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ON THE SEPARATION OF SILICON CARBIDE-COATED FERTILE AND FISSILE PARTICLES 
BY GAS CLASSIFICATION 

V. C. A. Vaughen 

ABSTRACT 

235 233 
The separation of U and D in the reprocessing of HTGR 

fuels is a key feature of the feed-breed fuel cycle concept. This 
is attained in the Fort St. Vrain (FSV) reactor by coating the 
fissile (Th-235o) particles and the fertile (Th-233u) particles 
separately with silicon carbide (SiC) layers to contain the 
fission products and to protect the kernels from burning in the 
head-end reprocessing steps. Pneumatic (gas) classification 
based on size and density differences is the reference process 
for separating the SiC-coated particles into fissile and fertile 
streams for subsequent handling. 

Terminal velocities have been calculated:for the + 2a ranges 
of particle sizes and densities for "Fissile B"—"Fertile A" 
particles used in the FSV reactor. Because of overlapping particle 
fractions, a continuous pneumatic separator appears infeasible;.; ,, 
however, a batch separation process can be envisioned. Changing 
the gas from air to C02 and/or the temperature to 300°C results 
in less than 10% change in calculated terminal velocities. 

Recently reported work in gas classification is discussed 
in light of the theoretical calculations. The pneumatic 
separation of fissile and fertile particles needs more study, 
specifically with regard to (1) measuring the recoveries and 
separation efficiencies of actual fissile and fertile fractions in 
the tests of the pneumatic classifiers; and (2) improving the 
contactor design or flowsheet to avoid apparent flow separation 
or flooding problems at the feed point when using the feed rates 
required for the pilot plant. 

1. INTRODUCTION 

The primary burner product from the head-end reprocessing of Fort 
St. Vrain (FSV) fuel is a mixture of SiC-coated (Th,U)C2 (TRISO-fissile) 
and ThC2 (TRISO-fertile) kernels. To avoid cost penalties due to the 

236 233 back-mixing of U to the recycled (bred) U, it is necessary to 
separate the fissile from the fertile particles before further processing. 
The separation method under prime consideration is classification by 
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size and density using a gas stream for elutriating the most fugacious 
particles. This specific problem has been addressed in two recent 

1 2 reports. ' 
Valentine,1 while working at the Idaho Chemical Processing Plant 

(ICPP) site which is operated by Allied Chemical Company (ACC), concluded 
that it was feasible to separate his mixture of FSV TRISO-TRISO 
particles at 11.5 fps by using air and a vertical tube. He obtained a 
fissile fraction of 99% purity and a fertile fraction greater than 96% 
purity as measured by sieve screen retention fractions. Additional 

2 
testing was recommended in this report. In like manner, deLesdernier, 
while working at the San Diego site .for Gulf Atomic Company (GAC), 
studied the separation of a number of mixtures of TRISO-TRISO fuels, 
including FSV scrap recycle rods, using an Alpine zig-zag separator. 
A mathematical model was developed to predict the separations for 
specific known mixtures to within +3.3 to -6.4% error. His recommended 
process includes a modular classifier unit having a zig-zag shape. 

This work presents some background calculations on the separation 
process, the sizes and densities of FSV specification coated 
particles (specifically Fissile B—Fertile A), theoretical terminal 
velocities calculated for air and C0£ at several temperatures, and 
additional calculations using the reported separation data. These 
additional calculations are used to propose areas for future study in 
the separation of silicon carbide-coated fertile and fissile particles 
by gas classification. 
2. MATERIAL BALANCES PERTAINING TO THE PNEUMATIC SEPARATION OF SiC-

COATED FERTILE AND FISSILE PARTICLES 

The generalized schematic flow separation is shown in Fig. 1. 
Assuming a fixed time interval of operation, a feed quantity (F, g) is 
separated into a product quantity (P, g) and a bottoms quantity (B, g), 
where 

F = P + B. 
Material balances on SiC-coated fissile particles (W ) and SiC-coated 
fertile particles (W™ ), are written: 
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Fig. 1. Schematic flowsheet for the separation of SiC-coated 
fertile and fissile HTGR particles. 
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( W u) F « (W^j, + (WU)R and 

<WTh>F = <WTh>P + < WThV 
For pure mixtures of these two types of particles, the following 
relationships also hold: 

