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Graphite topics this FY24

Introduction

Will Windes

Oxidation Activities

Rebecca Smith

Oxidation resistant graphite

Tim Bragg/Michael Barkdull

Model Development

Veerappan Prithivirajan

Break (25 minutes)

ASME Component failure

(Remote) Martin Metcalfe

ASME Code Development (Design rules)

Andrea Mack

Ceramic Composites

Wilna Geringer

Lunch (Graphite NEUP presentations)
Multiscale Effects of Irradiation Damage on Nuclear Graphite Properties
Quantifying the Dynamic and Static Porosity/Microstructure Characteristics of
Irradiated Graphite through Multi-technique

Gongyuan (Patrick) Liu, Penn State University
Jacob Eapen, North Carolina State University

AGC Update

Will Windes

Molten salt intrusion

Nidia Gallego

Split-disk Studies

Arvin Cunningham & Lianshan Lin

Wear testing

Tomas Grejtak

Concluding remarks

Will Windes
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Five different graphite research areas

Licensig & Code

- Establishes an ASME
approved code (for 1% time)
- Develops property values for

initial components and
irradiation induced changes

Behavior models

- Predicts irradiated
material properties and
potential degradation
issues

- Irradiation behavior for
continued safe operation

Graphite R&D
Program

Defines the safe working
envelope for nuclear graphite
and protection of fuel

Mechanisms and Analysis
- Data analysis and interpretation
- Understanding the damage mechanisms
is key to interpreting data

As-Fab’d Properties

- (Statistically) Establishes as-
received material properties

- Baseline data used to determine
irradiation material properties

Irradiation
- Determines irradiation
changes to material properties
- Irradiation behavior for
continued safe operation




FY23 Graphite Activities
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Graphite Oxidation (Rebecca Smith)

e NBG-25, 0 dpa

— Naose scedn Irr. graphite oxidation rate
= = = NBG-25, 6.20 dpa
NBG-25, 6.84 dpa

2114 after 12.23% Mass Loss, 14.5 days
ET-10 after 10.09% Mass Loss, 33.7 days
ETU-10 after 9.97% Mass Loss, 28.7 days AA‘

1G-110 after 12.74% Mass Loss, 28.4 days
1G-430 after 9.60% Mass Loss, 43.4 days
NBG-18 after 11.33% Mass Loss, 41.2 days ‘A
& PCEA after 11.99% Mass Loss, 13.6 days
===-=Radius of Alignment Hole (mm)

0 10 20

Sample Radius Midway between Cuts
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Penetration depth studies

Local Density /
dized :

o

3

Strength after oxidation = 0.60

* Commercial HTR vendors

Mormalized Stress Values Versus Calculated Mass Loss

AIG-110550° C
Vartical Furnace Graphite

Oication DIG-110 6507 €
Characterization Plan o oiG-110 780" €

& MBG-18 5500 C

WMNBG-18 6507 C

@ NBG-18 750° C




Graphite Oxidation Resistance (Bragg/Barkdull)

* Increasing the resistance of graphite to oxidation protects graphite
from air-ingress accident scenario

* This is done through the introduction of Boron

Graphite Oxidation at 740°C

Weight (%)

Mo Coat

—oat A

——Coat B

——Coat C

—Coat D

Time (hr)




Gra P hite Model Devel opme Nt (veerappan Prithivirajan)

Fluid Equations

du v .
E+p[u-‘7)u+\7!’—?-rr—ﬁi.."-?@:l)

Phase Field
il LA
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b D Geometry and MeSh where ¢ is the order parameter and 1 is the auxiliary variable.
(QUAD9)
Boundary Conditions
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ASME - Grappling with the Concept of Component Failure (Martin Metcalfe)

ASME BPYC.11.5-2023

SECTION 111




ASME Code Development (Design rules) (andrea Mack)

2114, Dogbone, 2023, Exp, Median Load=2050N
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ASME Ceramic Composites

Recent

Previous Status Achievements

» Code rules established »Completed critical analysis
within the ASME review

design framework » Initiated optimization and

» Allows the use of fiber refinement efforts (e.g.
reinforced CMCs for design by test, maximum
structural core failure mode, material qual.)

components in HTRSs.

