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DI SCLAI MER

The Increnmental Changes published by GE Aviation are considered Instructions for
Conti nued Airworthiness. These Increnental Changes, along with the current Manual
revi sion and published Tenporary Revisions, constitute the latest Instructions for
Conti nued Ai rwort hi ness.

GE Desi gnat ed: - CONFI DENTI AL-

The information contained in this docunment is GE proprietary information and is

di sclosed in confidence. It is the property of GE and shall not be used, disclosed to

ot hers or reproduced wi thout the express witten consent of GE, including, but wthout
limtation, it is not to be used in the creation, manufacture, devel opnent, or
derivation of any repairs, nodifications, spare parts, designs, or configuration changes
or to obtain FAA or any other governnent or regulatory approval to do so. If consent is
given for reproduction in whole or in part, this notice and the notice set forth on each
page of this docunment shall appear in any such reproduction in whole or part.

This technical data is considered subject to the Export Adm nistration Regul ati ons (EAR)
pursuant to 15 CFR Parts 730-774. Transfer of this data by any neans to a Non-U. S.

Person, whether in the United States or abroad, wthout the proper U S. Governnent
aut hori zation (e.g., License, exenption, NLR, etc.), is strictly prohibited.

Copyri ght (2022) Ceneral Electric Conpany, U S A

H GHLI GHTS

H GHLI GHT REFERENCE DESCRI PTI ON OF CHANGE
sk70-71- 04- 700- 054 Techni cal Change: Added Figure 51 and Figure 52 throughout the procedure

TASK 70-71-04-700- 005
1. Ceneral.

A.  This procedure describes the nmethod of preparation and the evaluation criteria used to
determne the integrity of thermal spray coatings as required per the shop manual or TASK
70-70- 00- 700- 001, Testing and Quality Anal ysis.

B. The nost expedi ent nmethod of detecting voids, oxide inclusions, unnelted particles, phase
separation, and other nmetallurgical deficiencies in thermal spray coatings is by the
m croscopi ¢ conparison of the test specinmen with the photom crograph of a standard of known
quality.

C. The preparation of test specinmens and the interpretation of photom crographs requires
consi derabl e experience and practice, as well as conplete famliarity with the particul ar
equi pnent available in a given | aboratory. Recognizing this inherent diversity, the foll ow ng
text presents only those practices for the guidance of the netall ographer that have proven
general ly satisfactory in the preparation of coated specinens. For exanple, training is
avail abl e from
(USA) Metcut Research. Refer to the List of Suppliers in Step 4 of 70-80-00.

(Turkey) GE Marnmara Technol ogy Center Coating Primary Laboratory. Refer to the List of
Suppliers in Step 4 of 70-80-00.

This training will assist the metall ographer in devel oping effective, equival ent procedures to
eval uate thermal spray coatings.

2. Equi pnent .
Subt ask 70- 71- 04- 700- 051
A. Sectioning equi pnent. Refer to Subtask 70-71-04-700-053, Preparation of Specinens.
B. Ginding/polishing equipnment. Refer to Subtask 70-71-04-700-053, Preparation of Specinens.
C. Consumabl es. Refer to Subtask 70-71-04-700-053, Preparation of Specinens.
D. Mcroscope and associ ated tools.
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CAUTI ON:. BEFORE YOU DO A METALLOGRAPHI C EVALUATI ON, YOU MJUST GET THE APPLI CABLE PHOTOSTANDARD FROM

GE

E. Photostandards. High quality photostandards referenced in Table 3 nmay be obtained through the
Customer Service Center - GE Aviation Operations Center (ACC). Refer to the List of Suppliers
in Step 4 of 70-80-00

NOTE: Al |

figures in this procedure are only representati ons of the photostandards and cannot be

used to do eval uati ons.
3. Preparation of Specinens.

Subt ask 70-71- 04-700- 053
A, General
(1) Metall ographic preparation of thermal spray sanples involves the preparation of a conposite

speci men conposed of the coating and substrate material. Coating types can vary from soft
porous abradabl es to di nmensional restoration netal build-ups to hard face materials. Many
coatings with simlar properties can be prepared using a universal standard nethod.
However, materials at the soft or hard end of the spectrum nay necessitate specia

consi derations.