F = <W(J)F + ( W T h) E 

P = (WU)P + (WTH)P 

B = ^ V B + < WThV 
Data collected from such an experiment can be tested for consistency using 
the above six equations, if values for ( W ^ , (W^p, (WU>B, (w

Th)p, 
(ff^p and (W^Jg, as well as F, P, and B are measured experimentally. 
These sets of consistent measured values may be combined in a number 
of ways for correlations with other run conditions. One such correlating 
factor is the separation efficiency, 0. Since the motive force (air) is 
applied to elutriate some particles, 0 is defined here for each type 
particle as: 

®u = (Wu)f 

0Th * ( W T h) F ' 

Development goals are then to maximize (approach 1.0) while 
minimizing 0 T h (approach 0.0). The effect of 0 T h approaching 0 will 
be relatively more important than 0 approaching 1.0 since losses of 

233 235 bred U are more significant than modest recycle of U. 
In the real case, each fraction of coated particle type is 

composed of a spectrum of sizes (Figs. 2 and 3) and the determination 
of the separation efficiency must involve the summation of the 
contributions of each particle size for each type (a bi-modal 
distribution is found in all streams). While this may be done by 

2 
standard standard mathematical treatments, it is important to 
perform this treatment in such a way as to preserve the identity of the 
separate types of coated particles. 

One way this might be accomplished for the bi-modal distributions 
is by running an additional material balance for the future studies 
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Fig. 2. Particle size distribution of FSV fuel particles, 
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Fig. 3. Particle size distribution of FSV fuel particles, Fissile A — 

Fertile B. 
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on the number (rather than weight) of fissile (or fertile) particles in 
a certain size range. For example, a mixed feed has the spectrum of 
sizes shown in Fig. 2. The parent data for this plot were a size 
distribution and a number percentage. Taking a random sample of the 
feed stock, weighing it, and then analyzing it on the particle size 
analyzer, one can obtain the numbers of particles in each size range as 
well as the total number per unit feed weight. By curve shape analysis, 
one should be able, to identify numbers of fissile and fertile particles 
in each size. By ratio, then, one may estimate the input in each range 
for each type particle. The product and bottoms streams may be analyzed 
by a similar procedure. Finally,one may calculate values for 
and (0^)where i represents a size range (e.g., 540—560 microns). 
The separate values for and (0^)^ may be correlated in much the 
same manner as reported.^ 

3. CHARACTERIZATION OF THE REFERENCE FSV PARTICLES USED IN THESE 
STUDIES 

The FSV reactor is fueled with blocks containing one of two 
different mixtures oi fertile and fissile coated particles, namely, 

2 
Fissile B—Fertile A and Fissile A—Fertile B, respectively. Each 
batch of coated particles is composed of a spectrum of particle sizes 
and shapes. The size distributions for the SiC coated particles are 
shown in Figs. 2 and 3. One of the distributions (Fissile B—Fertile A) 
has overlapping particle sizes. 2 The Quality Assurance (QA) specifications for Fissile A — 

2 Fertile B combinations are given in Table 1. 

4. CALCULATION OF COATED PARTICLE DENSITIES AND SIZES FOR FSV 
SPECIFICATIONS 

The following analysis will be limited to the Fissile B—Fertile A 
particles because of the size distribution overlap. The QA specifi-
cations and ranges given for kernel diameters and coating thicknesses 
allow a multitude of combinations of coated particles. The following 
assumption was used in setting approximate extreme limits on densities 
and sizes analyzed for this work. It was assumed that if conditions 
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Xable 1. QA fuel specifications3 for FSV type SiC-coated particles 

Particle 
Mean diameter or 
coating thickness 

(V) 

Standard 
deviation 

(y) 
Density 
(g/cc) 

Fissile Bb 

Kernel 240 20.0 9.5 
Buffer 58 12.0 1.05 
ipycc 32 5.7 1.90 
SiC 25 3.3 3.19 

Fertile Ab 

Kernel 370 33.0 9.5 
Buffer 58 12.0 1.05 
lPyCc 32 5.7 1.90 
SiC 25 3.3 3.19 

,aTable 4-8 from ref. 2 (GA-AI3135). 
°The outer pyrolytic carbon has presumably been burned off. 
clPyC means isotropic pyrolytic carbon coating. 

lead to a thin coating on one layer, all layers would be thin (or 
average or thick, as the case may be). In reality, the variations 
in coating thicknesses would probably not all be in the sane direction, 
but these cases should be included within the extreme limit boundaries. 

