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Manufactured Graphite and its Porous Structure

Filler particles

Pitch 
binder

Pores

Manufactured Graphite has 
about 20 % porosity
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One carbon, many graphite grades

AvailabilityForming processIrradiation 
data

Country of originDensity
[g/cm3]

Class

ExtrudedLow doseSGL USA 1.71MediumH-451

A
G

C
-C

am
pa

ig
n Vibro-moldedLow doseSGL (Germany/ France)1.86Medium-fineNBG-17

Vibro-moldedLow doseSGL (Germany/ France)1.87MediumNBG-18

ExtrudedLow doseGrafTech (USA)1.79Medium-finePCEA

Iso-moldedLow doseToyo (Japan)1.76Fine < 100IG-110

Iso-moldedLow doseToyo (Japan)1.80Fine < 100IG-430 (dropped)

Iso-moldedLow doseMersen (France-USA)Superfine < 502114 (added)

ExtrudedUnion Carbide (USA)1.86
MediumCGBMSRE

Iso-pressing
Low dosePoco (USA)1.78Microfine < 2POCO-ZXF-5Q
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s

Iso-pressingLow dosePoco (USA)1.78Ultrafine   < 10POCO-AXF-50

Iso-pressingFew dataPoco (USA)1.82Ultrafine   < 10POCO-TM

Iso-pressingHigh doseTokai (Japan)1.85Ultrafine   < 10G347A

Iso-moldedLow doseNippon (Japan)1.80Superfine < 50 IGS743NH

Iso-pressingLow doseIbiden (Japan)1.74Superfine < 50ETU-10
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The different reactor concepts share common challenges to 
graphite presence in the core.

Effect of fast neutron irradiation and its relationship with microstructure

 Dimensional changes, structural damage
 Change in mechanical and thermal properties

Gas-cooled reactors

Chronic oxidation

• Moisture in coolant will cause 
slow by continuous oxidation 
during normal operation – will 
always happen

Acute oxidation

• Air or water ingress  (accident 
conditions) – should never 
happen

Degradation due to Environmental Effects

Physical
 Salt intrusion into graphite pores: how much, 

how deep, effect on mechanical/ thermal 
properties; effect of potential heating/cooling 
cycles; effect of/on irradiation damage; what 
if salt is fueled 

 Wear and abrasion: pebble on 
graphite/pebble; pebble on metal surface; 
dust generation

 Erosion: flow of salt through graphite 
channels

Fluoride salt-cooled reactors

Chemical
 Chemical Interactions: Fluorination, 

intercalation, effect on properties of 
graphite

 Effect of salt impurities
 Effect of graphite dust in salt
 Absorption of fission products
 Galvanic corrosion 
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ASME SEC III Division 5 
High Temperature Reactors

The current HHA does not address any coolant 
salt interactions with graphite.

Salt infiltration and retention as well as wear 
and erosion (chemical attack ?), aspects need 
to be incorporated in the design rules. 
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Salt intrusion

what we know, challenges & gaps
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We know that… 

• Salt intrusion into graphite pores 
may happen, but it is highly 
dependent on graphite grade, 
temperature, pressure (and 
maybe time)

• When it happens, there is usually 
a ‘distribution’ or ‘gradient’ of salt, 
that depends on graphite grade, 
sample size and geometry, and 
intrusion conditions

See poster presentation this afternoon
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The BIG Challenge / Questions

• If salt intrusion happens, so what ?????

•How can we determine if salt intrusion affects 
graphite properties?
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Challenges, technical gaps

• If we follow current ASTM standards, preparing 
‘homogenous’ or ‘representative” samples for 
various testing is a challenge

• What variable is actually evaluated? 
Pressure/time, coverage, % pores infiltrated?

• Infiltration happens at high temperature (where 
salt is molten), but sample is brought back to 
room temperature

• Do we test at room temperature (salt is solid)? 
High temperature (salt is molten)?

• Do we remove or keep salt? 

• Testing capabilities requires inert environment 
and possible high temperature
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The NEXT BIG Challenge

• Would intrusion behavior change with time, after 
irradiation damage?  Would salt chemistry change over 
time and affect intrusion??
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How about Abrasion and Erosion
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How about Abrasion and Erosion

• ASME code said this was just 
applicable to GCR

• Erosion only an issue a gas flow 
velocities > 100 m/s
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Erosion

Record 23-2484 submitted and approved

Proposal to edit sections HHA-3140 and 
HHA-3143 to address applicability of the 
sections to MSRs

PROPOSED TEXT 
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Abrasion and wear

• Concerns:
– Degradation 

– Dust generation

– Damage to pebbles

• A few reports in the literature, 
but information is still limited

• Additional research is needed 

See poster presentation this afternoon
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ASTM – where do we stand?

• Large collection of ASTM documents 
was built over time for characterization 
of HTGR graphites

• Development of Standard Guides for 
MSR/FHR graphite has started
– ASTM D8091 – pressurized salt intrusion 

and quantification

– ASTM D8377 – mechanical properties 
testing at high temperature

Standards:
D02.F0 on Manufactured Carbon 
and Graphite Products
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ASTM D8091-16  and revised in 2021

• Guideline for apparatus and procedure for 
producing graphite specimens impregnated 
with molten salts 

• Introduces two quantification parameters  for 
intrusion: 

• Fraction of open pore volume intruded (D0)

• Fraction of total pore volume intruded (Dt)

• Guide does not specify sample geometry or 
size

• Guide does not specify equilibrium 
conditions

• There is no mention of salt distribution within 
sample
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ASTM D8377-21

• Sample shape and size should be prepared in accordance with the 
corresponding ASTM: 
– Flexural – ASTM C651

– Compressive – ASTM 695

– Tensile – ASTM C749

– Split disc – ASTM D8289

• Impregnation – ASTM D8091 – stored samples in glovebox

• Testing of graphite sample is done at high temperature with retained 
salt
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ASTM  - Challenges

• Development of Standard Procedures requires Round 
Robin tests”
– Community may be limited and may not have enough interested 

participants to afford development of Standard Test Methods 
– Specialized equipment must be custom designed, built, operated 

at difficult conditions
– Interlaboratory study (ILS) must have at least 5 participants



19

Visit our poster 
presentation this afternoon 
to learn more about our 
research activities.
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THANK YOU!

Nidia C Gallego, gallegonc@ornl.gov