(2) Methods devel oped for netallic-only sanples can be used for coating sanples with two

i mportant considerations:

(a) Coatings are usually nore heterogeneous in nature than (for exanple) wought or cast
net al s.

(b) Coatings can be nore sensitive to damage (such as snearing and pull out) during
preparation.

(3) These considerations substantiate the recomendati on of seni-automated or automated

grindi ng/ pol i shing machines for thermal spray materials in lieu of manual polishing for
consi stent reproducibility and control of process paraneters.

B. Sectioning
(1) Many spray shops elinminate the need for sectioning by spraying a small sanple that can be

mount ed and then ground/ polished to an appropriate plane for reviewinterpretation.

If sectioning is required, two common net hods are abrasive wheel cutting or dianond wire

cutting. The follow ng considerations should be nmade:

(a) Always section with the cut force fromcoating to substrate.

(b) Use ninimal clanping pressure and, if possible, a soft cushion such as wood to secure
the specimen for sectioning. This will mninize possible cracking of the coating and
alteration of the structure.

(c) Wien sectioning, the usage of a thin sectioning wheel will mninize damage whi ch nust
be renoved in subsequent steps.

(d) Apply m ninmum pressure during actual cutting to mnimze possible overheating of the
speci nen and alteration of the structure.

(e) Wheels which are conprised of a binder that breaks down readily exposing fresh cutting
surfaces are usually best for a wi de range of coatings.

(f) For the choice of sectioning nethod, it is critical to maintain witten procedures and
identify the critical parameters requiring control for consistent techniques.

C. deaning

(1)

Cleaning is an inportant step after sectioning; cleaning renoves all contanmi nates fromthe
surface of the specinmen and renoves any fluids that may have penetrated into the coating of
the material, especially porous materials. Reconmended net hods of cl eaning may include the
foll owi ng or any conbi nation thereof:
(a) Washing with soap and water.
(b) Brushing or soaking of sanple in solvent-like nmaterials such as acetone/al coho
foll owed by application of heat with a heat gun or hotplate to drive off any interna
absor ption.
(c) deaning of sanple by perfornmng an initial/extra vacuumstep (if using vacuum
i mpregnation in nounting) to volatilize any entrapped materials.

D. Mounting

(1)

(2)

(3)

(4)

(5)

(6)

Mounting is a very critical step for netall ography of coatings because this procedure
serves to hold the sanple together during grinding/polishing. This is especially true for
porous naterial s.

Met hods for mounting of coating materials are suggested bel ow and soneti nes used toget her
(a) Hot Mounting (in a press).

(b) Cold Muwunting (can be assisted by heat, vacuuminpregnation, or pressure inpregnation).
Suggested nmounting materials for coatings are:

(a) Hot nobunt epoxi es.

(b) Cold nmount epoxi es.

Choi ce of mounting procedure/material should be driven by:

(a) Time available for nounting.

(b) Sizel/level of porosity in coating and degree of interconnected porosity.

(c) Required viscosity of epoxy for inpregnation of porosity, if inportant.

(d) Hardness of coating vs. nounting material

For porous coatings |ike abradables, thermal barrier coatings (TBC), and other naterials,
cold mounting with vacuum i npregnati on and/or pressure inpregnation is recomended. The
viscosity of the cold nmount epoxy will be inportant if porosity in the coating is small and
difficult to inpregnate.

A well inpregnated sanple will also show | ess tendency towards pullout of phases and
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(7)

m crostructure damage

For the choice of nounting nethod/material, it is critical to maintain witten procedures
and identify the critical parameters requiring control for consistent techniques.

