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ABSTRACT

Foam has been effectively condensed by passing it through an orifice
at a velocity sufficient to cause at least 50% reduction of pressure-
Orifice diameters of 0.015, 0.100, and 0.250 cm were equally efficient
for foam composed of 0.05 to 0.08 cm diameter: bubbles. Small spherical
_thoria beads having high resistance to crushing and low internal porosity
were prepared by dispersing a. 4.5 M thoria sol through an orifice into
a mixture of carbon tetrachloride and isopropyl alcohol producing gel
beads which were calcined at 1000°C. The rate-controlling mechanisms
for the sorption of uranium hexafluoride on sodium fluoride pellets are;
transfer across the gas film, diffusion in the pore space and diffusion
through the UFg-NaF complex. Experimental data were correlated on the
basis of a model involving simultaneous diffusion and irreversible
reaction. Two high level waste calcinations runs using simulated FTW-65
Purex waste containing four times the normal sodium content are. reported.
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SUMMARY
1.0 FOAM SEPARATION STUDIES - WASTE PROCESSING DEVELOPMENT

Experimental results show that foams are easily condensed while
passing through.an orifice with upstream/downstream_pressure ratios of
two or greater. The 0.015, 0.100, and 0.250 cm diam orifices all gave
residual foam volumes of about 0.001 times the inlet foam volumes for

. foams of 0.05 to 0.08 cm mean diameters. As compared to impingement on

a Teflon sheet 2 to 3 inches from the orifice, the amount of uncondensed
foam was slightly decreased by placing the sheet 24 in.. from the orifice
and was slightly increased by use of.a glass wall in place of the Teflon
sheet. The 24 in. diam foam column (the proposed LLW.pilet plant column
diameter ) was operated at flows up to 80 liters/min of foam and 13 liters/
min of liquid. The amount of channeling -appeared acceptable at 5 liters/
min or less liquid and 50 liters/min or higher gas flow rates; an improved
liquid feed distributor will be necessary for higher liquid flow rates.

2.0 THORIUM UTILIZATION STUDIES

Spherical beads of thorium oxide gel in the size range 100 to 1000
were prepared by passing a.l4.5 M thoria sol through.a 0.006-in.-diam
orifice into a CCl,-15 to 17 vol % isopropyl alcohol solution, which
fluidized and dried the resultant droplets. The gel beads were further
dried and calcined at.1000°CAto give thoria spheres having high resistance
to crushing and little internal porosity. Surface active impurities
which were accidentally present appear necessary to prevent coalescence
and. to maintain the- spherical drop shape throughout drying.

3.0 VOLATILITY STUDIES
The removal of uranium hexafluoride from a gas stream containing ..

uranium hexafluoride and nitrogen by pelleted sodium fluoride was invest-
igated by the use of differential-beds of pellets. Expérimental data on

. the rate and extent of sorption was obtained in the temperature range 29

to 100°C . and uranium hexafluoride concentration range 0.57 to 10.9 mole
per cent uranium hexafluoride.

The results of this study indicate that the rate-controlling mechanisms
are transfer of uranium hexafluoride across a stagnant gas film surrounding
the pellet, diffusion of gasecus uranium hexafluoride in the pore space
of the pellet, and diffusion of uranium hexafluoride through a layer of
uranium hexafluoride-sodium fluoride complex covering unreacted sodium
fluoride in the interior of the pellet. The crystalliné density of the
complex UFg:ZNaF was determined to be L4.13 g/cc which indicates. that
incomplete reaction of.the sodium fluoride will occur for pellets in which
the initial volume void fraction is less than- 0.807.

A model was devised to represent the sorption of uranium hexafluoride
by a single pellet of sodium fluoride and differential equations based on

.the model were written. A general method of solution of the partial
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differential equation describing simultaneous diffusion and irreversible
reaction with variable diffusivity and reaction rate constant was
derived for systems in which a steady-state type solution is valid.

The experimental data were correlated on the basis of the model with a
root-mean square error of 9.5% for all points. The resulting computer
code and associated data may be used for design of sorber. systems such
as fixed - or.moving beds.. :

The effective capacity of 1/8-in. right circulat cylindrical pellets
of NaF for UFg was found to decrease with-increasing temperature; at 29°C
a capacity of 1.13 g UFs/g NaF was observed whereas the capacity at 100°C
was only 0.64 g UFg/g NaF. A model-predicted result of a 35% decrease in
capacity for pellets having an.initial void fraction of 0.45 was observed
experimentally as the surface area was increased from 0.86 to 1.1 mg/g.

4.0 WASTE PROCESSING STUDIES

Two tests, R-T7 and R-78, have been completed using FIW-65 Purex
waste with four times the normal amount of sodium (1.2 M_sodium). The
sodium was added as sodium-sulfate so that there -would be a 0.6 M sodium
sulfate concentration. The operation of this type of feed was fairly
difficult because the feed tended to foam and therefore more entrainment
in the off-gas line was encountered than with regular FIW-65 Purex.