The regions of most likely particle sizes and densities for 
Fissile B—Fertile A particles were mapped by combining each of the 
kernels in three sizes (average, +2cr, and -2a) with thie coatings in three 
sizes (all coatings at their averages, at +2a,and at -2a), giving a 
field of nine combinations. The three kernel sizes are 200, 240,and 
280 Um for the Fissile B particles and 304, 370, and 436 ym for the Fertile 
A particles. Since the coating thickness specifications are identical 
for both particles, the coating thickness totals are 146, 230, and 
314 pre, respectively. The sizes and densities of these nine combinations 
were calculated by summing volumes and weights of the individual shells 
for each type particle. The probable ranges of variation of Fissile B 
and Fertile A particle sizes (Dp) and densities (p) are presented in 
Fig. 4. 
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Fig. 4..; Calculated densities and sizes of FSV specification 
SiC-coated particles. 
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The densities of particles from several i n d i v i d u a l slave 
fractions measured at GAC and at ACC are also plotted in Fig- 4. With 
the exception of the values around Dp = 350 U, which were measured at 
ICPP, these lie within the envelopes of the above calculated values. 
These exceptions may be from Fissile A type particles. 

5. CALCULATION OF THE TERMINAL VELOCITIES FOR THE SiC-COATED 
PARTICLES 

The calculated terminal velocities provide estimates for the 
gas velocities which are needed to just suspend the particles. Higher 
velocities cause the particles to elutriate; lower velocities allow 
the particles to settle out. The applicable formula for the terminal 
velocity of rigid spheres was taken from the Chemical Engineer's 
Handbook. This equation holds for dilute suspensions of solids. It 
was necessary to solve this equation by successive approximations for 
C, the drag coefficient, by using the approximation formula: 

c = i8.5 n:0-6. Re 
N refers to the Reynolds number. This approximation holds to within Ke 
about 5 to 10% of the published curve for C vs N in the range Ke 
4 N^e **»300. This is adequate for our purposes. 

5.1 Terminal, Velocities in Air at 20°C and 1 atm* 

Using the above calculated ranges of sizes (average + 2a) and 
densities for the fissile and fertile particles, individual terminal 
velocities were calculated for each of the nine cases and plotted in 
Fig. 5. The calculated range is from 10 to 15.5 fps for the Fissile B 
particles and 15.5 to 23.5 fps for;the Fertile A particles. Terminal 
velocities calculated for unburned TRISO coated particles (mean sizes) 
lie close to the right-hand side of the +2o boundary envelope. As shown 
in Fig. 5, the mean sizes of bare kernels are displaced considerably to 
the left; however, the calculated terminal velocities are still within 
the range calculated for the SiC-coated particles. 

*The properties of air at 20°C and 1 atm used in these equations 
are given in Table 2. 
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Fig. 5. Terminal velocities calculated from Ferry's Handbook. 
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Table 2. Effects of changing temperature on the terminal3 velocities of SiC-coated, mean specification Fissile B 
particles in air and CO2 -

Conditions: p = 1 atm, D = 470 ym, p = 3.025 g/cc 

T 
(°C) 

pair 
(lb/ft3) (lb ft-1 sec ) 

Ut 
(fps) 

NRe C U(T = i)/U(T - 20°C, air) 

20 0.07523 1.215 x 10"5 12.68 120.9 1.032 1.000 
100 0.05905 1.462 x 10"5 12.52 77.9 1.348 0.987 
300 0.03849 1.980 x 10~5 12.41 37.3 2.105 0.979 

T 
(°C) 

pco2 

(lb/ft3) 
M b 
C02 

(lb ft"1 sec"1) 
°t 
(fps) 

N • Se C °(T =.i/U(T = 20°C, air) 

20 0.1151 9.610 x 10"6 12.29 226.9 0.718 0.969 ' il •' 
100 " 0.09039 1.203 x 10~5 11.94 138.3 0.970 0.942 
300 0.05884 1.747 x 10"5 11.65 60.5 1.564 0.919 

^Calculated by formulas in ref. 3. 
= viscosity.,. 
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One concludes from this diagram (Fig. 5) that a dilute 
suspension of Fissile B—Fertile A SiC-coated particles could 
theoretically be separated at air velocities around 15.5 fps at room 
temperature if the actual particle sizes were well within the + 2a 
limits chosen for the graph. The Fissile A—Fertile B particle size 
distribution could theoretically be separated at lower air velocities. 