Gi ndi ng/ Pol i shi ng

(1)
(2)

There are nany nethods/formats avail abl e for preparation of coating sanples prinmarily
enconpassi ng traditional grinding papers and the relatively new disc systens.
Critical paraneters that nust be considered/controlled in preparation are:

Par anet e

r

Descri ption

Pressure
Speed

Appl i ed/ speci fi ed per nount
Both the table and speci nen hol der

Rotation direction Rel ative rotation of the head with respect to the table

For mat

Abr asi ve
Ori ent at

i on

Frequency
| ubri cant Gl, water, alcoho

Type of

Quantity
Ti me

of

Ginding: disc vs. grinding papers
Pol i shing: no-nap vs. high-nap clothes

D anond, SiC, colloidal silica, A 203
How sanpl es are placed in the holder with respect to wheel rotation
How often is | ubricant/abrasive applied

| ubri cant Defi ne general ampunt with either nmanual or automatic application
Duration for the individual steps

G

(3)

(4)

(5)

(6)

(7)

(8)

When choosing a preparation nethod for a coating type, the following itens nust be
consi der ed:

(a) Aggressiveness of grinding/cutting action.

(b) Hardness of coating vs. abrasive type

(c) Tendency of coating phases to be pulled out.

(d) Composition of coating phases to prevent chem cal attack

(e) Degree of inpregnation from nmounti ng.

(f) Tendency of snearing (closing porosity).

When initial grinding is perforned, care nust be taken to renove cut-off damage if the
sectioning step was used. |f an as-sprayed coupon was nounted, renove sufficient nmateria
to elimnate any coating edge effects. Many | aboratories use al um num oxi de grindi ng stones
for renmoval of this initial material

Pol i shing formats for coatings usually involve noderate to extended times on no-nap clothes
foll owed by short finishing steps on higher-nap clothes. Care nust be taken to avoid over
polishing with colloidal silica in the final polishing steps.

Typi cal procedures involving both grinding paper and disc formats are shown in Tables 1 and
2. These procedures nmay require nodification for different coatings and equi pnent avail abl e
in specific |aboratories.

Equi pnent is available that will control sone or all of the critical paraneters. These

sem -autonati c/autonati c nmachines, in conjunction with witten procedures that
nonitor/control critical parameters, will result in consistent and reproducible results.
Periodic calibration and mai ntenance of the equipment will assure reliability and
repeatability.

Consunabl es

(1)

Use
(1)

(2)

Consumabl es used in the netall ographic process are obviously very critical to the fina
result. It is inportant to obtain high quality materials to insure reproducibility and
consi stent results. Although consistency froma reliable manufacturer is usually good,
products from conpany to conpany can vary due to |ack of standards within the industry.
Changes in consumabl e suppliers should be considered carefully. It is suggested that if
changes are nmade to an already established procedure with new consumabl es, sone tria
sanpl es should be run to insure simlar performance and results. Sone issues that can occur
are:
(a) The anount of grit deposited on a grinding paper can vary resulting in renoval
di fferences during grinding.
(b) The anount of dianpbnd in a suspension can vary resulting in renoval differences during
pol i shi ng.
(c) The distribution of particle size in a suspension can vary resulting differences in
mat eri al s renoval and possibly scratch retention
(d) Changes in the type of carrier in a suspension can affect material renoval rate and
performance. This may al so affect the corrosive potential of the solution
(e) Over-polishing can result with the excessive tine/usage of colloidal silica.
of Physical Metallographic Standards
A relatively new concept is the use of netallographic standards sinilar to hardness bl ocks
for Rockwel |l machines. For daily calibration of the hardness tester, a hardness block is
tested to insure the nachine is reading within the range of the block. A sinilar principle
can be used with known netall ographi ¢ nounts or standards.
Changes can occur in preparation nachi nes and consunabl es wi thout the netall ographer
detecting the variance. Preparation with sem -autonatic/autonatic nmachi nes usually invol ves
gri ndi ng/ polishing of nore than one nmount. |If the netall ographer has a known sanple from
either a good spray run in the past or possibly a Round Robin in the thernal spray
i ndustry, the netall ographer can place that specinen in the rack before being run. If the
results on the "known" sanple are simlar to previous values, it can be assuned that the
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procedure is under control. If results are different, sonething has changed in preparation
and an investigation of the netall ographic technique is in order

(3) This procedure is not suggested for every rack of nounts that is prepared. Some reconmended
situations may be:

(a) Periodic sanpling such as once every two weeks,
machine is not on a daily basis.

(b) Results indicate a failing spray run and the production group cannot
for the unacceptabl e val ues.

(c) Introduction of new consumabl es of grinding/polishing methods.