The average feed rates for the two tests were 18.6 and 19.2 1iters/hr,
respectively. The resulting solid had a bulk density for the two tests
of 1.26 and 1.39 g/cc, respectively. The reason R-T8 had a higher density
was that 904 liters of feed was used for that test whereas only 726 liters
of feed was used for test R-77. The calcium added to complex the sulfate
for both tests was 10% 6f the total sulfate. The sulfate found in the
calciner condensate of test R-T7T was 0.0Y% of the total sulfate fed to
the system. The sulfate in the calciner condensate in R-T8 was much higher,
aboutv25%, due to the large amount of carryover. This type of feed can
be handled satisfactorily with the regular calciner operating procedure,
however, a larger de-entraining section in the calciner pot would be
advisable.
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1.0 FOAM SEPARATION STUDIES - WASTE PROCESSING DEVELOPMENT
P. A. Haas

1.1 Foam Separation - P..A. Haas, D. A. McWhirter

Engineering studies. for design and application of foam separation
columns were continued with the emphasis on the scale up of components
for the 24 in. diam column proposed for a Low Level Waste pilot plant.
The 6 and 24 in. diam columns were operated with orifices as 31mp1e and
easily scaled-up foam: breakers

Orifice Foam Bréakers. The idea of an orifice as a foam breaker was
developed from consideration of the foam breaking mechanism.in the sonic,
cyclone, and centrifugal foam breakers. _The scnic foam breaking mechanism

.is ascribed to pressure cycling effects. The 2 to 1 inlet to ocutlet

pressure ratio found necessary to make a cyclone an effective foam breaker
would produce a very rapid pressure change. Fecam flowing through either

a stationary fine mesh screen or a coarse:screen centrifuge bowl are
broken very poorly as compared to a fine screen centrifuge bowl. This
could be attributed to a pressure change as the foam.leaves the centrifugal
field in the bowl. Since sharp pressure changes and even pressure dis-
continuities are possible in an orifice, the performance of orifices as
foam breakers: was tested. ’

Experimehtal data were collected for four orifice diameters using

-foam from extra ccarse porosity fritted glass disc gas spargers. Foam

generated from.-200 to 275 ppm Trepolate F-95 solution was drawn through
the orifice by .vacuum with the top of the column vented to the atmosphere

" (Fig. 1.1). The amount of uncondensed foam was measured by operating the

orifice for 2 to 5 minutes and then venting the vacuum pot and discharging
the liquid and foam into a graduate. . The orifice diameter, the foam

rate, the pressure drop across the orifice, the foam density, the distance
from the orifice to the vacuum chamber wall, and the wall material were
varied.

The experimental results. show that foams are easily condensed by an
orifice with residual foam volumes of about 0.001 the inlet volumes for
the well drained foams (Table 1.1). Pressure drops from.atmospheric for
the inlet foam to one-half atmosphere in the vacuum-pot were adequate.
The same pressure ratio would probably apply at other pressures; i.e.,
an upstream tc downstream pressure ratio of two is probably adequate.
With the inlet foam at atmospheric pressure, condensation was less
complete for 30 or 25 cm.of Hg pressure drop than for 50 or 65 cm Hg, and
become very poor for lower pressure drops.

The results indicate that the condensation occurs as the bubbles pass
through the orifice and that orifices. smaller than the bubble and impinge-

ment of the bubbles on a surface are not necessary. The condensation of

1R. M. G. Boucher and A. L. Weiner, "Sonic Defoaming-Its Present Status,”

Food Processing, October 1962.
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Table 1.1. Orifice Foam Breaker Test Conditions and Results.

Solution: 275 ppm Trepolate F-35 and 0.002 N NaOH.

. . . . Average Fraction of
Orifice Opposing Wall Foam Column Pressure Foam Foam Bubble Uncondensed
Diam Diam Foam Drainage Drop Rate Density Diam - Foam
No. (cm) Material Distance (in.) Flow o (cm Hg) (cc/min) (mg/cc) (cm) . (cc/cc)
Twelve 0.015 Glass ~3% 6 Horizontal ~65 1000 ~3 0.05 < 0.001
One 0.100 Glass ~2 6 Horizontal ~65 5600 L 0.07 0.0016
: v 3700 3 0.06 0.0005
50 5600 L 0.07 0.0019
3700 3 0.06 0.0011
30 5600 4 0.07 0.0012
3700 3 0.06 0.0010
25 3700 3 0.06 0.0040
Teflon ~2 6 Horizontal ~65 5600 b 0.07 - 0.0005
3700 3 0.06 0.0006
30 5600 L 0.07 0.0012
3700 3 0.06 - 0.001Y4
Teflon ~2 6 Vertical ~65 3700 12 0.07 0.0040
1900 9 0.06 ) 0.0016
700 i 0.05 < 0.0005
50 3700 12 0.07 0.0040
230 3700 12 0.07 0.0032
1900 9 0.06 0.0021
700 L 0.05 < 0.0005
Teflon ~2l 6 Vertical ~65 3700 12 0.07 0.0016
-1900 9 0.06 0.0013
30 3700 12 0.07 0.0027
' 1900 9 0.06 0.0048
One 0.250 Teflon ~3 2h Vertical ~60 Loooo b 0.07 0.0010
: 32000 3.5 0.06 0.0011
16000 1 0.05 0.0005
8000 0.5 0.05 0.0005
One . 0.32 Teflon 2L Vertical ~50 48000 6 0.07 -
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- foam was about equally efficient for 0.015, 0.100, and 0.250 cm diam
orifices. The 0.0l5 cm diam would be smaller than nearly all the bubbles
while the 0.250 cm diam would be larger than nearly all the bubbles (mean
bubble diameters of 0.05 to 0.08 cm). For most of the tests, the stream
from the orifices impinged on a Teflon sheet placed 2 to 3 inches from the
orifice. The amount of uncondensed foam.was slightly decreased by placing
the orifice 24 in. from the Teflon sheet. The amount of uncondensed

foam was slightly greater for a glass surface than for the Teflon sheet.
It appeared that the foam bubbles broke before they hit the surface and
that the liquid striking the surface caused some formation of new foam -
bubbles depending on the material and position of the surface.

