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1) Abstract 

The University of Florida has underway an ongoing research program to validate the economic, 
operational and performance benefits of developing an inert matrix fuel (IMF) for the disposition of 

the U.S. weapons plutonium (Pu) and for the recycle of reprocessed Pu.  The current fuel form of 
choice for Pu disposition for the Department of Energy is as a mixed oxide (MOX) (PuO2/UO2).  We 
will show analyses that demonstrate that a Silicon Carbide (SiC) IMF offers improved performance 
capabilities as a fuel form for Pu recycle and disposition.  The reason that UF is reviewing various 
materials to serve as an inert matrix fuel is that an IMF fuel form can offer greatly reduced Pu and 

transuranic isotope (TRU) production and also improved thermal performance characteristics.  Our 
studies showed that the Pu content is reduced by an order of magnitude while centerline fuel 

temperatures are reduced approximately 380 degrees centigrade compared to MOX.  These reduced 
temperatures result in reduced stored heat and thermal stresses in the pellet.  The reduced stored 
heat reduces the consequences of the loss of coolant accident, while the reduced temperatures and 

thermal stresses yield greatly improved fuel performance.  Silicon Carbide is not new to the nuclear 
industry, being a basic fuel material in gas cooled reactors. 

 
2) Reactivity Analysis 

Our fuel reactivity analysis has shown that in the greatly under-moderated environment of 
current fuel designs for plutonium fuel, the SiC matrix fuel offers a much greater reactivity that the 
conventional MOX fuel.  As part of our research, CASMO and MCNP-MONTEBURN runs have 
been made on a variety of fuel forms (PuSiC, Pu/ZrHx/U and U/PuO2) to evaluate the capabilities of 
various inert matrix fuels versus the conventional mixed oxide fuel.  The CASMO and MCNP runs 
have shown good agreement.  The CASMO runs for Kinf versus Burnup are shown in Figure 1.  The 
SiC inert matrix fuel has a 0.20 reactivity increase over the conventional MOX fuel form.  The SiC 
fuel form also has an increased reactivity over the ZrHx fuel matrix.  These CASMO runs show the 
strong effect of additional moderation for plutonium fuel. The moderation effects of the carbon is 
sufficient to give the higher reactivity with the smaller absorption cross-section versus hydrogen.  
Additional reactivity runs were made with gadolinium in the fuel to show that the additional 
reactivity can be controlled at the beginning of cycle.  Figure 2 displays the number density of the 
Pu239 in the various fuels as a function of burnup.  We can see that in the IMF fuel the Pu239 is 
down to 1/10 of that remaining in the conventional MOX fuel (6.9X1019 compared to 6.9X1020) and 
is less than one-one hundredth (1/100) of the initial Pu239 loading.  Also, from a proliferation 
standpoint the plutonium has become far less attractive as a weapons material because of the buildup 



of the Pu-240 and Pu-242.  Thus, the inert matrix material SiC has advantages as a matrix fuel 
material for the non-proliferation program to dispose of plutonium stockpiles because the SiC fuel 
matrix will increase the reactivity, discharge burnup, and destruction of the fissile plutonium fuel.  
Additionally, reactivity and number density calculations were made with the recycle of actinides 
from light water reactor fuel into both the MOX and SiC fuel forms.  The results are shown in Table 
1 and show that the SiC, as a minor actinide burner, will reduce the production of americium, 
neptunium and curium by an order of magnitude over the MOX fuel. 
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Figure 1:  Kinf versus Burnup 
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Figure 2:  Number density of the Pu 239. 