5.2 Calculated Terminal Velocities in Air and C02 at Elevated 
Temperature and 1 atm 

The calculated terminal velocities in air and CO2 at several 
temperatures are given in Tahle 2. For convenience, the properties of 
air and C02 at 1 atm and various temperatures are included. The 
change in temperature from 20 to 300°C (at 1 atm) lowers the calculated 
terminal velocity in air only by a few percent. The change from air 
to COg as the motive fluid decreases the calculated terminal velocity 
by less than about 8%. Similar effects are predicted for the fertile 
particles (npt shown in Table 2). 

5.3 Comparison of the Calculated Terminal Velocities with 
Experiments 

A direct comparison of the calculated terminal velocities with 
experiment cannot be made due to lack of experimental data on the 
behavior of known Fissile B SiC-coated particles and known Fertile A 
SiC-coated particles. The data reported as product purity1 or 

2 
separation efficiency are based on measurements of physical sizes 
in product endstreams. This does not give a direct measurement of 
the actual separation efficiencies when the fissile SiC-coated particle 
sizes overlap the sizes of the fertile SiC-coated particles (viz., . 
Fissile B—Fertile A combination). 

It is nonetheless possible to examine trends and obtain information, 
on the behavior of pseudo-fissile and pseudo-fertile particles from 
the reported data, bearing in mind the above limitations. The following 
treatment should also be applicable where the data are a direct 
measurement of fissile and fertile SiC-coated particle behavior. 



-13-

An empirical settling velocity may be defined as the condition 
of operation where half of the weight of fissile or fertile particles 
blows out the top while the other half reports to the bottoms. Thus, 
if 0 is defined as the weight fraction of particles of a given size 
range blown out the top of the unit,* one has an empirical terminal 
velocity under the conditions that 0 = 0.5. Values of particle 
diameters where 0 = 0.5 were obtained by recalculating or cross-plotting 
the published data at the various air velocities. The 0 = 0.5 value 

1 2 
obtained from the published data ' gave an empirical settling velocity 
for the pseudo-fissile particles of about 10.4 fps (-35 mesh) at ACC 
and about 12.1 fps (470 ym) at GAC. The theoretical settling velocity 
for the average Fissile B-SiC-coated particle was calculated to be 12.85 
fps, in reasonably good agreement with the GAC measurements. The 
fissile particle used in the ACC work may have been Fissile A rather 
than Fissile B. In like manner, 0 = 0.5 values obtained from the 
published data gave an empirical settling velocity for the pseudo-fertile 
particle of about 13.2 fps (+35 mesh) at ACC and about 14 fps (560 ym) 
at GAC. Both of these are significantly lower than the theoretical 
value (19.1 fps). These points are plotted in Fig. 4. 

This discrepancy may be resolved by further work using known Fissile 
B and Fertile A SiC-coated particles in studies with pure fractions 
(unmixed). 

6. EFFECTS OF FEED RATE AND PARTICLE POPULATION DENSITY ON THE PNEUMATIC 
SEPARATION OF TRIS0-TRIS0 PARTICLES 

6.1 General Discussion 

Continuous separation can be envisioned for the Fertile B—Fissile 
A mixed TRIS0-TRIS0 particle system where the particle size ranges 
do not overlap (Fig. 3). If the particle population at the feed point 
is dilute, the various particles either rise or sink at a velocity equal 
to the difference between their individual terminal velocities and the 

*deLesdernier defines the blown-out fraction as (1 - 0). 
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upward streaming gas velocity. At some point as the feed rate increases, 
the input rate of a certain type of particle will exceed the removal 
rate, and the population of those particles at the feed point will 
tend to increase. Continued buildup will tend to disrupt the former mode 
of operation, and may yield undesired cross-mixing or loss of control. 