The drier foams from lower foam rates or better drainage gave smaller
fractions of uncondensed foam. This may have been due to less formation
of new foam bubbles on the Teflon surfaces.

24 in. Diam Column. The 24 in. diam foam column (see April Unit
Operations Monthly Report) with a feed distributor of nineteen tubes on
a 5 in. triangular spacing was operated at higher gas rates using the
0.25 and 0.31 cm diam orifice foam breakers. The amount of channeling
decreased as the gas (i.e. foam) rate was increased. With the present
feed distributor and 50 liters/min of foam, the flow was good with little
channeling at 5 liters/min.of-liquid (25 gal/sq ft hr), but channeling
‘was very bad at 13 liters/min (66 gal/sq ft hr). Channeling was less,
but still excessive, at.13 liters/min for 80 liters/min foam. A feed
distributor using a larger number of tubes on a closer spacing should
be designed and mocked-up for the 24 in. diam.LLW pilot plant column.
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2.0 THORIUM UTLILIZATION STUDIES
P. A. Haas

Procedures and equipment are being developed to adapt the Sol-Gel
process. to give a variety of product compounds and characteristics. The
conversion of thorium nitrate to a thoria sol by this process is a very
cheap, simple, and dependable cperaticn. Rounded thoria or thoria-urania
“beads of 100 to 1000 p diam without any sharp corners or crevices would
be excellent for coating with pyrolytic carbon coatings or for other
dispersion fuels. Since dried sol-carbon black mixtures react at relatively
low temperatures because of the.large surface area of each component,
~ spherical thoria-urania gel-carbon black beads would give spherical
thorium carbide-uranium carbide beads at temperatures of 1C00°C lower
than those used in.other processes. Therefore, procedures are being
developed for conversion of scls to dried gel beads of 100 to 1000 u
diam.

2.1 Thoria Micro-Spheres - S. D. Clinton, L. J. Hirth, D. A. McWhirter

Spherical thorium-oxide gel beads in the size range of 200 to 800
microns were made by fluidizing and drying 4.5 M ThOs sol droplets in . a
CCly-isopropyl alcohol solution (17 vol % alcohol) .The sol droplets
were formed by passing ThOz sol through a 6 mil diam orifice. The sol
beads were fluidized and dried in a 2 ft.length of tapered glass pipe
in which the average upward fluid velocity varied from 1.05 to 0.12 ft
per sec along the tapered ‘length.

A 6 mil diam orifice attached to a 12 in. length of 1/2 in. SS tubing
was used to feed the ThOs sol and form the sol droplets. During run A,
18 cc of 4.6 M ThOs sol (Density = 2.15 g/cc) was fed through the orifice
in approx1mate1y 60 minutes with only the aqueous sol height in the tube
acting as a driving force across the 6 mil diam.hole. The sol droplets
were formed in. the organic sclution with most of the drops in the size
range of 800 to 1000 microns.

The CCl,-17 vol % iscpropancl solution was circulated upward through
a 2 ft. length of tapered glass pipe column which varied from 1 in. ID
at the bottom .to 3 in. ID at the top. While ThOs scl was being fed to
the column during run A, the organic. flow rate was maintained at a ccnstant
value of 2.56 gpm. The average organic.velocity varied from 1.05 to
0.12 ft per sec-along the tapered length. corresponding to Reyncld’s
numbers of 10,000 to 3,3%00.

The sol droplets were apparently dried to a gel state in about 5 min
after formation, however, no gel particles were removed until 18 cc of
sol had been.introduced into the column and the organic flow rate
subsequently-reduced to 1.53 gpm. Eleven samples of ThOs gel particles
.were removed from the column.at reduced organic flow rates (Table 2.1).
These particles appeared to be spherical and exhibited no signs of particle
agglomeration. All of the ThOs samples were heated overnight. at 80°C,
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Table 2.1. Size Classification of Thoria Gel Beads by
Controlling the Organic Flow Rate

Avg Organic After Heating at 80°C
Velocity at Observed

Run A 1 in. ID Reynold!s Size Weight

Sample No. (ft/sec) Number (microns) (g)
1, 2, 3 0.63 6100 500-1000 347
4, 5 0.57 5500 500-900 9.49
6 0.52 5100 600-800 L.sh

7 0.45 4400 500-700 2.24

8 0.40 3800 500-600 1.43

9 0.29 2800 " 300-500 0.95

10 0.17 1700 250-300 0.38

11 0.00 0.09

0 150-250
o ‘ 22.59
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and subsequently three of the samples (A-4, 5, 6) were fired at 1000°C
for 16 hrs. The toluene density of the ThO» gel beads heated at 80°C
was 7.7 g/cc and increased to 9.6 g/cc after firing at 1000°C. On firing
to 1000°C the weight of the 80°C heated beads decreased by about 4.0%.

- Two photographs of the ThO> gel spheres sample No. A-8 (Figs. 2.1
and 2.2) with different exposures indicate the general shape of the
particles. In the cross-section view of A-8 (Fig. 2.3), the outer ThOs
shell (100 to 150 microns thick) was apparently formed while drying in
contact with the organic solution. The inner ThO, core was probably in
a sol state when the particleé were removed from the organic -solution,
however, on heating to 80°C additional water was removed causing the
inner core to solidify. From a cross-section view of ThOs particles
(sample No. A-5) after firing at 1000°C (Fig. 2.4) the ThO, appears to
be homogeneous and does not exhibit the shell effect of the 80°C
heated particles. Several surface cracks are apparent in the cross-
section of the high fired-ThOs beads, however, these cracks do not seem
to be detrimental to the particle crushing strength.

