t r i pping .
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0 Exposure of uncoated machined surfaces to chemical st ri pp ing
procedure

To verif y that the DDA chemical stri pping procedure did not attack
the uncoated surfaces  of the various program alloys , a cy l indrical
test specimen of each0 alloy was cent erl ess gr ound and index marked
at approximately 120 locations . The original diameters  of the
specimens w er e measur ed and reco rded . The specimens were
exposed to four 55 minute chemical stri pp ing cyc le s with the
diameters measured and recorded after each cycle. In order  to
isolate chemical attack f rom base metal removal by the ab r as ive
smut removal (220-240 grit  aluminum oxide , 25~~30 ps ig), the
specimens were water rinsed and wiped clean at the completion
of each 55 minute t reatment. Test resul ts  revealed that  the
chemical stripping treatment did not significantly affect the bare
surface dimensions of the program alloys. The only measurable
difference was a reduction of OJ~OO5 inch on th e B 1900 a ll oy
cylinder.

3. 4 . 3 Recoating of Eng ine-Run Turbine  Hardware

Hardware used for this evaluation represen ts  the var ious  p rog ram
alloy/coating combinations and was supplied by Air Force Log is tics
Centers (ALC) located at San Antonio, Texas (SAALC) and Oklahoma
City, Oklahoma (OCALC). Table 3-XXIX summar izes  the a l loy/coa t ing
and respect iv e hardware  confi guration in addition to the respons ib le
ALC overhaul facility. Five (5) components of each conf igura t ion  w e r e
processed for evaluation.

Table 3-XXIX

Summa ry of Engine Run Turbine Hardware  for Recoating

AIloy/Coatix~g Engin e Component P /N ALC

713C/Alpak T56 1st Stg B lade 6876564 SAALC

Rene ’ 80/Codep
B-i  J79 ls tStg .  Blade l1OR34~ PO3 OOALC

B1900/PWA 73 TF 30 1st Stg Vane 556652 OCALC

B 1900 / P W A  73 F l O O  1st Stg Blade P4039571 SAALC

C 1 02 3 / Alp ak TF 41 2nd Stg Vane 6866849 OCALC
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• S u r f a ce  Prep a rat ion

Al l  h a r d w a r e  was p r e p a r e d  fo r  recoa t ing  as out l ined  in  Table
3 —X X V I I I .  Two 55 minute  s t r i p p ing cycles  were  used on the
Ren e  80/Codep B-I components and three 55 minute  cy c l e s
on all other al loy/coating hard w are . Representa t ive  samples
were used as control specimens to ver i f y co mplete  coating
r e ii oval .

• R ec o a t i~~ with AEP 32

A f t e r  heat  t int  ve r i f i ca t ion  tha t  the par t  was p r o p e r ly p r ep a r e d
fo r  r ecoa t ing ,  all h a r d w a r e  was g iven a f inal  c leaning by
d e g r e a s i n g  and dry  b las t ing  wi th  240 gr i t  A1203 at 30 psi g.
Masking  and recoating of h ar d w a r e  was p e r f o r m e d  in accordance
with the  AEP 32 coating p rocedures  d i s c u s s e d  in Task I and
again de t a i l ed  in the  Documenta t ion  Sect ion , Task  V . Special
anoding was  r eq u i r e d  and developed f o r  the  TF4 1 2nd Stage Vane
A s s e m b l y as i l l u s tr a t e d  in Fi g ur e  3 -37 . All  o t h e r  anoding  was  a s i m p le
4 s ided ba ske t  c o n f i g ur a t i o n .

• T h e r m a l  T r e a t m e n t s

The coat ing d i f f u s i o n  t e m p e r a t u r e s  and t ime used f o r  the va r ious
componen t s  w e r e  as noted in Table 3 -Vu . P o s t - D i f f u s i o n  Hea t
T rea t m e n t s  w e r e  conducted as ind ica ted  in Table  3.- IX fo r  the
AEP 32 coa t ings  on p r o g r a m  alioys .

• Heat Tint Inspection

T b -  v a r i o u s  coated and d i f fu sed  componen ts  w e r e  c l e a n e d  b y d r y
b l a s t i n g  to a un i fo rm s u r f a c e  condit ion with 240 gr i t  A1203 at
25-30 psig followed by removing the r es idua l  a b r a s i v e  wi th
f i l t e r e d  a ir  b las t . The pa r t s  w e r e  then g iven a hea t  t int t r e a t m e n t
at 1300 ± 25°F for 15 to 20 minutes and inspected f o r  coat ing

