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Microstructural analysis has played, and continues to play, a key role 
in the development of thermally-sprayed coatings. The advances 
in equipment and consumable technology for evaluating coatings 
have enabled laboratory personnel to accurately observe the coating 
characteristics in a cost effective manner and with great confidence.
Microstructural analysis has been important in the development of 
new thermally-sprayed coatings used for aerospace, automotive, 
electronic, bio-technology, petroleum and other high-tech and 
low-tech applications. The coatings that are being developed 
consist of a combination of materials that vary in hardness and 
general microstructural characteristics. Accurate microstructural 
analysis is more important than ever because these new, complex 
coatings cannot be produced successfully without control of the 
microstructure. Established metallographic techniques have not 
always been able to produce accurate results. A resin-bonded 
diamond surface was developed which reduces the damage created 
during the grinding of a variety of coating types while maintaining 
the flatness and integrity of the coating microstructure. 

Introduction
Microstructural evaluation is a common approach for determining 
the quality of a thermally sprayed coating. Correct evaluation 
is dependent on the metallographic preparation used to reveal 
the microstructure. The careful consideration of sectioning and 
mounting techniques is essential prior to metallographic preparation 
[1]. Sectioning and mounting method selection criteria has been 
established through testing performed by users of thermally sprayed
coatings as well as the Thermal Spray Society (TSS) Recommended 
Practices for Metallography committee [2]. Improper mounting 
of some thermally sprayed coatings will directly affect the 
characteristics of the coating causing incorrect evaluation.

Thirteen coatings representing a range of coating properties, 
qualities and thicknesses were selected for this study of the 
performance of resin bonded Diamond Grinding Discs (DGD). 
All coatings were simultaneously prepared on semi-automatic 
equipment. A preparation sequence was established using DGD 
and the process was repeated numerous times to establish the 
consistency of the surfaces. Semi-automatic and fully automated 
equipment consistently produces high quality results when 
metallographically preparing thermally sprayed coatings [3].

The study revealed that whether the coatings are ceramic, 
soft or hard metallic or composite in nature, the DGD surfaces 

produce good consistent results without damaging the coating. 
If good sectioning and mounting techniques are followed, the 
metallographic process will enable the observer to properly view a 
coating microstructure that is free of artifacts.

Coating Materials
Metallographic Preparation
Metallographic preparation was performed with an 8″ (250mm) 
diameter, EcoMet® semi-automatic grinderpolisher with an 
AutoMet® power head that provided consistent applied loads while 
rotating the specimens at 60 rpm with or against the rotation of 
the base platen. Automation allows for controlled, simultaneous 
preparation of the multiple specimens. [4] Automation also 
promotes consistency in the resulting finish through accurate control 
of platen and head speed, pressure, and time. Therefore, test results 
such as porosity levels or inclusion content can be compared over 
periods of years.

All the preparation sequences were started with a 45μm DGD to 
assure adequate material removal ~ 1mm. Two addition grinding 
steps were conducted using a 9μm and 6μm DGD respectively which 
removed the previous deformation from the initial planar grinding 
step. The final two steps achieved with the use of 3μm diamond 
suspension on a TexMet®, a napless cloth, and then a final step of 
colloidal silica (0.02μm) suspension on ChemoMet®, a urethane 
foam cloth. Images were captured after the final polishing step 
which reveal the results of this process and are shown in Figures 
1-13.
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Figure 1. Two Wire Arc Al-Bronze, 20x.

Figure 5. Top) Plasma Spray Al2O3 Coating, 20x. Bottom) Plasma Spray Al2O3 Substrate, 20x.

Figure 2. Two Wire Arc Stainless Steel, 20x.

Figure 3. Electric Arc Spray NiCrAl, 20x. Figure 4. Electric Arc Spray 420 Stainless Steel, 20x.

Figure 6. Plasma Spray Cast Iron, 20x. Figure 7. Plasma Spray T 800, 20x.

Figure 8. Top) Plasma Spray 8% Yttria Stabilized Zirconia Coating, 20x. Bottom) Plasma Spray 8% Yttria Stabilized Zirconia 
Substrate, 20x.

2



BUEHLER Worldwide Headquarters
41 Waukegan Road
Lake Bluff, Illinois 60044-1699 USA
P: (847) 295-6500
www.buehler.com | info@buehler.com

BUEHLER Germany
info.eu@buehler.com

BUEHLER France
info.fr@buehler.com

BUEHLER United Kingdom
info.uk@buehler.com

BUEHLER Canada
info@buehler.ca

BUEHLER Japan
info.japan@buehler.com

BUEHLER China
info.cn@buehler.com

BUEHLER Asia-Pacific
info.asia@buehler.com

Connect with us:

© 2015 BUEHLER, a division of Illinois Tool Works Inc.      Printed in U.S.A.     

Results and Discussion
The images captured for documentation revealed flat, scratch-free 
surfaces, well-defined coating/substrate interfaces and minimal 
coating defects. When the preparation procedure was repeated 
five times using the same surfaces and parameters, the results were 
nearly identical.

Conclusions
DGD will consistently produce flat surfaces on a variety of thermally-
sprayed coatings and can be used for an extended period of time 
before loosing its effectiveness. Initial observations reveal that Apex® 
DGD can be used to grind hundreds of specimens which provides a 
big cost savings for laboratories who consistently use silicon carbide 
abrasive papers. Because the diamond is imbedded in a resin binder, 
the damage created during the grinding operation is much less that 
a metal bonded diamond disc. Metal bonded diamond discs create 

deeper surface damage and provide greater material removal, but 
tend to create more damage on friable coatings. It can be concluded 
from this study that Apex® DGD can provide a cost effective method 
for metallographically preparing the thermally sprayed coating 
shown in this report and others with similar characteristics without 
producing unacceptable damage to the coatings while reducing 
the cost of preparation.
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Figure 9. Plasma Spray Yttria Stabilized Zirconia 
1494, 20x.

Figure 11. HVOF Aluminum 13 Titanium, 20x.

Figure 10. Plasma Spray Chrome Carbide, 20x.

Figure 13. HVOF CrC-NiCr, 20x.

Figure 12. HVOF WC-Co, 20x.