Attempts to duplicate run A with fresh CCl,-isopropanol solution
have failed due to sol droplets coalescing and wetting the glass column
wall. . In run A the CCl, léached the plasticizer from polyvinylchloride
tubing connecting the pump, rotameter, and column. Apparently- the
plasticizer was a surface active agent preventing drop coalescence and
glass wetting, however, the interfacial tension between the aqueous
sol droplet and the organic solution remained high ‘enough during drying
to maintain the spherical shape. The effects of surface active materials
on the sol-organic interfacial phenomena are being studied to determine
the conditions necessary for duplicating the results of run A.
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3.0 VOLATILITY STUDIES
R. W. Hortqn

3.1 Sorption of UFg on NaF - L. E. McNeese

Determination of the factors which control the rate of removal of UFg
from a flowing gas stream by a fixed bed of NaF is needed for rational
design of fixed bed sorbers which are to operate over wide ranges of
conditions. 1In a previous report (September 1961 Unit Operations Monthly
Progress Report), discussion was given of a physical model which explained
the observed characteristics of the sorption process. The model was
based on two key ideas: first, that the pores in pelleted NaF would be
filled with the UFg-NaF complex prior to complete reaction of the NaF,
and secondly, that the diffusivity in a gas varies as T3/2 yhereas the
diffusivity through a crystalline solid varies as e-E/RT, A partial
differential equation based on the model was derived from which the
loading on a single pellet could be calculated.

To provide data for checking the model, a series of runs was made
for measuring UFg loading on a single layer of NaF pellets (commercial
grade from Harshaw Chemical Company) through which a N5-UFg stream was
flowing (December 1961 Unit Operations Monthly Progress Report). In a
given series, temperature, UFg concentration, and gas flow rate were
held constant.

The partial differential equation which was derived contains three
quantities which are dependent on the amount of UFg that has accumulated
at a point. These are the point values of the volume void fraction, the
effective diffusivity, and the reaction rate constant. A numerical method
was devised for solution of the partial differential equation which ‘
allowed an arbitrary dependence of the quantities listed above on the
UFg loading (April 1963 Unit Operations Monthly Progress Report)

~ The crystalline density of the complex UF6°2NaF was determlned to
be 4.13 g/cm®. Based on this measurement, the density of crystalline
NaF, and the initial volume void fraction of the NaF pellets (0.L45), a
relation for the volume void fraction as a function of UFg loading was
derived which is
e = 0.45(1 - 168.1 q)
where

e = volume void fraction

point UFg loading, g moles/cm® pellet.

q

The two other relations (effective diffusivity and reaction rate
constant ) contain five constants whose values were determined by a
parameter search. The relation for the point diffusivity is

®
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n
Pe =-Pypg-n, 7€

and the relation for the point reaction rate constant is

8 - ae-E/RT -bq
where
DUFG'Ng = diffusivityhof UFg in N
¥y, n, a,E,,b = constants |
R = gas constant
T = time.

In order to accomplish the parameter search, the relations discussed
above were coded in FORTRAN for a finite-difference solution using the
IBM-T090 computer. For most of the computer calculations, the spherical
.pellet upon which the model is based was divided into forty shells of
equal volume; the length of each time increment was chosen such that the
- maximum change in.the point reaction rate constant or the point .diffusivity
‘during the time increment would be 5% of its current value or. less. In
this method of solution, the time increments were short initially (approxi-
mately 0.5 sec) and increased continuously as. the solution progressed so
" that after approximately 1 hour of computed time had been. accumulated
-time increments of approximately 100 sec were observed.

The calculational method was observed to converge.to within. 1% of
the analytical solution for B and D, of a functional form similar to the
experimental case when forty equal-volume shells were used. As a further
check on convergence, a number of the calculations were repeated using
eighty shells and a maximum change in.the current value of B or Dg of
2.5%; a difference of less.than 1% in calculated values for uranium
hexafluoride loading were observed for the two cases.

The relations:which resulted from the parameter search are

- 2°
D, = 0.369 DUFG-Ng €

B = 6.25 x.10% e-TOOO/RT e-159Oq .

A comparison.of the experimental data on variation of pellet. loading with
time with model-predicted values for the loading using these rate relations
is shown in Figs. 3.1 through 3.5. Experimental and calculated values

for pellet capacity as a function of temperature are shown in.Fig. 3.6.

The root-mean-square error for all points in.the study was 9.5%; the
largest error for a single point was 31%.
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The effect of a number of pellet properties on sorption rate and
capacity have been.considered. Thus far, however, the effect of the
surface area of the pellet has not been discussed. A dependence of
sorption characteristics on surface-area is predieted through the dependence
of the constants-a and b on the surface area. A direct dependence of a”’
on S is predicted and an inverse dependence of b on S. The net result
will be a decrease in effective capacity as the surface area is increased.
Calculations were made using the computer code for pellets having the
same properties as those of the study with the exception of surface area.
The results are shown.in Fig. 3.7 for the pellets of this study which
had a surface area of 0.86 m%/g and for pellets with surface areas of
1.0 and -1.2 me/g. The effective capacity of pellets -with a surface area
of 1.1 m?/g is :approximately T0% that of pellets having a surface area
of 0.86 m®/g. This result is in agreement with data resulting -from
repeated use of sodium fluoride pellets. After the first sorption cycle
pellets from this study had a surface area of approximately 1.0 m2/g and
an effective capacity of about 65% of the initial capacity.

Application of Data to Sorber Design. The results from the differential-
bed studies enable one to predict the rate of removal of uranium hexafluo-
ride from a gas stream by a pellet of sodium fluoride at conditions which
may be time dependent; theoretically, one can.also use the results to
predict the performance of sorber systems such as fixed or moving beds.

