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Outline
• Background & objective
• Hypothesis
• Research design
• Accomplishments

►How do we describe buffer? matrix microstructure + porosity
►How does buffer porosity affect its fracture behavior?
► Irradiation induced changes in porosity and matrix microstructure
►Unique mechanical properties of unirradiated buffer pyrocarbon

• Outlook
• Summary







Research design
• What are the actual porosity in buffer and its spatial distribution?
• What's the atomic structure of buffer, which is a low density, non-textured pyrocarbon?
• How does porosity correlate with mechanical properties: moduli, toughness, etc.?
• How does porosity distribution affect the buffer fracture (tearing)?
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How do we describe buffer?

• FIB-SEM characterization of buffer porosity
• Griesbach et al. Microstructural heterogeneity of the buffer layer of TRISO nuclear fuel particles, JNM 574 (2022)

1st place Winner of FY 2023 Innovations in Nuclear R&D Student Competition: Fuel 
Cycle Technologies

• Atomistic simulations of pyrocarbon matrix
• R. David et al. Correlations between atomic structure and elastic properties in low-density non-textured pyrocarbon 

(in preparation)
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Buffer porosity morphology in unirradiated 
TRISO buffer {surrogate particles)

a

A robust data analysis workflow is established 
incorporating artificial intelligence assisted 
pore identification and segmentation for 
porosity characterization of FIB-SEM image.

FIB-SEM tomography
• FEI Helios PFIB with 30 kV Xe plasma
• Scan volume: 1Ox1Ox10 µm3

• Slice thickness: 50 nm
• Voxel size: 38x49x5Qnm3

• Image processing and data analyses:
• Avizo 9.5 and Dragonfly 2021.1
• Deep learning segmentation

• 3D reconstruction
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Inter-particle (and radial direction) 
differences
• The radial porosity distribution varies upon the radial direction and from particle to particle
• However, the average porosity, magnitude of local fluctuation and radial gradient are similar.
• The radial increase of porosity is consistent with the fabrication procedure.
• The AGR-2 buffer displays a similar porosity distribution to that in surrogate particles.
• More characterizations ( which are exoensive) are desired.
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How does buffer porosity affect its 
fracture behavior?

•  Statistical BISON simulations of buffer 
fracture initiation and propagation

• Masri et al. The role of heterogeneous porosity distribution on buffer fracture behavior in TRISO fuel 
particles (in preparation)











Irradiation induced changed in 
porosity and matrix microstructure

FIB-SEM, Raman, and TEM characterization
•  C. Griesbach, T. Gerczak, C. McKinney, Y. Zhang, R. Thevamaran, Irradiation-condition 

dependent mechanisms controlling buffer densification and fracture in TR/SO nuclear fuel 
particles, JNM, under review.
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Compact Mount Particle Ag 
(M_part/M_avg)

Temperature
[OC]

Fluence
[102s n/m2]

#full buffer 
scans Raman TEM

221 MM-D67 RS43 1.12 1287 3.35 2 X X

221 MM-D67 RS46 1.8 1287 3.35 2 X

221 MM-D68 RS39 0.83 1287 3.35 1

523 MM-D12 RSll 0.48 1108 3.00 1 X

523 MM-D12 RS28 0.43 1108 3.00 1

542 MM-D55 RS25 1.59 1071 3.14 2 X

623 MM-D69 RS18 1.87 1095 2.30 2 X

623 MM-D69 RS07 1.72 1095 2.30 1 X

623 MM-D70 RS35 0.81 1095 2.30 1 X X

As fabricated AGR-2 NIA 1 X X

Samples and irradiation condition
• Various irradiation conditions consider in terms of temperature and neutron fluence.
• Porosity, solid fission products, densification, and fracture are characterized.

AGR-2 Irradiation Conditions
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Unique mechanic properties of 
unirradiated buffer pyrocarbon
Nanoindentation and micro-compression
•  C. Griesbach, T. Gerczak, Y. Zhang, R. Thevamaran, Super elasticity and anisotropic mechanical 

response in porous pyrocarbon (in preparation)
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Super-elasticity revealed by nanoindentation 
and nano-pillar compression

• No failure or plasticity observed during in-situ nanoindentation.
• Brittle failure observed until 30% strain under micro-compression
• Radially compressed micro-pillar show lower yield strength than tangentially compressed.

(a) force-displacement curves from in situ 
SEM nanoindentation experiments with 
SEM images at select points during 
deformation in (a-1)- (a-3), (b) stress 
strain curves from in situ SEM micro 
compression experiments on the same 
sample compressed to ~10% strain 
without yielding (blue curve) and to
~30% strain exhibiting brittle failure;
SEM images at select points during 
deformation in (b-1)- (b-3).
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