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Design Evolution of Hot Isostatic Press

- Cans for NTR Cermet Fuel Fabrication
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NTP fuels uncf f”gevelopment
W-60v0l%UO, CER%ET
W coated UO, sph%cal kernels
W coolant channel///perlmeter face clad
Inherent stability (ZW clad in hot H,

minimize fuel erogion and fission product
release during NIIP operation

HIP Manufa%ure Advantages
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Existing mc%strlal base

HIP Furnace




/
&

em & Objective

Probl

“Puol Bl
=

Fully encapsulated
Long length /|
Numerous coolanl///channels
.
Integral claddings/
Limited to refractery alloys (Nb, Ta, Mo)
Powder metallurgical constraints

61 channel cermet fuel element
Develop a subfscale and full-scale e
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HIP cans that/%/can be used to
fabricate NT% fuel elements for

process de\;élopment and fuel
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element evaluation.
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Middle Stage
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Complex hexagonal

19-61 channels
50-100 cm length
Perimeter clad

Circular 7 channel can design

— 10-20% shrin
— Channels mw;ft not bow or twi

_ . | .
Sufficient flow area for viable

TAPGRACERIGRID W-COATED MO RODS BOTTOM PLATE,

rEXTERNAL W-CLAD BOTTOM SPACER GRID




— Time consuming
— Expensive (time and
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Water jet machini g

— lterative developm /t process

/hniques
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Significant time reduction

Sufficient dimensional tolerance

Minimal material waste
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Minor milling required
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CNC sheet r/%etal break
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Axial tolera%e difficult to achieve

— Tolerance vamiation proportional to length
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Integral Clad
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Vacuum plasma spr

W onto Mo mandre%ods
Thickness uniform;y and adhesion
Completed through a Phase | SBIR

W coated Mo rods (EL-form)

by Plasma Proc%sing Inc. (PPI)
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Perimeter Clﬁd
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Electro (EL)-form
W onto a gr phite mandrel
High densit / and hermiticity

Developed/under same PPI effort

External W clads (VPS)




Mandrel rods stacked
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between spacel///grlds —
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Enclose mandrel in wall

Can top welded to can

Vacuum leak check

61 Channel Full Size HIP Can Weld in a argon glove box




Fill'& Close-Out

& /f’/////‘
%///

Can surface clea
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Can weighed and measured
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Can vibratory filled in a glove box
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61 channel near full
scale HIP can: filled
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HIP can placed in gan jig

HIP
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Circular 7 channel W—Z%O
— Hex 61 channel, near/ Il length W-ZrO,: Fail
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— Circular slug W—dUO/%x 2
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Hex 7 channel W—d%O2
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Hex 61 channel, f/ length W-ZrO,: Fail
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W-dUO, filled HIP can

Failure Analysi
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— Wall cracking %served at can base
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— Significant recﬁmtion in ductility of HIP can
coupons when compared to control samples
SEM/EDS revealed significant C embrittlement
Nb can m/ with graphite jig or furnace

Failed HIP can
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HIP is viable for F

Fundamental me f anisms are well understood
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Significant opportunity for process and design
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Recommendations for Future Work

Develop mitigatien strategy to prevent Nb-C interaction
- Mandrel coating?  J
— Sacrificial getter foil’?///

f |
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19 channel Rovej//NERVA geometry

— Develop HIP can design

— Fabricate prototy

— Fabricate fuel el%\ent
]

Optimize can %/esigns

— Finalize can g;%ometw based on nominal green powder packing density
— Establish fuel/%/ﬂimensional tolerance and NDE requirements

Investigate ﬁwethods for W can fabrication

Water jet o J | sheet

VPS? ///
EL-forming?

anufacture?
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