In the case of Fertile A—Fissile B where significant particle size 
overlap occurs (Fig. 2), no single gas velocity can be selected that will not 
result in the accumulation, with time, of some coated particles (as well as 
unburned graphite) at the feed point, regardless of feed rate. Consequently, 
one will need to optimize a discontinuous (batch) separations process. This 
is not in disagreement with the reported work, since both Valentine and 
deLesdernier ran their tests in the batch (discontinuous) mode with feed 
times varying from a few minutes up to about 30 min and followed by blow-
out and shutdown fallout. Except for seme carbon accumulating in the 
column, no problems with accumulation at the feed point were mentioned. 

1 2 6.2 Effects of Gas Velocity on Particle Separation from Reported Data ' 

The data may be treated as representing the behavior of pseudo-fissile 
and pseudo-fertile coated particles if not actual fissile or fertile 
particles. Estimates may be made of the effects on the separation 
efficiencies of changing the gas velocity. The method of treatment can 
also be applied to data of the actual behavior of fissile and fertile 
particles when these data are available. 

Valentine presupposed a two-component system, namely +35 mesh (which 
is defined here as pseudo-fertile) particles and -35 mesh (pseudo-fissile) 
particles. The mixture was classified into an overhead product (blown 
out the top) and a bottom product (removed below). Each product contained 
both types of particles. If the separation Is good, the -35 mesh fraction 
is recovered in high purity overhead and the +35 mesh fraction is recovered 
in high purity below. Thus, Valentine's data are arranged to show product 
purities obtained at each experimental condition. While this is an 
acceptable method of analysis, looking at purities alone will not provide 
good comparisons when the feed stocks contain varying amounts of each 
type of particle. The material balance, and hence separation efficiency, 
for each particle type depends on the weights in each fraction as well 
as its purity. 
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A better analytical method, namely the particle size analyzer, 
was available to deLesdernier. Samples from each product were 
analyzed for particle sizes, and the histogram of numbers of particles 
in each 20-ym size range was generated. These histograms of the 

2 
separated products were then reduced to weight fractions and*ultimately, 
separation factor (0^) values for each size range and experimental 
condition. A shortcoming of the method used is that the identity of 
fissile vs fertile particles was lost. 

As an example of a combined approach to the analysis of 
experimental data from pneumatic separation studies, Valentine's data have 
been reanalyzed using some of deLesdernier*s methods. For simplicity, 
the separation efficiency, 0, is defined only in terms of product blovn 
out the top; namely, for the pseudo-fissile particles: 

a _ Weight of -35 mesh blown out the top 
-35 ~ Weight of -35 mesh in the feed 

and for the pseudo-fertile particles, is defined similarly. In 
this manner, a large value of 0 for either type particle indicates 
that a high proportion of either type is blown out the top. For a good 
separation, one wishes 0+gg t o be low and to be high. 

Using the preliminary data (Table III, ref. 1), material balances 
were used to calculate values for 0,__ and 0 The tabulated data +35 —35 
indicated good material balances for a feed composition of 57.3% of 
+35 mesh particles. [This is slightly lower than the value (58.88%) quoted 
in Table I, ref. 1.] It was necessary to assume: (1) the same 
fraction of +35 mesh material in the feed (57.3%) and (2) a 100% material 
balance, in order to calculate 0 35 and values for the data from 
the pilot-scale runs (Table IV, ref. 1) since the fraction elutriated 
was not reported. 

6.2.1 Analysis of the behavior of the pseudo-fertile fraction, 0. „,. 
with gas velocity 

The recalculated data have been plotted in Fig. 6 as ^ 3 5 vs air 
flow velocity in the range 9.3 to 12.8 fps. The data from the 
scouting studies (Table III, ref. 1) fell on a straight-line correlation 
of the form: 
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Fig. 6. Separation efficiencies for SiC~coated particles. 



-17-

_ AV - 13.60)/(0.ioi 
®+35 ~ 6 

2 
The correlation coefficient, R , was 98.9%. This would imply a blow-
out velocity of 13.6 fps if the equation were to hold to ~ 1.0. 