(d) Sources of these netall ographic standards can be:

or nmore frequent if the use of the

identify a reason

1 I nternal conpany Round Robins between sites.
2 Participation in industry Round Robins.
3 Passi ng sanpl es from previ ous spray runs that may have been revi ewed and accepted
by a conpany representative.
Ginding Paper Format - Table 1

Sur f ace Git Pressure Speed Ti me Abr asi ve Lubri cant
Si ze per Mbunt

Grindi ng 180 5 | bs. 300 30 sec SiC Usual |y

Paper s (enough papers to wat er

flatten speci nen

and renove

danmage/ edge

ef fects)
Grindi ng 240 thru 5 | bs. 300 30 sec SiC Usual |y water
Paper s 800/ 1200 (usually 2 papers

per grit size)

No-nap Coth Can be in 5 | bs. 300 Can be in the Poly or Usual |y water
t he range of range of 1 to 4 mono-crystal -1ine or al coho
l1to6 m nut es di amond
m cron
di anond

Hi gher - nap Usually 0.05 5 | bs. 300 Usually 15 to 30 Col - | oi dal Usual |y water

Cloth m cron sec silica, Al 233 or al coho

NOTE: AIl Rotations are Conplinentary.

Typi cal Procedure Wth Disc Format - Table 2
Sur f ace Git Pressure Speed Ti me Abr asi ve Lubri cant
Si ze per Mount

Fi xed Di amond 40 to 60 5 I bs. 300 2to4 mn Pol y- or Usual | y

or Conp-osite mcron (enough papers Mono-crystal-Iine water

D sc to flatten di amond

speci men and
remove
damage/ edge
ef fects)

Fi xed Diamond 6 to 9 5 I bs. 300 3to5 mn. Pol y- or Usual | y wat er

or Conp-osite mcron (usually 2 Mono-crystal -1ine

Di sc papers per di amond

grit size)
No-nap Cloth Can be in 5 | bs. 300 Can be in the Poly or Usual |y water
t he range range of 1 to nmono-crystal-line or al coho
of 1 to 6 4 mnutes di amond
nm cron
di amond

Hi gher - nap Usual |y 5 I bs. 300 Usually 15 to Col -1 o0i dal Usual | y wat er

Cloth 0.05 micron 30 sec silica, A 233 or al coho

NOTE: AIl Rotations are Conplinentary.

4, Met al | ogr aphi ¢ Eval uati on.

Subt ask 70-71-

04-700- 054

A. Definitions

(1) The follow ng definitions should be used for eval uation:
I nterface Contam nation

(a)

Enbedded foreign particles or contam nation between the base neta
This contamination nmay be in the formof base netal oxides, grit, or
remai ning from previous stripping operations.

(b) Coating Contam nation
Foreign material present in the coating. This contam nation nmay be in the form of
metallic or ceramic particles. These particles nmay cone from nozzl e hardware,
cont ani nat ed powder feed systens, etc.

(c) Transverse Crack

and the coating.
resi dual coating

A linear or branched separation with randomdirection within the coating that mnust be
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greater than 0.002 inch (51 microneters or 2 mil) to be ratable. Cracks are only
ratable in a thermal barrier ceranic coating when greater than 0.005 inch (0.127 M) in
total length. Exami nation shall be perfornmed at 200X

(d) Delam nation
A separation or horizontal defect that follows, or is associated with, contour of the
linear build-up or coating layers that nmust be greater than 0.010 inch (254 mcroneters
or 10 ml) to be ratable. For linear interface defects, see Separation.

(e) Field of View (FOV)
A unit area as viewed or photographed using normal |ight mnicroscopy.
A unit of nmeasure to aid in evaluation to deternine the percentage of occurrence for a
particul ar condition.

(f) Git Blast Inclusion
Enbedded abrasive particle associated with the substrate surface preparation.

(g) Hardness
Resi stance to deformation.

(h) Integrity
Overall coating quality prinmarily associated with oxides porosity and unmnelted
particles.

(i) Layering
Stratification of coating components or features.

(j) Oxide
Oxi di zed coating constituent.

(k) Oxide Clusters

Concentration of oxides that nmust be greater than 0.003 inches (75 microneters) to be
ratabl e.