The calculations necessary for treatment of the general case are somewhat
involved and require a finite-difference integration in both time and
distance throughout the system. For this reason, the general results
will not be included in this report.

One can consider the results for a specific case which is frequently
encountered and which will serve to exemplify the effects of the system
parameters, temperature, and pellet diameter. The case to be considered
is that of a sorber system operating under conditions such that the pellet
loading reaches the effective capacity throughout most of the sorber
system. Such conditions include sorber systems having low linear gas
velocity (0.5 cm/sec in.a bed of 10 cm depth) or systems in which: the
bed occupies an extended length (150 cm at a gas velocity of. 5.0 cm/sec).
These results, shown in Fig. 3.8, also indicate the minimum quantity of
sodium fluoride of the type used in this study which can.be expected to
sorb a given quantity of uranium hexafluoride and will be useful until
more detailed information is available from the general solution.

A topical report (ORNL-349L) was written covering the work summarized
-in this report.
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Fig. 3.7 Calculated Values of Effective Pellet Capacity for Pellets
having an Initial Void Fraction of 0.45 Showing Effect of Pellet Surface
Area. :
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Fig. 3.8 Calculated Values of Effective Pellet Capacity for Pellets
having an Initial Void Fraction of 0.45 and a Surface Area of 0.86 Square
Meter per Gram. ’
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4.0 WASTE PROCESSING STUDIES
J. C. Suddath

The purpose of waste calcination tests R-TT7 and R-T8 was to test the
continuous evaporation.and calcination of FTW-65 Purex waste with four
times the normal amount of sodium;  the normal amount of sodium is 0.3 M,
this feed had 1.2 M sodium. In.a production plant, an equal amount of :
sulfate-as sulfuric acid would be added so that it would combine to form

- sodium sulfate, however, for these calcination tests all of the sodium

was added -as. sodium sulfate. The data from these calcination tests are
needed. for the design of the waste hlgh level pilot plant to be built
at Hanford.

4.1 Operating Results and Conclusions for Tests R-T7 and R-78 - C. W. Hancher

Tests R-T77 and R-T78 were exact duplicate tests using continuous
evaporation. The feed for these tests was FTW-65 Purex with four times
the normal amount of sodium (Table 4.1). The normal amount of sodium is
0.3 M, this feed was made up to 1.2 M sodium using sodium sulfate (0.6 M
sulfate) Calcium nitrate was added contlnuously during the calciner
feeding period so that the calcium molar content in the calciner would
be 10% of the total sulfate in the calciner.

The maximum feed rate during test R-T7 was T2 1iters/hr, the average
feed rate was 18.6.liters/hr (Table 4.2). The average feed rate for test
R-78 was 19.2 liters/hr with a maximum of 132 liters/hr (Table 4.3). The
total amount of feed used during these two tests was 726 and 9OL. liters,
respectively. The bulk densities of the solids were 1.26 and 1.3% g/cc,
respectively, which reflect the difference in. the amount of feed used.

The residual nitrate in.the solid was 100 ppm for R-77 and 140 ppm for
R-78.

The material balance for test R-77 (Table 4.4) showed an.incomplete
balance for nitrate and more than 100% for the other constituents, however,
these balances appear to be within the sampling and analytical error.. The
material balance for R-T78 (Table 4.5) is acceptable except for nitrate

-which was a 154% balance.

. The entrainment and volatilization of components into the calciner
condensate are shown in Table L4.6. The:relative sulfate concentration
in the calciner condensate for test R-77 is less than iron and sodium,
therefore, it is inferred that all of the sulfate was carry over

.associated with iron and sodium.and none of it was due to volatility.

The same can.be said for test R-78. The entraimment is high.because
this feed composition tended to foam a great deal. One of the contributing
reasons for the high amount of entrainment for test R-T78 was that the

.liquid level was operated about 5 in. higher than normal due to the

misplacement of the calciner liquid:level probe. There also. apparently
was a partial plug in.the top of the calciner during the early phase of

test R-78 which further increased entrainment into the calciner off-gas

line.
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Table 4.1. Feed and Solid Composition for Tests R-77 and R-T8
N03 Fe Na Hg SO4
Feed
R-T7 (g/liter). 137 0.2 27.3 0.90 60.8
(M) 2.2 0.19 1.19 0.00L45 0.63
R-78 (g/liter) 117 6.0 27.3 1.7 62.2
(M) 1.86 0.11 1.19 0.0085 0.65
Solid (wt %)
R-T77 -0.01 - : 8.85 23.6 3.0k 55.7
Bulk density '1.26 g/cc
R-T78 0.01k - 3.55 28.0 3.08 59.6

. Bulk density

1.36 g/cc
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Table 4.2 Hourly System Variables and Parameters

