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Transformational Energy System
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Origins in SFR Development

Sodium Fast Reactor (SFR)
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SCO2 Power System Programs in Other DOE Offices
Expansion to Other Heat Sources
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Sandia is a Leader in sCO2 System 

Development

• Component Development with 

Manufacturers

• Component Testing Platforms

• System Testing and Integration

• System Economics Modelling

• Materials Development

250 kW sCO2 RCBC 
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Gas Foil Bearings for sCO2 Systems
Radial Bearing Axial (Thrust) Bearing

J. McHugh, Proceedings of the 8th Turbomachinery Symposium, Texas A&M Univ., 1979

K. Brun et al., Fundamentals and Applications of SCO2 Based Power Cycles, 2017

Radial (Journal) Bearings

Axial (Thrust) Bearings

Turbine Conditions: 550oC / 300 psi CO2

Compressor Conditions: 315oC / 300 psi CO2
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Motivation
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• Bearing coating materials play a very important role in their 

performance

• Very little is know about the behavior of coating materials in 

the relevant CO2 environments (particularly chemical 

compatibility)

• Available short duration performance data indicates:

– Poor coating performance for Thrust Bearing

– Good coating performance for Journal Bearing (material unknown and 

no longer available)

New Coating Materials are Needed

Goal: Evaluate new coating materials for more advanced future bearing rig 

tests, including cyclical start-stop testing to get at tribological properties
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Experimental Approach
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Evaluating Bearing Coating Materials

Coating/Substrate Microstructure

- Two experiments: 550oC and 315oC

- 500 hours exposure

- 300 psi CO2

- 4 samples of each coating / format 

Surface Roughness

Scratch Testing

Long Duration CO2 Exposure Tests - SEM / EDS

- Pre vs. Post

- 1 Sample

- Laser microscope

- Pre vs. Post 

- 2 Samples 

- 3 areas / sample

- Cohesive Failure

- Adhesive Failure

- Pre vs. Post

- 1 Sample

- 3 areas / sample

Bearing Coatings Identified

Coated Samples Prepared

Multiple formats for thrust, journal, shaft
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Coating Test Matrix

Closed-Cell Foam Microstructure

Overview of Coated Foil Samples

Sample Name Bearing Vendor Coating Vendor Coating Name Coating Mtl

Coating 

Thickness 

(microns)

Substrate 

Alloy

Turbine, 

Compressor, 

Both

MoS2 Xdot Everlube Perma-slik RMAC MoS2 10-16 X750 Inconel Both

WS2 Xdot Everlube Perma-slik RWAC WS2 30 X750 Inconel Both

10K2 Xdot General Magnaplate Nedox 10K2 Ni-P and Si-O 7-8 X750 Inconel Turbine

10K3 Xdot General Magnaplate Nedox 10K3 Ni-P and Si-O 13-23 X750 Inconel Compressor

TC A Xdot TurboCAM TX1 (Treatment A) Nitride Surface Treatment n/a 316 ss Both

TC B Xdot TurboCAM TX1 (Treatment B) Nitride Surface Treatment n/a 316 ss Both

TC C Xdot TurboCAM TX1 (Treatment C) Nitride Surface Treatment n/a 316 ss Both

PS400 Xdot Hohman Plating  (NASA) PS400 NiMoAl, Cr-oxide, Ag, Ba-Ca fluorides 380-500 15-5 ss Both

A39 Mechanical Solutions Mechanical Solutions A39 n/a 1.50 X750 Inconel Both

A40 Mechanical Solutions Mechanical Solutions A40 n/a 1.50 X750 Inconel Both

A42 Mechanical Solutions Mechanical Solutions A42 n/a 1.50 X750 Inconel Both

Baseline-Thrust SNL Barber-Nichols Inc. Unknown Teflon 20-22 X750 Inconel Compressor

Baseline-Journal (LT) SNL Capstone Turbines Unknown Teflon n/a X750 Inconel Compressor

Baseline-Journal (HT) SNL Capstone Turbines Unknown Unknown n/a X750 Inconel Turbine

Compressor-Side Test Samples (315oC) Turbine-Side Test Samples (550oC)