(I) Oxide Stringers
Li near oxi des.
(m Porosity
Typical holes within a coating.
(n) Pull-out
Mechani cal | y i nduced danage associ ated wi th netal | ographi c preparation
(0) Separation
A defect that follows, or is associated with, the contour of the interface. It nust be

| onger than 0.005 inches (125 microneters) to be ratable. For linear intracoating
def ects, see Del ami nati on.

(p) Straight-line Interface
A condition associated with insufficient roughening of the surface prior to spraying.
(q) Unnelted Particles

Unreacted powder particles contained within the coating matrix. These particles have a
round or gl obul ar appearance (3:2 ratio), are not adhered to the surroundi ng coating
matri x by any nore than 25% and are greater than 0.002 inch (50 microneters) in any
direction.

(r) Uniformty
Honmobgenous distribution of coating constituents (e.g. phases, porosity, oxides, etc.).
B. Rules for Metallographic Evaluation of Coated Test Sanpl es
(1) Bondcoat Systens (Two areas):
(a) Must review bond between bond and top coati ngs.
(b) Must review bond between bond coat and substrate.
NOTE: A single preparation nmethod may not be suitable to review both bond and top coatings.
(2) Transverse Coating Cracks:
(a) Review for cracking.
Al'l indications of less than 0.002 inch (51 microneters) nust not be considered a
def ect .

(b) Defects shall be repolished and re-eval uat ed.
(3) Delam nation
(a) Review for del am nations.

Al'l indications of |ess than 0.010 inch (254 micronmeters) in length nmust not be
consi dered a defect.

(b) Defects shall be repolished and re-eval uat ed.
(4) Edge Effects
(a) Do not evaluate coating areas | ess than 0.010 inch (250 microneters) fromthe test
pi ece edge of coating runout.
(5) FOV (Field of View
(a) Shall be representative of a particular or predom nate condition.
(b) A periodic sanpling across the coating sanple.
(c) Wien addressing specific rejectable conditions, they are to be characterized by
nmeasuring the affected fields of view
(6) M crohardness
(a) Refer to Subtask 70-34-02-220-082 Vickers Hardness Testing, to neasure the
m cr ohardness of coati ng.
(b) Del eted.
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(7)
(8)
(9)

(c) Deleted.

[I'lum nation

(a) Bright field shall be used for conparison with photographic standards.
Magni fi cation

(a) Sanme as the Photom crographic standards

Mount Materi al

(a) Cold nounting is preferable.

NOTE: Vacuum i npregnation is recommended for porous coatings |ike TBCs and abradabl es.

(10) Repol i shing/ Regrindi ng

(a) Repolishing is linmted to tw (2) tinmes. This neans a maxi numtotal of three (3)
preparation cycles is permtted, conprising the initial preparation and two (2)
repolish cycles. Repolishing is only pernitted for metallurgically induced defects such
as cracks, delam nation, separation, pull-out, phase contrast, and spalling.

(11) Sanpl e Size

(a) Suggested panel size shall be 0.060 inch (1.5 nmm) thick x 0.75 inch (19 m) width x 1.5
inch (38.1 mm) | ength.

(b) If mnimal panel size is not practical, coated panels used for netall ographic
eval uation shall be | arge enough to avoid edge defects and cutting defects.

(c) Mninum separation between cuts shall be 0.5 inch (12.8 mm.
(d) Specinmen shall be cut through the width.

NOTE: The spray direction can influence the netallographic result.

(12) Thi ckness

(a) Coating thickness on netall ographic test specinen shall have the sanme as-sprayed
coating thickness as the part.
For qualification test specinens; coating thickness for netallographic investigation
shal | be 0.008-0.012 inch (200-300 nmicroneters) for a single coating. For a duplex
coating, the bond coat shall be 0.003-0.008 inch (75-200 micronmeters) and the top coat
shal | be 0.008-0.012 inch (200-300 nicroneters).

(13) I n-between Condition

(a) If the visual interpretation is in-between the rejectable and the acceptable
phot omi cr ogr aphi ¢ standards, it must be rated to the | ower (worst) condition

(14) Percentage of Field Rule

(a) Inrating a coating mcrostructure, the 5 percent cunul ative feature ocurrence can be
nore than the | evel in photographic standards. If less than 5 percent of the views are
nore than the photographi c standard, the coating netall ography is acceptable.

