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Metallographic preparation of Thermal  Barrier Coating 

Samples for SEM Analysis 

   



 

Thermal barrier coatings (TBC) are high temperature insulators that are applied onto metallic substrates to prevent 

the substrate from high temperature oxidations.Typical examples are turbine blades, combustor cans, ducting and 

nozzle guide vanes. 

 

Main application areas; Gas turbines,automotive industry, aerospace and aviation industry 

 

TBC consists of the metal substrate, metallic bond coat, and ceramic topcoat. The bond coat’s main purpose is 

to attach the top coat to the substrate, but the bond coat also prevents or delays oxidation of the substrate.  

        The ceramic topcoat is typically composed of yttria-stabilized zirconia (YSZ) which is desirable for having very low 

conductivity while remaining stable at nominal operating temperatures typically seen in applications. 

 

 

Thermal barrier coatings for gas-turbine engine applications 

 

 



 

 

The microstructure of TBC 

 

Aftercoating process,with the aim ofstudying and analyzingthe characteristics of coating,optical microscopy and 

scanning electron microscopy (SEM)are commonly used. 

Scanning electron microscopy is very important for thermal barrier coatings in precise applications (like damage 

analysis, crack observation…) which is allow to reach high magnification and elemental analysis (EDS).  

 

 

SEM image for thermally grown oxide (TGO) formationand cracks in TBC 

 

 

 

 This study includes metallographic preparation procedure of the thermal barrier coating samples for 

making SEM examination. 
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A- CUTTING 

 

 Order Code Description 

Equipment 
Used 

17 06 MICRACUT 201, PRECISION CUTTER 

Clamping 
Device 

GR 0825 Manual X-axis positioning unit 

 GR 0400 Universal specimen vise 

Cutting Fluid 19-902 Metcool,Nature Friendly Soluble Oil,5lt. 

Cutting Disc 19-200 DIMOS Ø 200 mm, Diamond cutting disc 

 

B- COLD MOUNTING 

 

 Order Code Description 

Equipment Used 25 06 Vacuum impregnation unit 

Embedding form 29-555 Ø40 mm. (1pc.) 

Consumable GR 0726 Vacumet Consumable Kit (Epoxy resin) 

 

MICRACUT 201 is built on precisely manufactured 
heavy duty aluminum frame providing stable and  
vibration resistant base for precision components and 
linear bearings.  
The cutting compartment is fully enclosed.  
 

The transparent hood is equipped with interlocking 

safety switch. Powerful cutting motor has variable 

cut-off wheel speeds from 400 up to 5000 rpm 

allowing both high speed and low speed cutting. 

By moving the cutting table, MICRACUT 201 can cut 

larger and deeper samples. Wide range of clamping 

tools can be used on the T-slotted moving table. 

Optional X - axis table with motorized drive 

mechanism positions the specimen with 5 

micronspositioning accuracy. 

 

 

VACUMET is designed for embedding and impregnation 
of porous materials. It removes the trapped air from the 
mounting material and eliminates the gaps between the 
specimen and the resin. 
 
Most mineralogical specimens have porosities, cavities 
and cracks and therefore need to be embedded under 
vacuum.  
 
VACUMET fulfills this requirement easily and efficiently. 
In addition, VACUMET can also be used for gluing the 
specimens on the glass slides for further processing in 
thin section preparation. 



C- GRINDING & POLISHING 

 

 Order code  Description 

Equipment Used 45 03 DIGIPREP 251 

Accessories 31 22 Aluminium wheel, 250 mm for DIGIPREP 251 

 31 63 Splash Guard, 250 mm for DIGIPREP 251 

 39-003-250 SMF, Ø 250 mm, Special Magnetic Foil 

 39-093-250 TMP, Ø 250 mm, Thin Metal Plate(5 pcs) 

Sample holder  45 13 Ø 130 mm, Clamp Type, 4 x Ø40 mm. 

 45 10 Specimen Loading Plate Ø130 mm. 

 

 

 

TBC samples were produced to examine the behavior of thermal shock and thermal shock test unit 

 

DIGIPREP preparation systems are designed for fully 
automatedmaterialographic sample preparation for 
consistent and reproducible specimen quality.  
 
DIGIPREP’s Automatic Head controls the force 
applied precisely and specimens are prepared 
exactly the same way every time, independent of 
operator skills. With the ability to store and 
recall preparation programs on the LCD screen, 
same consistent results are obtained.  
 