 
Table 1:  Minor Actinide Number Density 

 
PuSiC MOX 

isotope 
Initial 66 MWD/KG Produced Initial 66 WD/KG Produced

95241 1.86655E+18 3.48574E+18 1.61919E+18 1.87387E+18 1.84936E+19 1.66197E+19
95242 2.80225E+16 4.91638E+16 2.11413E+16 2.52178E+16 3.93924E+17 3.68706E+17Am 
95243 7.25581E+18 3.21598E+19 2.49040E+19 7.25790E+18 1.62628E+19 9.00490E+18

               

93237 2.12990E+19 4.13572E+18
-

1.71633E+19 2.12960E+19 1.44882E+19 
-

6.80780E+18Np 

93239 1.68361E+18 1.00000E-06
-

1.68361E+18 1.68534E+18 1.20417E+18 
-

4.81170E+17
               

96242 8.87378E+17 5.39009E+18 4.50271E+18 8.82623E+17 3.36466E+18 2.48204E+18Cm 
96244 3.31656E+18 2.37097E+19 2.03931E+19 3.32643E+18 1.01166E+19 6.79017E+18

 
 
3) Thermal Conductivity 

Another outstanding benefit of the Silicon Carbide matrix is that the thermal conductivity of 
the SiC fuel matrix approaches that of aluminum, greatly reducing fuel temperatures and fuel stored 
heat.  As shown in Table 2, the fuel centerline temperature for the SiC IMF is reduced 330 degrees 
centigrade compared to conventional MOX.  The fuel centerline temperature for MOX fuel is 
calculated to be 1142 K, while the ZrHx fuel centerline temperature is 804 K and the SiC IMF fuel is 
753 K.  This fuel centerline temperature reduction greatly diminishes the stored heat present in the 
fuel assembly and makes the Loss of Coolant Accident (LOCA) a virtual non-event for this fuel.  
Compatibility measurements of SiC in water have shown that corrosion of SiC in the case of a 
cladding defect should not be a cause of concern.  Similarly, interaction tests between SiC and 
Zircaloy (Zr) have shown no significant interactions up to ~1000 C and at higher temperatures the 
SiC interaction with Zr cladding is no worse than that of Zr with UO2.  The reduced temperatures and 
thermal stresses in combination with the improved material properties of the SiC IMF fuel should 
yield a greatly improved fuel performance (reduced fuel cracking, swelling, fission gas release, etc.). 

 
Table 2:  Fuel centerline temperature for the SiC IMF. 

 

Fuel Type 
Average Thermal 
Conductivity of 
Pellet(W/cm/K) 

Fuel Centerline Temp 
(top of core) Best Case 

(K) 

Fuel Centerline Temp 
(top of core) Worst 

Case (K) 
MOX Fuel 0.041316 1141.84 1236.12 

PuZrHx 0.163695 803.95 898.60 
PuSiC 0.300000 753.15 847.80 

 
4) Reactivity Coefficients  

For safety reasons, the core moderator temperature and Doppler coefficient must also be 
negative under operating conditions.  Figure 3 shows the moderator temperature coefficient for our 
SiC IMF fuel.  It is expected that the IMF fuel will have a negative core moderator coefficient.  
Figure 4 shows fuel temperature (Doppler) coefficient for the SiC IMF fuel, which is negative for the 



entire range.  ZrHx was eliminated as a viable IMF fuel matrix material because of positive reactivity 
coefficients. 
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Figure 3:  Moderator temperature coefficient. 
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Figure 4: Fuel temperature coefficient for the SiC IMF fuel. 

 
 
 



6) Conclusions 
This Pu-SiC composite fuel should be attractive to the nuclear weapons non-proliferation program in 
its efforts to dispose of the weapons plutonium, because the matrix material does not breed more 
plutonium and yields a higher reactivity, runs at a lower fuel temperature, and more net plutonium is 
destroyed for equivalent burnups.  In summary, from a reactivity, fuel performance and reactor safety 
standpoint, a PuSiC fuel matrix offers excellent advantages over the conventional UO2/PuO2 MOX 
fuel for plutonium disposition.  The SiC IMF would not only give longer life, but would reduce the 
Pu-239 by a factor of a hundred, as opposed to the factor of 10 for the MOX fuel.  This value is an 
excellent disposal factor for plutonium .  Additionally, the SiC has proved its ability to experience 
irradiation with minimal effects and its reactivity and thermal characteristics are highly encouraging.  
The major area requiring investigation is the development of a capability to reprocess a SiC based 
fuel at reasonable costs. 
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