over ag e . The var ia t ion  in colors  noted w e re  sl ig htl y d i f f e r e n t
fo r -each  coa t ing /a l loy  combinat ion. In g e n e r a l  there were two
colors  that  indicated coat ing  coverage , wh ich  was v e r i f i e d  by
n i e t a l l o g r a phic examination, in addition to the  typ ical  b lue
color  which  was r e p r e s e n t a t i v e  of the n o n - c o a t e d  base  al loy.
A b r o n z e - t a n  color  is r e p r e s e n t a t i v e  of the coa t ing ;  howev- -r ,
a b l a c k -gr ey  color was also detected on va r iou s p a r t s  and
iden t i f i ed  as a c h r o m e  r ich  o u t e r  l a y e r  of the  AEP 32 coa t ing .
This  b l a c k - g r e y  co lo r  is ‘ x t rem ei y thin and may be removed b y
d r y  b l a s t i ng ;  h o we ver , th i s  is not  r e c o m m e n d e d  or n e c e s s a r y .
Th i s  cond i t ion , as indica ted  by the  b l a c k -g r e y  color , was  on
most  of the AEP 32 coated p r ogr a m  t e s t  s a m p l e s  and was  not
f o u n d  to be d e t r i m e n t a l  on the  v a r i o u s  a l loys  e n v i r o n m e n t a l  or
m e c h a n i c a l  p r o p e r t ie s .
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Fi g u re  3 - 3 7  M u l t i p le anod e f i x t u r e  r equ i r ed  f o r  TF 4 1  2nd S tage  Vane
(c Io~~3 !Al ;p  32)
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P r c l i in in a  ry i n v e s t i ga t ion  of the  a p p l i c a b i l i t y ol the r t i  n e l c e t r i L
p r obe  i n spec t i on  (TEP)  of AEP 32 o v e r h a u l  c o a t i ng  s t r -  -u g l y
~u g ges t s  that  wi th  p r o p e r  c a l i b r a t i o n  f o r  e ach  a l l -  - y / e u a t i i i ~
c u mb u ~ation t h e  TEP t e c h n i que  could be i n i p l eu i e n t e d .

~
. —1 . 4 Eva lua t ion  of Recoated E n g i n e - R u n  T u r b i n e  H a r d w a r e

R ep r e s e n t a t i v e  o v e r h a u l  blades and vanes , f u l l y p r oc e s s e d  as de s -  r ibed
in Paragraph 3.4. 3 w e r e  sec t ioned  for  m e t a l l o g r a phic e v a l u a t ion .
Resu l ts  of this  evaluation a r e  d i s c u s s e d  in the fol lowing  s u b - s e c t i on s .

• T 5 6-A 7  F i r s t  Stage T u r b i n e  Blade ( 7 1 3 C  Alloy)  Recoat ec i  wi th
AEP 32

A p p e a r a n c e  of a typ ical Model  T 5 6 - A 7  1st  S t age  T u r b i n e  Blade
r e p r o c e s s e d  with AEP 32 coat ing  is shown in Fi g ur e  3 - 3 8 .
Coating t h i c k n e s s  on the a i r foi l  sec t ions  was r e c o r d e d  f o r  t he
c r o s s - s e c t i o n s  indica ted  by whi te  l ines and is r ep o r t e d  in
Table  3-XXX. Coating t h i c k n e s s  was sl i g htl y h e a v i e r  on the
leading and t ra i l ing  ed ges , bu t  the  coa t ing  t h i c k n e s s  r e q u i re m e n t s
of the spec i f i ca t ion  f o r  the base  coat ing  w e r e  met  in all  a r e a s .

Typ ica l  m i c r o s t r u c t u r e  of AEP 32 on the  7 13C T 5 6 - A 7  1st  S t age
Blade  is shown in F ig ur e  3-39. A sli g htl y d i f f e r e n t  s t r u c t u r e
was obse rved  at leading and t r a il ing  ed ges , as shown in Fig ur e
3_ 40 .

• J 7 9  1st Stage T u r b i n e  Blade (Rene’  80 Al loy)  Recoa ted  wi th
AEP 32

A p p e a r a n c e  of a typ ica l  Model J79 1st Stage T u r b i n e B lade
r epr o c e s s e d  wi th  AEP 32 coat ing is shown in Fig u re  3-4 1 .
Coat ing  t h i c k n e s s  m e a s u r e m e n t s  conduc ted  on the a i r f o i l  s e c t i o n s
indicated in Fig ur e  3-4 1 a re  r epo r t ed  in Table 3 - X X I . The
AEP 32 coating was uni form in t h i c k n e s s  and c o n f o r m e d  to the
spec i f i ca t ion  l imi ts  fo r  the basel in e coat ing  on th is  com p o n en t .
The v a r i o u s  li g ht and d a r k  a p p e a r i n g  s u r f a c e  a r e a s  o b s e r v e d  in
F i g u r e  3 - 4 1  w e r e  not r e f l e c t e d  in coatin g t h i c k n e s s  or  obv ious
rn i c r o s t r u c t u r al  var ia t ions .

Typ ical mi c r o s t r u c t u r e  of AEP 32 coating on the  Rene ’ 80 TF 30
Blade is shown in Fig ur e  3 -42 .

