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High temperature surface instability
during air plasma testing of Si3N4 in 
the CHESS Plasmatron X facility
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Outline

• Highlights from the literature
• Mini-story 1: C/SiC Passive/Active Oxidation and Temperature Jump
• Mini-story 2: PICA-NuSil Response to Hypersonic Entry Flow
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Surface Temperature Instabilities in the Literature

Lacombe and Lacoste, High Temp High Press, 3 (1994) 285-296

Transition between passive and active oxidation regime

Herdrich et al., J Spacecraft Rockets, 42 
(2005) 817-824

Hald, Aero Sci Tech, 7 (2003) 551-559

Increased catalytic 
recombination efficiency 
of SiC vs SiO2

Catalytic recombination reactions
involving nitrogen:

SiC + N → SiN
SiN + N → Si + N!
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Surface Temperature Instabilities in the Literature, contd.

Increased temperatures attributed to the presence of a thick 
porous HfO2 layer, which changes in catalycity, emittance and 
conductivity

Monteverde et al., J Europ Ceram Soc, 37 (2017) 2325-2341

“Jumps-of-radiance” and “waves of radiance” in SiC-ZrB2

Marschall et al., J Thermo Heat Trans, 26 (2012) 559-572

Transition in surface chemistry involving Si-rich compounds

Gasch et al., J Mater Sci, 39 (2004) 5925 -5937



C/SiC Passive/Active Oxidation and 
Temperature Jump

with B. Helber1, O. Chazot1, K Nickel2, M. Balat-Pichelin3

1von Karman Institute for Fluid Dynamics, Belgium
2Technical University Tuebingen, Germany

3PROMES CNRS, France
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• 1.2 MW Plasmatron, air plasma
• Heat-flux: 9 - 100 W/cm2

• Pressure: 1000 - 10000 Pa

VKI Plasmatron Experiments on C/SiC
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HER C/SiC MTA C/SiC 
Panerai F, et al. Aero Sci Tech, 
(2014)
Panerai F, et al. Carbon 71 
(2014) 102-119  
Balat-Pichelin M, et al. J Eur 
Ceram Soc, (2014)
Panerai F, Chazot O. Mater 
Chem Phys 134 (2012) 597-607 
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C/SiC Passive-Active Oxidation

1942 K, 
5000 Pa, 10 min

2141 à 2734 K, 
5000 Pa, 2 min 

2090 K, 
5000 Pa, 10 min

Virgin

1956 K, 
5000 Pa, 10 min

2064 à 2734 K, 
5000 Pa, 2 min 

2019 K, 
5000 Pa, 10 min

Passive Ox. Active Ox. T Jump
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C/SiC Passive-Active Oxidation and Temperature Jump Instability

0 40 80 120 160 200

1500

1750

2000

2250

2500

T w
, K

t, sec

 passive oxidation
 active oxidation
 temperature jump

Passive Ox. Active Ox. T Jump

-5.5 -5.0 -4.5 -4.0 -3.5

4

8

12

16
20

Passive
oxidation

Active
oxidation

 Passive
 Active
 Jump
 Post-jump

p ox
yg

en
, h

Pa

-104/Tw, K-1

Ba
la

t 1
99

8



9

Discussion on the SiC response and Surface Instability

• At low T and high pO2: SiC(") + 3O $ → SiO% " + CO $

• At low T and high pO2  : SiC(") + 3O $ → SiO% " + CO $  
• At the jump instability, increased exothermicity in the chemistry of β-SiC surface
• Two leading contributions:
• SiC sublimation (~2100 K) accelerates the decomposition of the coating
• Oxidation (C	 + O → CO) and nitridation (C + N → CN) of the substrate
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 HER 17, ps=2000 Pa

Tjump=2115 K
• Contributor to the surface heating 

after jump: 

  - Oxidation and nitridation
  - Active oxidation of the SiC matrix
  - Si-N catalytic cycles and increased SiC react



PICA-NuSil Response to 
Hypersonic Entry Flow

with B. Bessire1, J. Meurisse2, N Mansour2
1NASA Ames Research Center, USA

2Analytical Mechanics Associates, USA
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Phenolic Impregnated Carbon Ablator + NuSilTM
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FiberForm Resin PICA

PICA NuSil PICA-N

Mansour NN, et al. Annu Rev Fluid Mech (2024) 549-75
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Plasma Wind Tunnels for PICA-NuSil Testing
NASA LaRC Hypersonic Materials Environmental Test 
System (HyMETS)

CHESS Plasmatron X

Capponi et al., AIAA 2023-1338
Oldham et al., AIAA 2023-2516

Splinter et al., AIAA 2011-1014
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Plasma Wind Tunnels for PICA-NuSil Testing
NASA LaRC Hypersonic Materials Environmental Test 
System (HyMETS)

CHESS Plasmatron X

Capponi et al., AIAA 2023-1338
Oldham et al., AIAA 2023-2516

Splinter et al., AIAA 2011-1014



14

PICA

PICA-NuSil
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PICA-NuSil Thermal Response

• NuSil lowers the measured surface temperature and 
in-depth response in oxidizing atmospheres.

• Survival of the coating increases at lower heating 
rates.
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Discussion on PICA-NuSil Ablation Mechanisms
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Stage 1 (A → B). Pyrolysis of PICA-NuSil

R!SiO".$ % → Si&C'O( + C)*++(-)
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Discussion on PICA-NuSil Ablation Mechanisms
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Discussion on PICA-NuSil Ablation Mechanisms
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Stage 1 (A → B). Pyrolysis of PICA-NuSil

R!SiO".$ % → Si&C'O( + C)*++(-)

Stage 2 (B → C). Passive Oxidation and Phase Separation

Si&C'O( → SiO! - + SiC - + C)*++(-)
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Discussion on PICA-NuSil Ablation Mechanisms
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Stage 1 (A → B). Pyrolysis of PICA-NuSil

R!SiO".$ % → Si&C'O( + C)*++(-)

Stage 2 (B → C). Passive Oxidation and Phase Separation

Si&C'O( → SiO! - + SiC - + C)*++(-)

Stage 3 (C → D/D’). Coating Breakdown

SiO! - + 3C)*++(-) → SiC - + 2CO
2SiO! - + SiC - → 3SiO / + CO /

SiO / + O → SiO! -
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Discussion on PICA-NuSil Ablation Mechanisms
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Discussion on PICA-NuSil Ablation Mechanisms
𝑇0 > 1500∘C

`
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Discussion on PICA-NuSil Ablation Mechanisms
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Stage 1 (A → B). Pyrolysis of PICA-NuSil

R!SiO".$ % → Si&C'O( + C)*++(-)

Stage 2 (B → C). Passive Oxidation and Phase Separation

Stage 3 (C → D/D’). Coating Breakdown

Si&C'O( → SiO! - + SiC - + C)*++(-) SiO! - + 3C)*++(-) → SiC - + 2CO
2SiO! - + SiC - → 3SiO / + CO /

SiO / + O → SiO! -

Stage 4 (D/D’ → E). Oxidation of Carbonaceous Char

C - + O → CO /
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Conclusions

• Active oxidation conditions insufficient to trigger instability
• Sublimation of SiC and Si
• Further exothermicity from O- and N-atom reactions with C, catalytic reactions and 

properties change (optical and thermal) 

• Ablator coating lowers surface temperature and in-depth response in oxidizing conditions 
(Air & CO2)

• Coating survives longer at lower heating rates and higher partial pressures of O(g) & CO(g)