10

Coating / Substrate Microstructure

Surface Oxidation is Undesirable

550oC

Cr

Fe N

O
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Coating / Substrate Microstructure

Coating Delamination Observed

550oC

Ni P

Cr S

Fe

O
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Coating / Substrate Microstructure

Other Materials Exhibit Minor Changes
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Surface Roughness
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• MoS2 and WS2 materials had the highest values at both exposures

• 315oC: Changes were small and generally decreased with exposure

• 550oC: Higher values now that generally increased with exposure

Exposure Temperature has an Impact 

Compressor-Side Test Samples (315oC) Turbine-Side Test Samples (550oC)

Pre-Test

315oC

Pre-Test

550oC
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Scratch Testing

• Highest pre-test values achieved for Mechanical Solutions coatings

• These also had highest values at 315oC exposure but severely dropped off 

at 550oC

• Top performing material at 550oC was PS400 

Divergent Trends for Various Coatings

Coating Cohesive Failure Measurements Coating Adhesive Failure Measurements

Pre-Test

315oC

550oC

Pre-Test

315oC

550oC
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Summary

• First time evaluation of long duration chemical compatibility of 

coatings in relevant sCO2 system environments 

• Coating performance evaluated across a range of categories

• Weighted decision matrix used to assist down selection of coating 

materials for future bearing rig tests

• Three of coatings eliminated from future consideration

• Seven of the coatings will be evaluated in future bearing rig tests

Coatings Down Selection Achieved

MoS2 Xdot Everlube 15 13 6 5

WS2 Xdot Everlube 12 13 8 5

10K2 Xdot General Magnaplate  - 13  - 5

10K3 Xdot General Magnaplate 16  - 5  -

TX1 Xdot TurboCAM 16 15 5 4

PS400 Xdot Hohman Plating  (NASA) 18 18 4 2

A39 Mechanical Solutions Mechanical Solutions 23 17 1 3

A40 Mechanical Solutions Mechanical Solutions 22 18 2 2

A42 Mechanical Solutions Mechanical Solutions 21 19 3 1

Baseline-Thrust SNL Barber-Nichols Inc. 14  - 7  -

Total Score 

(315oC)

Total Score 

(550oC)

Ranking  

(315oC)

Ranking  

(550oC)
Sample Name Bearing Vendor Coating Vendor
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Thank You for Your Time

Questions ?
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Backup Slides
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• Gas foil bearings are a type of hydrodynamic fluid film bearing that has received significant interest in the development of R&D sCO2 power systems.

At high shaft rotational speed these bearings allow the shaft to ride on a cushion of air. Conversely, during startup and shutdown, the shaft rides

along the foil bearing surface. To extend the life of the bearings and also to facilitate rotation during these periods, coatings are applied to the foil to

minimize friction and wear.

• An experimental program was initiated to elucidate the behavior of coated bearing foils in the harsh environments of these systems. A test

configuration was developed enabling long duration exposure tests, followed by a range of analyses relevant to their performance in a bearing. The

results obtained provide valuable information in selecting appropriate coatings for more advanced future bearing-rig tests at the newly established

Sandia test facility.

• Important requirements for foil surface coatings include chemical compatibility with the fluid environment, surface properties (surface roughness,

coefficient of friction, etc.) to minimize abrasive wear and particle debris generation, and good adhesion to the metal substrate. Ten different coating

materials were exposed to high pressure CO2 at two separate temperatures (315oC and 550oC) for 500 hours. Sample formats included both flat and

curved foils to represent the formats for the 2 types of bearings.
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Figure 5: TX1 coating spallation (left) and oxidation (right) 
for 550oC exposure

Figure 6: 10K2 coating 
(550oC) delamination
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Figure 19.   Visual changes for flat foil samples before and after the 315
o

C exposure test 

Figure 20.   Visual changes for non-flat foil samples before and after the 315
o

C exposure test

Figure 21.   Visual changes for flat foil samples before and after the 550
o

C exposure test
Figure 22.   Visual changes for non-flat foil samples before and after the 550

o
C exposure test
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Coating / Substrate Microstructure
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Surface Roughness 

Measurements
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