The values for 0 + 3 5 from the pilot-scale tube (Table IV, ref. 1) 
were measured at gas velocities between 10 to 11.7 fps and 
fell partially on the same line and partially lower. An average of 5 
vt % carbon was present.^ The effect of unburned carbon was not 
measured. 

deLesdernier's data have been recalculated to convert 0 to 
the same basis as used above [i.e., = (1 - . Data from all 
feed rates and velocities used at GAC are plotted in Fig. 6. The values 
for feed rates around 300 g/min are connected with dashed lines. The 
data from the GAC scrap tod runs have been put in this format: 

A _ Total in feed - amount in coarse fraction 
+35 " Total in feed 

for D = 540 ym. The GAC values for 0,oc below 12 fps are higher p +35 
than those found at ICPP. This is probably due to the limitations 
imposed by the single digit rounding of the tabulated data in 
deLesdernier's report. The spread of values of for any given gas 
flow rate is due to feed rate effects. While the trends are clear, 
further work is needed to obtain values of 0 + 35 (Dp = 540 y) with 
lower ranges of variation. 

Looking at all sets of data for the +35 mesh fraction, probably 
follows the ICPP scouting data [i.e., varies as an exponential 
such as 0+35 = e ^ ~ 13.60)/(0.56) k ei o w ab o u t 12 fps] and approaches 
1.0 asymptotically above this velocity. The apparent terminal 
velocity (0+35 = 0.5) is about 13.2 fps when calculated by extrapolation 
from the ICPP data, and about 15 fps when interpolated from the GAC 
data. Both of these values lie significantly below the envelope 
calculated for fertile particles shown in Fig. 5, and may represent 
the effects of particle loading in the unit. 
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6.2.2 Analysis of the behavior of the pseudo-fissile fraction, 0 __ 
with gas velocity 

Plots of 0_35 vs air flow velocity determined at ICPP for the 
scouting tests are quite different from the pilot-scale separator tests 
(Fig. 7). The slope of with velocity at several feed rates is 
much steeper with the pilot-scale unit than with the scouting tests 
at 3 min holdup, and even steeper than at the condition of 0.25 min 
holdup. If the feed were identical in both tests, one must conclude 
that the holdup in the pilot-plant device is very short, on the order 
of a few seconds. Alternatively, one could assume that the mixing 
conditions for particles and air at the feed point are substantially 
different in the two devices. ACC notes that the change in diameter 
from 11/16 in. to 2 in. results in less wall effect in the pilot plant 
separator.^ The GAC data for appear to group with the ICPP 
scouting data better than with the data from the ICPP pilot model 
separator. 

The apparent terminal velocity for the pseudo-fissile particles 
found in the scouting tests (extrapolated to = 0.5) lies well 
below the lowest velocity measured (9.3 fps) for both the ICPP 
scouting studies and the GAC work, and in addition, lies well below 
the calculated envelope for Fissile B particle terminal velocities 
shown in Fig. 5. The steeper slope of with velocity found with 
the pilot tube at ICPP crosses the 0_35 » 0.5 line at about 10 fps, 
which corresponds to the lowest point in Fig. 5. 

The data scatter indicates that the process is still not fully 
understood, especially with regard to scaleup. 

6.3 Effect of the Particle Feed Rate on the Separation 
Efficiencies 

6.3.1 Effects of feed rate recovery on the pseudo-fissile particles 
in the overheads 

Both deLesdernier and Valentine found that the separation efficiency 
decreased with increasing feed rates. The recalculated ICPP and GAC data 
indicate that the separation factor for the pseudo-fissile fraction 
(0_3j or q) decreases rapidly with increasing feed rate, except at 
the highest gas velocities (> 14 fps)(Fig. 8). In addition, far fewer 
fissile particles were found in the overhead product as the particle 
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AIR FLOW VELOCITY (V . fps ) 

Fig. 7. Effect of flow velocity on separation efficiency of 
FSV particles - 35 mesh (ICP-1051). 
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Fig. 8. Influence of feed rate on separation efficiency. 
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feed rate was Increased at any one gas velocity, AL. the &<AUIE Lisie, 
slightly more fertile particles were elutriated. While both of these 
effects can be attributed to particle-particle interactions at (and below) 
the feed point, the severe preferential loss of fissile particles to the 
bottoms fraction indicates that a worthwhile design goal still exists, 
namely, to reduce this entrainment by further study of the influence of 
the design of the unit geometry around the feed point and the further 
refinement of operating conditions (gas velocity and feed rate) on the 
separation efficiency. , 

It should be noted that acceptable separation efficiencies for the 
fissile particles (0 > 0.95) were attained only at velocities above about 
12 fps for feed rates above about 150 g/min, as shown in Fig. 8. 