TESY R- 77 FEED TYPE =~ FTw-65 (SULFATE) OGPERATION MODE - CONTINUOUS
RUN SYSTEM SYSTEM CALCINER EVAPORATOR CALGCINER CALCINER EVAPORATOR SYSTEM  EVAPOKATOR CALCINER
TimMg FEED NATER ADDITIVE CANNENSATE FURNACE CONDENSATE COMDENSATE OFF-GAS DENSITY CONDENSATE
HOURS  LITERS LITERS LITERS LITERS (HUNDRED-THOUSANDS OF BTuS) CU FT GMsLC LITERS
| ag 37 1.3n o0l 1.98 4 1.03 {
2 In4 3 2 69 2.6n .09 X.69 23 1.2n 2
3 140 30 2 108 3.8a .73 5.11 34 1,23 3
4 193 30 2 i1 5.14 1.68 416 46 1,22 70
5 220 3 4 189 6.45 2.6! 7.80 57 1,23 108
] 254 31 5 223 7.73 3.86 9.63 68 1,29 146
? 296 32 6 267 8.97 4.%2 .87 79 1,30 186
8. 338 28 7 302 10,13 5.3% 12.09 [2] 1.29 220
9 386 58 ? 385 ti.28 6.17 ix. 87 tg2 1,29 254
10 384 58 8 383 12.4n 6,95 la.82 13 1,29 286
1 421 59 8 a2n 13.47 7.69 14.04 126 .28 318
t2 478 115 i} 534 14.5) 8.490 19,47 139 1,28 349
13 496 s Al 555 15.49 8.98 2n.67 152 1,31 374
14 532 142 1 618 16.36 9.46 21.93 166 1,27 3985
&) 557 142 12 642 17,07 9.87 2x.65 180D 1,27 “3
16 570 141 12 654 17.69 10.19 24.82 193 i.29 428
t7 5902 172 12 708 18.2n0 10.47 25,92 207 1,29 440
18 623 172 13 730 18,60 10.69 24.98 220 1,29 450
19 629 172 13 74% 19,13 10.87 28.00 234 1.29 459
20 628 173 13 747 19,5 10.99 2n.79 249 1,30 454
21 635 199 '3 778 t9.9n t1.18 2¢.82 262 .28 471
‘22 687 199 4 809 20,27 11,26 3n.80 278 1,30 476
23 667 199 14 81 20,62 11,38 3:.37 289 1,30 480
24 667 228 14 839 20.98 11,44 3r.23 3o2 1.29 4p4
2% 67) 228 14 84) 21.32 11,52 33.17 35 1,29 488
26 877 254 14 874 21.66 11.62 34.13 327 1,27 493
27 679 256 14 876 ?21.99 11.70 34.83 339 1.29 496
28 879 255 14 878 22.3n 11.78 35,48 351 1,29 a0
29 695 258 14 891 22.62 11.84 3«.09 363 1,30 502
30 693 282 14 91s 22,91 11.86 34.58 376 1,33 S04
31 696 282 X} 9l4 23,23 11,98 37.08 387 1,34 509
32 692 281 14 907 23,83 12,03 37.5%}) 399 1,37 LN
33 696 282 14 918 23.81 12.0% 37.67 43 1,37 312
34 692 282 14 (1] 24,0A 12.05 37.80 427 1,5% 512
35 896 312 14 936 24.4) 12.30 3n.37 439 I8 523
36 699 312 14 957 24.84 12.%8 39.89 450 .20 536
37 696 48% 14 1126 25.2n 12.78 43.66 462 1,20 548
38 754 60 L] 1300 ?5.65 12,90 4n,28 473 1,18 551
39 . 786 632 14 1327 25.97 12.95 49.10 486 1.2 553
40 760 632 14 1337 26.2% 12.96 49.79 499 1,32 353
41 760 659 14 1365 26.%54 12,99 5n,32 513 1.38 555
42 764 659 '8 1367 26.81 12.99 5n.83 528 (.35 555
43 761 659 14 1363 27.07 12.99 51.3% 542 1,31 555
44 763 659 14 1363 27.32 12.99 51,84 587 1.29 55%
45 764 689 14 1394 27.%4 12.99 52,34 572 .29 555
46 764 689 14 1398 27.7¢ 12.99 55.93 586 1,29 555
47 763 689 5 1394 26.02 12,99 53.49 600 (1 555
48 781 689 8 14t 28,27 13.03 %54.08 613 1,3t 556
49 781 890 I8 1421 28.5%5 13.04 %4.79 626 1,37 557
50 780 716 18 1448 28.8n 13.04 55,32 639 t,45 557
L1 780 Tle 8 14a8 29.04 13,01 $5.082 651 1,40 560
52 783 716 18 1448 29.34 13.20 56.44 662 1.35 564
53 783 . 748 8 1478 29,63 13.29 57.13 675 1,24 568
54 780 745 8 1479 29.92 13.36 57.79 687 1,25 571
L1 780 773 18 1801 30.2n 13.42 5n.43 698 1.23 573
56 779 772 8 1801 30.47 13.43 50.06 710 1.28 574
57 780 799 8 1831 30.73 13.43 59.70 723 .30 574
1] 788 798 19 1537 30.97 13.43 6n.34 737 1,30 574
eeeTAPE PARITY ERROR NEXT LINE
. 59 780 799 8 15134 31,20 13,43 al.,00 751 130 574
60 783 829 18 1567 31.39 13,43 61.6% 764 1.3 574
(Xl 7810 829 18 1563 31.62 13.43 62,34 776 1,33 574
62 781 855 18 1589 31.84 13,43 63.03 789 [Nk 574
63 780 856 18 1589 32,07 13,43 63,72 802 l.ta 574
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RUN
TImMe

HOURS
|

N-“OOBDICAEWN

R- 78

SYSTEM
FEED

LITERS
36
1614
238
351
466
510
567
599
632
704
722
753
758
761
766
768
770
790
793
793
796
797
798
758
804
ans
808
812
809
809
808
809
811
809
813
813
a0e
808
811
813
813
81t
82%
852
853

854

854
894
854
852
853
833
8s2
850
8s2
890
853
855
893
es0
854
8s|
850
8s5
8si
858
852
8s5)
852
854
85s
852
851
833
8s2
853