Efficiency is further increased by adding DOSIMAT 
Peristaltic Dispensing Unit for automation and 
control of consumable consumption. 



 

 

 
 
 
Operation parameters are following; 
 
Table feed-rate: 50 µ / sec. 
Disc speed:2500 rpm 
Travel:40 mm 
Force: 3A 

 
After cutting operation small pieces mounted with Epoxy resin. VACUMET impregnation unit used to avoid air 
bubble and provide good penetration. 

 
 

 
 
 
 Cold mounting can be used before the cutting operation to keep delicate specimens ( very porous or 

brittle) and avoid deformation during the cutting process.  

 

 

 

Samples are attached as it shown in the photo 

with the GR 0400 vise. 

By the help of Automatic X-axis unit suitable 

sample position can be adjusted according to 

cutting line. 

Low feed-rate value adjusted to avoid microcracks 

during the operation. 

Cutting made into the coating towards the 

substrate to prevent extra deformation. 

 For brittle and soft materials; when the 

specimen fixing to the vise, rubber or foam 

materials can be used to prevent damage 

during compression. 

 



Grinding & polishing operation made with DIGIPREP 251. The operation parameters and consumable list are 

following. 

 

 
Surface Abrasive Lubricant 

Force per 
sample(N) 

Time(min.) 

 
Disk 

speed(rpm) 
 

Head 
speed(rpm) 

 

Grind. Step 1  
DEMPAX 400 grit 

Water 20 N 1 min. 200 100 
[38-040-400] SiC 

        

Grind. Step 2 
DEMPAX 800 grit 

Water 25 N 2 min. 200 100 
[38-040-800] SiC 

        

Grind. Step 3 
DEMPAX 1200 grit Water 25N 2 min. 250 100 

[38-040-1200] SiC 
     

        

Polish. Step 1 
METAPO-B DIAPAT-M 3µ DIAPAT 

25 N 5 min. 150 75 
[39-033-250] [39-420-M] [39-502] 

        

Polish. Step 2 
METAPO-V DIAPAT-M 1µ DIAPAT 

20 N 3 min. 150 75 
[39-043-250] [39-410-M] [39-502] 

        

Final Polishing 
FEDO-1N DIAPAT-M 0.25µ DIAPAT 

15 N 1 min. 100 50 
[39-055-250] [39-400-M] [39-502] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Sample preparation for SEM analysis 

The scanning electron microscope has many advantages if we compare with traditional microscopes. The SEM 

has a large depth of field, which allows more of a specimen to be in focus at one time. The SEM also has much 

higher resolution, so closely spaced specimens can be magnified at much higher levels.  All of these 

advantages, as well as the actual clear images, make the scanning electron microscope one of the most useful 

instruments in research. 

 

 

Basic SEM diagram and Electron beam interaction graphic 

 

The samples have to provide following features before the SEM examination, 

 Should be resistant tovacuum 

 Should be solid form and clear surface  

 Must havea conductive surface 
 
 

Cleaning  

Cleaning operation can be made by hand or ultrasonic cleaning devices (mostly purewater, alcohol or acetone, also 

solvents such as ether, carbontetrachloride, di-chlorineethane) 

 

Aftercleaningthe samplewas washed and driedwithpure alcoholandacetone. Hot air dryers should be used to 

prevent spotting. If the sample is left in air for a long period of time, possible dust particles on the surface should 

be cleaned by flushing with dry air or freon gas.  

 

 

 

 

 

 



Coating for conductivity  

 

 
Gold coated fly and ant for SEM application 

 
 
High atomic number elements are preferred for coating because they have smaller interaction volume, they 
produce higher signals and increase separation efficiency. 
 
To make the specimen conductive there are several methods; using a conductive hot mounting or cold mounting 
resin, conductive tape or copper/silver based painting are some of these methods. 
 
 
 

 
 

 
 

Different type of specimens prepared with tape and silver painting. 

 

 

 

 



 

After metallographic preparation, the SEM images of the samples can be seen below: 

 

 

YSZ coating micro-structure of the initial state(white arrow indicates the unmelted powder) 

 

 

Cracks caused by thermal shock effect and coating damage 
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Cracks image on coating surface which are seperated 3 directions from the center point 

 

 

 

 

 

 

SEM image of the cracks which have been identified as macro observation after the thermal shock test 
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