» Provides a method to
qualify new CMCs,
acceptable for use of
nuclear application
(NQA-1)
Josina W. Geringer

ORNLITM 202403408

Analysis of the ASME Code Rules for
Subsection IlI-5-HHB (Composite
Materials) for Current HTR Design

Requirements

1. Gafinger
o Pohiny

5. Gonczy

J.0. Arregui-Mena
M Jenkrs

d. Parks

N.C. GaFego

Juma 2024

¥ OAK RIDGE
Matlonal Labaratory
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NEUP: In-situ micro-CT fracture test (Gongyuan Liu)

The NBG-17 graphite was scanned three times under different loads.
Scan1: 0 N Scan 2: 890 N Scan 3: 790N
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‘ Quantifying the Dynamic and Static Porosity/Microstructure

Characteristics of Irradiated Graphite through Multi-technique
(Jacob Eapen, North Carolina State University)




AGC Update (will Windes)

2021 Schedule

KJRR Delay COVID Delays

2024 Schedule

KJRR Delay COVID Delays

.




Studies of Molten Salt Intrusion and salt wettability in Graphite
Nidia C. Gallego, Jisue Braatz, et al.

Focus on:

Understanding saltf infrusion (penetration depth and salt distribution) in a wide range of graphite
grades (various microstructures) as a function of temperature, pressure and time.

Studying weftting behavior of salt on graphite surfaces to develop predictive models for salt intrusion

Drop of molten FLINaK on a
Tomography of NBG-18 sample exposed graphite surface

to molten FLiNaK, 3 bar, 750°C, 336 hours @




Effect of Sample Thickness on the Tensile Strength of Small Graphite Discs
“Lianshan Lin, Nidia C. Gallego

Objective: complete the Advanced Reactor Technologies (ART) Level 3 Milestone (M3TG-240R0501054), “Continue activities
related to Split Disc-DIC - complete analysis of effect of sample thickness on one fine grain graphite.”

Approach: Apply the ASTM D8289 Standard test on graphite samples to investigate the effect of sample thickness on splitting
tensile strength. The tests involved @12.7 mm samples of fine-grain graphites 2114 and IG 110 of different thicknesses (6.35, 5, 4,

and 3 mm). The digital image correlation (DIC) method was applied to the samples, along with the ASTM D8289 Standard, to help
interpret the measured results.

Experimental Results
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Split-disc studies utilizing Digital Image Correlation (DIC)

Arvin Cunningham




‘, Tribological characterization of graphite in dry

argon and molten salt environments
Tomas Grejtak, James R. Keiser, Jun Qu, Nidia C. Gallego

3! t"" %E({)?DKGI‘

Marional [ aharatory

Objective: investigate the fribological (wear and friction) behavior of graphite pebbles in High Temperature
Gas-cooled Reactor (HTGR) and Molten Salt-cooled Reactor (MSR) environments. Complete the (ART) Level 2
Milestone M2TG-240OR0501081: “Complete report on initial tribological studies within molten salt environment”.

» AIM }

Approach: 1) determine fribologically relevant conditions such as pebble-pebble and pebble-wall contact
loads, pebble sliding and rolling speeds; 2) conduct wear and friction experiments on graphite in dry argon and
molten FLINaK salt environments.

A

Key input parameters of pebbles Experimental setup Frictional behavior
HTGR MSR dry argon FLiNaK salt 06 sliding
P 650°C spead condition
Contact load ~28 <100 05 — 1mmfs dryargon
(N) = — 10 mrnis  dry argon
T =} i
» Results } S"d'”g(fnpn‘ifs <1.2x103  ~4.0x10% 3 — 10mmis  FLiNaK
: E 0.3 =
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T 0.
g2
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Milestone Grejtak, T., Qu, J., Gallego, N.C., Keiser, J.R., Report on Initial Tribological Studies of Graphite @

report Argon and Molten Salt Environment. ORNL/TM-20024 Oak Ridge National Laboratory, 2024




Concluding remarks
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