C. Ceneral M crostructure Eval uation

(1)

When specified by the Engi ne/ Shop Manual, netall ographic exanination of the prepared

speci men shall be made for the follow ng other conditions:

(a) Porosity.
Exanmi ne at 200-500X. Estimate visually, quantify by inmage analysis, quantify by grid
count, or conpare to appropriate photostandards. Porosity shall be uniformy
di stri but ed.

(b) Interface Contam nati on and Separati on.
Exami ne at 200-500X for the presence of contanination. This may be in the form of
oxi des, grit, or residual coating fromprevious stripping operations. Estimate the
percent of contami nation for comparison to acceptance values in either number or
phot ost andard format. The coating shall be free of interface separations as defined in
70-71- 04.

(c) Unmelts
Exani ne at 200-500X for the total percent of unnelts for conparison to acceptance
val ues in either nunber or photostandard format. Unnmelts can be associated with
porosity and oxides. Ratable unnelts shall be determ ned by exam nation of size, shape,
and bondi ng for each particle.

(d) Oxides and Oxide Custers
Exami ne at 200-500X, noting the presence of oxides that may appear in either stringer
or globular form Care nmust be taken not to include porosity as part of the oxide
content. The coating shall be free of oxide clusters as defined in 70-71-04. Oxides
shal |l be uniformy distributed.

(e) Transverse Cracks
Exani ne at 200X. When evaluating for cracks, it is nost inportant to differentiate
bet ween cracks caused by nechani cal danage and those which are intrinsic to the
structure. Cracks that are perpendicular to the base netal nmay sonetines be caused by
flexion of the substrate or by thermal stresses. The |l ater types of cracks are to be
noted. The coating nmust be free of transverse cracks as defined in 70-71-04.

(f) Delaninations
Exani ne at 200X. When eval uating for delam nations, it is nobst inportant to
differentiate between del am nati ons caused by nechani cal danage and those which are
intrinsic to the structure. Del am nations which propagate along or parallel to the base
metal interface are comonly (but not always) a result of nechanical danage. The
coating shall be free of delam nations as defined in 70-71-04.

(g) Integrity
Exanmi ne at 200-500X. This is a neasure of the overall coating quality and soundness.
This characteristic applies to netallurgical abnormalities such as areas of |oosely
bonded coating, pieces of the gun nozzle in the structure, and other rejectable
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conditions. The coating shall show acceptable integrity as defined in 70-71-04.
Photo Cross Reference - Table 3

Fi gure No. GE Phot o No. Fi gure No. GE Phot o No.
1 8603003 27 S26217

2 317961 28 S1386- 1
3 321659* 29 S1386- 2
4 321660* 30 d38418

5 C72031014 31 d38419

6 9008005 32 9308002
7 9008006 33 S- 051650
8 9008007 34 S- 051651
9 9008008 35 S- 051652
10 317966 36 S- 051653
11 325698 37 S- 051654
12 325699 38 S- 051655
13 325700 39 S- 051656
14 8907003 40 8907000
15 8907002 41 8907001
16 8710001 42 8603005
17 9010008 43 d33998
18 8807028 44 d39928
19 8807029 45 8906001
20 8007221 46 8906004
21 8704002 47 8906002
22 9011003 48 8906005
23 8806001* 49 8906006
24 9308001 50 8906003
25 S8873 51 S-077278
26 9209001 52 S-077277

*The requirenent for these photos has been deleted. Copies will no |onger be supplied.
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Figure 1 Void Content in Thermal Sprayed Coatings (200X)
* % * FOR ALL
GE PROPRI ETARY | NFORVATION - Not to be used, disclosed to others or
Date Printed: reproduced w thout the express witten consent of GE. Technical data is Page
2022/ 07/ 08 consi dered | TAR and/or EAR controlled; transfer of this data to a Non-US 8 of 59

Person, wi thout USG authorization, is strictly prohibited.



