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Abstract

In this study, conventional head-end processes of spent TRISO fuel have been reviewed to
develope more effective treatment methods. The main concerns in the TRISO treatment are to
effectively separate the carbon and SiC contained in the TRISO particles. The crush-burn scheme
which was considered in the early stages of the development has been replaced by the crush-leach
process because of “C problems as a second waste being génerated during the process. However,
there are still many obstacles to overcome in the reported processes. Hence, innovative
thermomechanical concepts and a molten salt electrochemical approach to breach the coating layers
of the TRISO particle with a minimized amount of second waste are proposed in this paper and their

principles are described in detail.
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Table 1. Materials in one spent HTGR fuel element and pebble [1]

Prismatic Pebble
‘uel Fue] Handling
Hole Coolant 0.92-mm
Chyanel coated particle
Siticon carbide brivr conting Iner pyvedytic costing
0= Fyretydc coating Parsus carben buffer
fuel spheres g
HTGR
Fuel 794 mm
Type J
,‘l] mm"
Fuel Compact Fuel Block
Mass in one fuel element (kg)* Volume in one pebble
Density
Volume (L)
Complete + TRISO (g/em?) Vol L
Component element Compacts particles olume (L)
Graphite 90.00 0 0 225 40 none
Filler C 12.14 12.14 0 03 40.5 0.068 60.18 %
97.7 %
Pyro C 6.89 6.89 6.89 1.85 3.72
93.05%
Porous C 1.72 1.72 172 1 1.72 0.03715 32.87%
SiC 4.63 4.63 4.63 3.2 1.45 1.6%
Fuet + FPs 5.68+1.25 5.68+1.25 5.68+1.25 11 0.63 0.7% 0.00785 6.95% 6.95%
TOTAL 122317 32.31 20.17 88.02 0.113

*Assume! 209 initial enrichment; after burn ~18% fission product by weight and 2.5% enriched in =y,

* Mass of C in the compacts alone is 20.75 kg.

helium cooled reactor based transmuter, MHR-bT)
olx Ads A7, ©BARE BEY FEYH 7
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Table 2. Summary of the head-end treatment procedures

Process Description of the process Advantages Disadvantages
Treating whole fuel U, FPs migration to PyC, SiC
Thermo- Thermal elements at 2500 ~3000°C Simple process layers (2™ contamination) and
chemical shock[4] and a succeeding chemical ple p a reaction with the graphite
separation treatment part of the furnace
Electrolyti Forming graphite - . -
- cal intercalation compounds Low temperature U, FPs f:odl.ssolutlon(Z
disintegra- . : contamination), vessel
. with anions of the process . -
tion[5] electrolyte corrosion, low reaction rate
Pure .
chemical Applyl'n g vapors of . Efficient process by K, . -
disintegra potassium, cesium, bromine Ce, Br, FeCl, gas Corrosive, sophisticated process
. " | and FeCl T 8
Chemical tion[6] i
Halogen gas | Decomposing the coating Selective volatilization,
oxidation | layers by Cl, or F; at a high | chemical exiraction can | Corrosive, sophisticated process
[71 temperature be adopted
Decomposi- Decomposing SiC into SiCl - Fast reaction rate
tion in o h * | - Dust free Conosive, difficulties in handling
and Silicate in a molten -
molten hloride and carb - Collectable silicon molten salt
salt[8] chloride and carbonate component
Electrical Passing high voltage Easy separation of the Diftfiicgltizs in; teihrz;])lolgic]é(xl ¢
Electrical | disintegra- | electrical pulses through a coated particles from gﬁerrxrgzr:e:glogl;iialo e lack o
tion[8,9] compact in water the graphite fines understandings
dJet grinding of burned -
Jet milling | TRISO particles and a . (.:ontammatlon Of.FPS fo crushed
. Easy scaling up fines due to possible Kernel
{10} leaching after a second
burning breakage
Mechani- ) Throughly grinding the fuel - Reducing the
cal Crushing/ | element including the broken number of - Kernel breakage and off-gas
Grinding | open fuel particles or processing steps treatment including “C, CO,
and burning | separating the fuel particles - Low temperature, . Difficulties in maintenance
[11,12] from the element and coring minimized 2™ works of roll-gap clearance
a kernel contamination
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Figure 1. Comparision of TRISO fuel treatment of foreign counries
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Figure 4. Schematic diagram of the dlectromagnetic
wave(a) and plasma(b) assisted quenching
process of the spent TRISO particle.

Table 3. Characteritics of various induction heating methods

Heating methods | Frequency range Characteristics
Induction heating ~10 % Applicable to large sample, suitable for the heating of fuel
compact
Radio frequency 70 0.3 Wide choosability of frequency according to sample size,
heating H~0.5 @b suitable for the heating of TRISO particle
Microwave heatingl 0.3~300 g | Surface heating, suitable for the heating of TRISO particle
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Table 4. Material properties of the components in the TRISO fuel for the calculation of the
temperature distribution

. . Thermal Specific Heat transfer
Thickness(m) | Density(kg/m3) conductivity(W/mK) | heat{W.sec/kgK) | coefficient(W/ niK)
300K 9.76 300 235
Kernel (300 x 10%(dia) 10000 1773 K 2.52 1773 3384 -
3120K | 3.959 3120 792
Buffer - 4500
1 150 x10 1000 300K ~200 | 300K | ~540
ayer
Thermal contact
PyC 35 x10° 1850 300K 340 300K | 711.72
Thermal contact
SiC 35 x10° 3200 300K 250 300K 720
OPyC | 40 x10° 1850 300K | 340 | 300K | 711.72 10000
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Exfoliation of CarbonLayers
— Cathodereaction: Li* +e —Li
— Anodereaction: 2C1"—Cl, + 2¢~

— Wholereaction: 2LiCl—2Li + ClL (AG ¢ (15001) :— 78-8 keal/g — eq.Cl)

— Li intercalation—carbon layerdisintegration

Disintegrationof SiClayer

— Mgreduction: MgCl,—>Mg+ Cl, (AG ¢ (1ge0x) :— 57.7 keal/g — eq.Cl)
— SiCcorrosion: SiC +2Mg—Mg,Si + C{AG ;(4p0x) :— 5 kJ/mol)
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