• F 100 1st S~~~ge T u r b i n e  Blade  (B1900  Alloy)  Recoated wi th
AEP 32

A p p e a r a n ce  of a t yp ica l  Model  F100 1st Stage  Blade r e p r o c ess e d
with AEP 32 coating is shown in Figure 3-43 . Coa t ing  t h i c k n e s s
mea~;u r e m en t s  conducted  on the a i r fo i l  s ec t i ons  ind ica ted  in
Figu r e  3 -43  are  shown in Table 3-XXXH.  Coat ing t h i c k n e s s  and
s t r u c t u r e  was ve ry  u n i f o r m  and conformed to the s p e c i f i c a t i o n
l imi ts  fo r  the base l i ne  coatin g on this componen t ~--xcep t  f o r
occas ion al  thin spo t s  on the concave  s ide of t he  a i r f o i l  n e a r  the
b lad e base .
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Typical microstructure of AEP 32 on the B 1900 F 100 Blad eis shown in Fig u r e  3-44 .

• TF 30 1st Stage Turb ine  Vane (B 1900 Alloy) Recoateci with

A pp earance of a typical  Model TF 30 1st Stage Turbine Vanereprocessed with AEP 32 coating is shown in F ig ur e  3-45.Coating thickness measurements  conducted on the airfoil  cross-sec tion s indicated in Figure 3-45 are  shown in Table 3-XXXIII.In genera l , the coating was sli ghtly thicker  at the leading andt ra i l in g ed ges , but was still within the specification limits forthe base coating. The coating was thin on the concave surfacesof the airfoil , par t icular ly near the outer shroud . This coincideswith a d i f fe rence  in su r f ace  texture observed visual ly in theairfoil/shroud radius as shown in Figure 3-45. Metallographicevaluat ion of the sh roud  sections indicated in Figu re  3-45sugges t s  that this vane configurat ion will require  contourfixtur ing  similar to that used fo r  mult i - a i r fo il  vane assembl iesin order to ensure adequate coating thickness and structureon the con ca v e airf oi l sur f aces and in the radius just descr ibed .
Typical  mic ros t ru c tu re  of AEP 32 on the B 1900 TF 30 1s t Sta g eVane is shown in Figure  3-46. The series  of photomicrographsin Figure 3-47 reflect the micros t ructures  in the area of thebare spot  at the airfoil/shroud radius described above. Thesephotograp hs also show considerable residual oxidation productswhich had penetrated the base coating during engine serviceand were not completely removed prior  to r~ coating.

• ~~~~~~ 2nd Stage Turbine Vane Assy (C l 0 2 3~~~~~~~~~~~~~~~~~~.~,j~~

Appearance of a typical Model TF 41 2nd Stage Turb ine  VaneAssembl y reprocessed with AEP 32 coating is shown in Figure3-4 8. Coating thickness measurements  conducted on the airfoilsections indicated in Figure 3-48 are shown in Table 3-XXXIv.Coating thickness was uniform in s t ruc ture  and thickness andmet the specification limits for the baseline coating on thiscomponent, exce pt f or thin spots on th e leading an d trailin gedges caused by overbiasting. Typical microstructure of AEP 32on the C 1023 TF 41 Vane Assembly is shown in Figure 3-49.
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Table 3-XXX

Coat ing Thickness  Measurement s  on 7 13C T56 A7 l st
Stage Blade

Station No . N e a r  Blade Base Mid Blade Leng th  N e a r  Blade  Tip

1 . 0011 inch . 0018 . 0022

2 . 00 14 . 002 1 . 00~~5

3 . 0016 . 0019 .0 0 1 4

4 . 0015 . 00 15 .00 K

5 . 00 12 . 0018 . 0 0 1 5

6 . 0015 . 0018 . 00 15

7 . 0014 . 0012 . 0012

8 . 0014 . 0014 . 0 0 12

9 . 001 1 .00 12 . 0 0 12

10 . 0018 . 0015 . 0020

Avg. .0014 Avg. .0016 Avg. . 0 0 1 5

The specification for  the baseline coating (Alpak)  on 7 13C r e q u i r e s  a c o a t i ng

t h i c k n e s s  of .0010- . 0030 inch.
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Iiit
Magn: lX

Fi g ur e  3-38 A p p e a r a n c e  of a typ ical ove rhau l  T56 1st S tage  T u r b i n e
Blade r e p r o c e s s e d  wi th  AEP 32

Magn:  500X

F i g u r e  3 -39  T yp ica l  m i cr o s t r u c t u re  of AEP 32 coa t ing  on r ep r o c e s s e d
alloy 7 13C , T56 1st Stage T u r b i n e B l a d e s
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Magn:  I O O X

i\ a gn :  ~ D0X

Fig u re  3- 4 0  ? ‘J i cr o st r u c tu r e  t yp ical  of l e a d in g  and ir  ~i 1i- g -d g c s  on
AEP  3 2 —  r ecoa ted  7 13C a lU v T So 1s t  S to ~ 1 i r b i n e  B lad e
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