Table 4.3
FEED TYPE
SYSTEM CALCINER
WATER ADDITIVE
LITERS LITERS
27
27 3
85 S
1] 8
1o to
141 '
168 12
192 12
219 12
246 12
248 12
276 12
303 13
301 18
h 1] 17
327 1?7
358 t?
pL1] 1?
412 +?
438 17
439 1?
463 17
465 1?7
463 17
49 17
492 17
492 17
520 1?
$2) 17
822 17
547 1?7
947 17
548 ()
576 17
576 17
576 17
03 7
603 t7?
629 1?7
686 17
743 +?
826 17
LI t?
879 9
908 '9
908 9
908 9
936 9
962 19
1018 19
1040 19
1093 19
124 t9
1178 9
1238 K]
1262 9
1289 9
1318 9
1344 19
1373 9
1399 9
1454 19
1479 19
1509 19
1866 19
1993 9
1650 19
1677 9
1734 9
1790 19
1848 9
190 19
1958 9
201 9
2073 9
2130 19

Hourly System Variables and Parameters
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FTR=68 (SULFATE)

EVAPBRATOR
CONNFNSATF

LITERS
29
136
281
387
547
60%
687
742
B80s
906
924
(1.
1011
1020
10564
1054
1088
1ts
1169
1197
1197
1224
1216
1223
1256
1260
1260
1289
1288
1291
1318
1317
1319
1348
1382
1354
13764
1377
1408
1463
18520
1602
1666
1688
1719
1726
1714
1754
1784
1832
1859
1943
1938
t992
2050
2077
2107
2134
2159
2187
2218
2269
2294
2328
2381
2415
2466
2492
2549
2608
2606
2714
2772
2827
2888
294¢

MODE -

EVAPORATOR
COMDENSATE

2.08
5.46
a.3%
12.80
18,35
in.94
2,,0%
2x.08
24,93
27,17
2p.43
20.61
3In.63
3:.39
32.26
35.94
3x.97
3%.28
37.88
3a.75
39.49
4n.23
4n,.88
4,98
42.9%
43,93
44,068
45,47
4,17
46,93
47,69
4n.46
40,16
40.89
5n.53
5,16
5:.77
55.38
53.37
94.78
56.56
58.66
61.24
6,24
67.89
6%.6!
6x.87
6%.09
66,01
67.38
6n.85
.07
71.28
72.82
73.94
7%5.47
76.47
77.54
7.5%9
70.6!
8n.6!
81.66
87.8!
84.0!
8x,22
84.55
87.8!
80.17
9n.s82
92.10
9%.64
95.13
96.7!1
9r.33
ton,05

OPERATION
CALCINER CALCINER
FiJRNACF CONDENSATE
{HUNDRED~-THBUSANDS OF BTIS)
l.0% .00
2.2a 86
3.5 1.63
4,77 2.%3
5.9 3.28
7.0% 3.80
7.9a 4.29
8.79 4,70
9.46 5.0%
10,08 5.32
10,964 5.5%
11,03 5,74
11.9n 5.98
12,07 6.31
12.62 6.67
13.17 7.03
13,74 7.4
4,34 7.83
14,82 8.03
18,19 8.12
15,61 8.47
t6. 13 8.83
16.87 9.16
17.21 9.49
7.7 9.79
18.2n0 10.08
18,68 10,368
9.12 10,49
19,47 10,58
19,83 10,69
20,18 10,73
20,464 10,75
?0.74 10,79
21,01 10,75
21.24 10.79
21.90 10.79
21,74 10.7%
2t.97 10.7%
22,21 10,79
22,42 10,78
22.64 10.7%
22.84 10.7%
23,1n 10.81
?3.47 11.02
23.87 1.2l
24,264 11.34
24,62 11.82
28.0¢ 11.69
25,35 11,77
25.6A 11.8%
25.98 11.88
26.2% 11.89
26.%1 11.9%
26,77 11.99
?7.0% 12.02
27.28 12413
27.53 12.22
27.78 12.30
27.97 12.37
?8.2n 12,43
28,42 12,49
28,63 12,54
28.85% 12,60
29.04 12,66
29.24 12,7t
29,47 12,76
29.67 t2.81
29.84 12.86
30.08 12.94
30.24 12.92
30,48 12.94
30,69 12.99%
30.89 12.97
3.0 12.98
1,29 12.98
11,49 12.98

101,83

CeNTINUOUS

SYSTEM
OFF -GAS

CUFT

663
676
691
703
717
730
743
787
770
783
797
811
8258
838
882
865
879
892
904
917
931
944
957
971
984
997
1010

EVAPORATOR
DENSITY

GM/sCcC

112
l.20
1,35
1,32
1,29
1,36
1,32
b, 3t
1,31
1.29
1,39
1,33
.37
1.37
+,33
i.52
t.30
1,30

CaLCINER
CONDENSATE

LITERS

34

67.
104
134
187
178
196
212
224
234
243
254
269
285
304
319
337
346
351
367
382
398
412
426
439
452
458
Yy
467
469
469
469
469
469
469
469
469
469
469
469
469
472
482
490
496
504
512
516,
519
521
521
524
526
527
532
536
540
543
545
948
550
953
558
%57
589
562
364
566
566
567
568
568
969
569
569
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" Table L4.4. Material Balance for Test R-TT

fNoS . Fe Na‘_ Hg S04
IN: (wt in g). ' :
Feed : , 99, k62 7,260 19,819 653 . Lk, 286
OUT: | ' ' _
Evaporator 6,415 LkT70 1,137 T2 2,608
Evaporator Condensate 79,168 - . 1 2 32 32
Solid 7 7,752 20,748 68Y 46,208
Total 85,592 8,225 21,886 788 18,848
Balance (%) | : 86.1 113.3 110.k4 120.6  -110.3
Table 4.5. Material Balance for Test R-T8
NOs | _Fé Na Hg SO,
IN: (wt in g) o
Feed : 105,768 5,42k 24,589 1,564 56,138
OUT: . : ' . )
Evaporator _ 6,450 325 1,387 . 2k3 3,275
Evaporator Condensate 156,831 1 1 45 30
Solid o , 12 3,013 23,769 2,614 30,594
Total 165,285 3,338 25,157 2,902 53,899
Balance (%) 154.4 61.5 '102.3 185.5 96.01