6.3.2 Effects of feed rate on the separation of pseudo~fertile particles 
The calculated separation factors as a function of the feed rate 

for the pseudo-fertile particles or were quite different 
in the two reports. 

Values for were calculable from the ACC data only by using 
some assumptions, and the resulting values indicated that increases 
(the "wrong" trend?) with feed rate from 80 to 220 g/min. Furthermore, 
values for 0 + 3 5 only varied between 0.0015 and 0.034, which are orders 
of magnitude lower than those quoted for in the GAC report. Since 
the ACC data at hand are only estimates, no further discussion is made 
of the ACC data. 

The data for the pseudo-fertile particle in the GAC report were 
analyzed in more detail to establish trends. The shapes of the curves 
plotted for vs feed rate and gas velocity (Fig. 9) suggested an 
empirical equation of the form: = k ^F *Vn, where is as defined 
in Sect. 6.2.1; F is the feed rate in g/min, and k and a are empirical 
constants (k = 1.527 x 1010 and n = 10.57). The fit of the reported 
GAC data to this equation is shown in Fig. 9. ' The unconnected, data 
points are shown with lines calculated from this jequation. 

The curve fit is within the scatter of the GAC data at most 
• , 1 1 

conditions; however, the equation can yield.values exceeding 1.0 (a v 
fault) and does not follow the curve for 15.75 fps at feed rates 30,0. 
g/min. No theoretical significance is attached to this equation, but 
the implication that the product of the feed rate and the separation x 
factor is a correlating factor may be of some use in future models. 
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Fig. 9. Effect of feed rate on 0g^Q for GAC scouting studies. 
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7. SUMMARY OF RESULTS AND CONCLUSIONS 

The following results and conclusions were obtained in this . 
study: 

1. While GAC and ICPP have studied air ;classification of FSV 
type particles, neither has reported on the separation 
of fissile from fertile particles. 

2. The approximate terminal velocity of particles with Dp = 
470 Urn ($470 = 0.5) is close to the theoretical value 
based on QA specifications (y 12 to 13 fps). 

3. The approximate terminal velocity of particles having -
540 ym (0 = 0.5) is substantially lower (13.2 to 15 f p s) 
than that calculated (19.1 fps). This appears to be due to 
particle interactions. Particle concentration limits at the 
feed point could be examined in future work. 

4. Changing temperatures, to 300°C.,and the gas from air to CO2! 
resulted in theoretical terminal velocity decreases of less 
than 5 to 10% (i.e., relative modest changes). 

5. Increasing the particle feed rate results in lower separation 
efficiencies for both species,Dp = 540 ym (+35 mesh) or Dp = 
440 ym (-35 mesh), at any .given velocity or gas. In the FSV 
scrap rod studies, deLesdernier found no effect of feed rate 
on separation efficiency up to 350 g/min.^ 

6. The product of the separation efficiency and feed rate may be 
a useful correlating factor for gas velocity for the fertile 
particles. 

7. There may have been particle interactions or flow bypassing 
(hence poor elutriation) at the feed point for the higher 
feed rates used in the GAC and ICPP studies. 

8. SUGGESTIONS FOR FUTURE WORK 

The following suggestions for future work have resulted from 
this study: 

1. The pneumatic separation process studies should be extended 
to treat the separation of the bimodal distribution of 
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Fissile B—Fertile A SiC-coated particles explicitly. 
2. Additional studies with known pure fractions of each type 

particle will provide additional insight into the process 
for modelling purposes. Good experimental material 
balances for particle types are necessary as one check on 
the consistency of the data. 

3. These new data could be fitted to a revised mathematical 
model for describing the pneumatic separation of fissile and 
fertile particles. 

4. The equipment (i.e., the geometry, the feeding, the lack of 
"flooding," etc.) and flowsheet should be optimized with the 
aid of the model. 
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