COWERCI AL ENG NE STANDARD PRACTI CES MANUAL GEK9250 - Rev 111, 04/01/2022
| C 70-71-04-015 SPM 70-71- 04 METALLOGRAPHI C EVALUATI ON OF THERVAL SPRAY COATI NGS

1148277014,
Figure 2 Void Content in Thermal Sprayed Coatings (500X)
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Figure 3 Total Void Content in Nickel-Gaphite Sprayed Coatings (50X)
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Figure 4 Total Void Content in Nickel-Gaphite Sprayed Coatings (50X)
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Figure 5 Total Void Content in Nickel-Gaphite Sprayed Coatings (100X)
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Figure 6 Oxide Content in Thermal Sprayed Coatings (200X)
* * * FOR ALL
_ GE PROPRI ETARY | NFORMATION - Not to be used, disclosed to others or
Date Printed: reproduced without the express witten consent of GE Technical data is Page
2022/ 07/ 08 considered | TAR and/or EAR controlled; transfer of this data to a Non-US 13 of 59

Person, wi thout USG authorization, is strictly prohibited.



COVWERCI AL ENG NE STANDARD PRACTI CES MANUAL GEK9250 - Rev 111, 04/01/2022
IC 70-71-04-015 SPM 70-71- 04 METALLOGRAPHI C EVALUATI ON OF THERMAL SPRAY COATI NGS
L
i o~
(1 =
LY "_.-ih
|

[ 3
¥
» 8
i bl |
-
Y L .
&
Y
A r i
i
]
*,
1"
¥

_— |'I
"' —
- ." o ’ ‘.\‘l -t
— v - g
A ) A
-  § o -
'h“ ¥ | R Ay 1 > g - .
AR Y W S
- [ "'.'..i"'_.I
: . - -
4 - ® ., ".I a.“: > & ~ " .y -
W . 1? "--.- -
e
s T g, :
u

* * * FOR ALL

Coati ngs (200X)

1017100-04
Figure 7 Void and Oxide Inclusions in Coating-Substrate Interface of Thernal
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UNMELTED PARTICLES IN PLASMA SPRAYED COATING, NOTE: EXAMPLES OF UNMELTED PARTICLES ARE CIRCLED
FOR IDENTIFICATION. UNMELTED PARTICLES ARE SPHERICAL NONFLATTENED, OR PARTIALLY FLATTENED PARTICLES
WITH AN ASPECT RATIO OF WIDTH TO HEIGHT LESS THAN 3:2, VIEWED AT 200X MAGHNIFICATION.

1017107-04
Figure 8 Unnelted Particle Content in Thermal Sprayed Coatings (200X)
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COATINGS AT 500X MAGNIFICATION, 1299261-00-A

Figure 9 Cobalt-Ri ch Phase Content in Tungsten Carbide Thermal Sprayed Coatings (500X)
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APPARENT TOTAL VOID AND INCLUSION CONTENT IN THERMAL SPRAYED COATINGS AT 100X MAGNIFICATION.
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Figure 10 Total Void and Inclusion Content in Thermal Sprayed Coatings (100X)
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Figure 11 Metallic-Ceramc Phase Distribution in Cermet Thermal Sprayed Coatings
(250X)
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Figure 12 Metallic-Ceram c Phase Distribution in Cernmet Thermal Sprayed Coati ngs
(250X)
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Figure 13 Metallic-Ceramc Phase Distribution in Cernmet Thermal Sprayed Coati ngs
(250X)
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Figure 14 Al um num Oxi de Coating M crostructures
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Figure 15 Typical Features - Al um num Oxi de Coati ng
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Figure 16 Typical Mcrostructure of Alum num Silicon Pol yester Abradable Coating
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Figure 17 Apparent Porosity of Ceram c Thermal Barrier Coating
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Figure 18 Apparent Porosity of Ceram c Thermal Barrier Coating
* * * FOR ALL
_ GE PROPRIETARY | NFORVATION - Not to be used, disclosed to others or
Date Printed: reproduced without the express witten consent of GE Technical data is Page
2022/ 07/ 08 considered I TAR and/or EAR controlled; transfer of this data to a Non-US 25 of 59

Person, wi thout USG authorization, is strictly prohibited.