Table 4.6. Entrainment and Volatilization of Components

Into Calciner Condensate

(% of Total Feed to System)

NO 3 Fe Na Hg SO 4
R-TT 182 00.27 0.13 110 '0407
R-78 157 278 302 151 262

aR-78 Fe, Na, SO, are high because of a foam-over of raw feed.
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4.2 Operating Control and Temperature Profiles for Tests. R-77 and R-78

Graphical representations for the control variables for the calciner
liquid level, evaporator liquid level, evaporator density, evaporator vapor
conductivity, and evaporator vapor pressure for test R-T7 are shown in
Figs. 4.1 through 4.5 and for test R-78 are shown in Figs. 4.6 through 4.10.

The calciner liquid level control, Figs. 4.1 and 4.6, for the two
tests indicate 0% control scale when the calciner was over-filled and
-100% of control scale when the calciner was under-filled. The control
scale range indicates about 4 in. of liquid level. The initial over-
filling was worse in R-T8 than in R-77, however, this is partially due to
the misplaced:1liquid level probe which was 5.in. high in R-78.

The evaporator liquid level control for the two tests, Figs. 4.2 and
4.7, show a satisfactory controlled condition during most of the test.
The control scale for this parameter is.about 14 liters at 0% of the scale
and 44 liters at 100% of the scale, however, it is not serious if liquid
is accumulated to greater than 100% of the scale. The fluctuation in test
R-78 was due to the liquid level lines plugging and being flushed with water
- to free them. ’

The density control for the two tests are shown in Figs. 4.3 and 4.8.
The density control for R-77 was good but slightly higher than the pre-
determined set point; this is not serious. 'The control of R-T78 density
was satisfactory except the density lines became partially plugged several
times. Peaks show cleaning of the plugged lines.

The evaporator vapor conductivity is a very unpredictable variable
but is not of high significance. The control of this variable is
acceptable for both tests. The evaporator vapor pressure control for
both tests was good. S

The temperature profiles for test R-T7 are shown in Figs. k.11
through 4.18. Figure 4.12 shows the upper thermocouple of the calciner
vessel, the sudden drop in.temperatures are due to the addition of liquid
feed in the top part of the calciner during a.period of time when the
thermocouples were in excess of 4LO0°C. Temperature profiles for test
R-78 are shown. in Figs. 4.19 through 4.26. The sudden variaticn of
temperatures in Figs. 4.19 and 4.21 is caused by the addition of liquid
feed to the hot calciner vessel during various times during the test.
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Fig. 4.12 Calciner Centerline Temperatures. Run No. TT.
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- L-{-(_



°C

TEMPERATURE,

1200

800

800

400

UNCLASSIFIED
ORNL-LR-DWG 76646

T I T T T T ] T 7T T

- o - ]
M 2 = z L 5
. ]
i 1 1 1 I 1 1 1 ] l 1 1 1 1 l 1 1 1 1 l 1 L 1 1 I 1 i l 1 1 1 L l i 1 1 1 ]
40 50 60 70 80
RUN TIME, HR
DISTANCE FROM BOTTOM
ELEVATION OF CRLCINER, IN.

X 70

Y 58

Z 46
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Fig. 4.16 Calciner Skin Temperatures. Run No. T7.
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Fig. 4.17 Calciner Furnace Temperatﬁres. Run No. TT.
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Fig. 4.18 Calciner Furnace Temperatures. Run No. TT.
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Fig. 4.20 Calciner Centerline Temperatures. Run No. T8.
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Fig. 4.21 Temperature's Inside Calciner Near Wall. Run No. T78.
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Fig. 4.22 Temperatures Inside Calciner Near Wall. Run No. T8.
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Fig. 4.23 cCalciner Skin Temperatures. Run No. T78.
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Fig. 4.24 cCalciner Skin Temperatures. Run No. T8.

-gg-



°C

TEMPERATURE,

1200

800

800

400

H vy o' LS wft
UNCLASSIFIED
ORNL DWG 63-1111
T T 1 T [ T T T T l T T T ¥ I T ¥ 1 T l T T T T I T I T 1 ¥ 1
e — = = * w— =
1 [l 1 1 I 1 1 1 I I 1 ] i 1 l i 1 L 1 l 1 1 1 1 I I L 1 1 1 ]
0 10 20 30 40
f T T T ‘ T T T T ' T T ¥ T I T T T T l T T T T I T I T T T 4
B ]
> x x Ny o o 2 Ut
- ¥ = = 3 o g— . 1 O
1
i i 1 1 ] 1 l 1 1 1 1 I 1 I [ 1 I ! 1 1 i l 1 1 1 i l 1 I 1 1 I 1 )
40 50 60 10 80
RUN TIME, HR
DISTANCE FROM TOP
ELEVATION OF CALCINER. IN.
X 5
Y 17
z 29
Fig. 4.25 Calciner Furnace Temperatures. Run No. T8.
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Fig. 4.26 Calciner Furnace Temperatures. Run No. T8.
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