COWERCI AL ENG NE STANDARD PRACTI CES MANUAL GEK9250 - Rev 111, 04/01/2022
| C 70-71-04-015 SPM 70-71- 04 METALLOGRAPHI C EVALUATI ON OF THERVAL SPRAY COATI NGS

25 PERCENT POROSITY 200K

1101B5E-01-A
Figure 19 Apparent Porosity of Ceram c Thermal Barrier Coating
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Figure 20 Mcrostructure Typical of Thermal Barrier Coating
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Figure 21 Voids Porosity and Oxides in HVOF Coati ng
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Figure 22 Inconel 718 HVOF Spray, Preferred Mcrostructure
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Figure 23 Voids Porosity and Oxi des in As-Sprayed Coating
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Figure 24 Oxide Content in As-Sprayed
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NOTE: THIS PHOTO SHCWS THE MAXIMUM ALLCWABLE LEYE_S OF PORDSITY IN DIFFERENT
COATINGS. ¥-1 13 FOR PLASMA AND WIRE-SFRAYED COATINGS. V-2 IS FOR HVOF COATINGS.

Figure 25 Porosity in an As-Sprayed Coating Viewed at 200X
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Figure 26 Apparent Total Nickel Content in N ckel-Gaphite Thermal Sprayed Coating at
50X
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Figure 27 Voids, Porosity, and Oxides in As-Sprayed Coating (D anond Polished) at 200X
and 500X
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Figure 28 Unnelted Particle Content in Alum num Silicon Phase
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Figure 29 Unnelted Particle Content in Alum num Silicon Phase
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Figure 30 Oxide Content in Chrom um Carbide - Nickel Chrom um Erosion Coating
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Figure 31 Voids, Porosity Content in Chrom um Carbide - N ckel Chrom um Erosion
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Figure 32 Oxide Content in Thermal Sprayed Coatings for Dinensional Buil dup
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Oxide Level 5
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Fi gure 33 Oxide Content Level 5 for CoCrAl YSi-BN Coating - Viewed at 200X
Magni fication in As-Polished and Unetched Condition on Standard Plates with
Ni ckel - Al um num
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Figure 34 Oxide Content Levels 3 and 4 for CoCrAl YSi-BN Coating - Viewed at 200X
Magni fication in As-Polished and Unetched Condition on Standard Plates with
Ni ckel - Al um num
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Figure 35 Oxide Content Levels 1 and 2 for CoCrAl YSi-BN Coating - Viewed at 200X
Magni fication in As-Polished and Unetched Condition on Standard Plates with
Ni ckel - Al um num
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Figure 36 Boron Nitride Content Rating for CoCrAl YSi-BN Coating - Viewed at 100X
Magni fication in As-Polished and Unetched Condition on Standard Plates with
Ni ckel - Al um num
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Figure 37 Unnelted Particle Content for CoCrAl YSi-BN Coating - Viewed at 200X

Magni fication in As-Polished and Unetched Condition on 5% N ckel - Al um num Coat i ng
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Figure 38 Void, Oxide, and Inclusions in Coating-Substrate Interface for CoCrAl YSi - BN
Coating - Viewed at 200X Magnification in As-Polished and Unetched Condition on 5%

Ni ckel - Al um num Coat i ng
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Figure 39 Void Content for CoCrAl YSi-BN Coating - Viewed at 200X Magnification in
As- Pol i shed and Unetched Condition on 5% Ni ckel - Al um num Coat i ng
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Figure 40 Porosity and Voids in As-Sprayed Coating
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Figure 41 Oxides and Oxide Clusters in As-Sprayed Coating
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Figure 42 Interface Contam nation in As-Sprayed Coating
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Figure 43 Void Limts for Indirect Spray A um num Oxi de Seal Tooth Coatings
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Figure 44 Voids and Porosity in As-Sprayed Condition
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Figure 45 Bond Coat M crostructures (Unnmelts and Voids).
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Fi gure 48 Typical Range of Coating Mcrostructures for NNCrAl/Bentonite, Casses A and
B.
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Figure 49 Typical N CrAl/Bentonite Coating Mcrostructure for Cass C
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Figure 50 Interface Git and Contam nati on.
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Figure 51 Maximum Permtted Porosity in As-Sprayed HVOF T-800 Coating
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Figure 52 Maxi mum Perm tted Oxides in As-Sprayed HVOF T-800 Coating
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