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ABSTRACT

233y to HIGRs (High Temperature

The reference fuel kernel for recycle of
Gas-Cooled Reactors) is prepared by loading carboxylic acid cation-exchange
resins with uranium and carbonizing at controlled conditions. The loaded,
dried resin must meet specifications for sphericity, composition, and other

properties.

Microwave heating is used to give controlled and reproducible drying
of 1l-liter batches of uranium-loaded (4 kg of uranium) resin in a vessel
of safe dimensions for nuclear criticality (12.7 cm ID). The dried resin
must have a water content of 9 to 16 wt % to minimize handling problems.
The microwave heating evaporates water throughout the resin bed, with pre-

ferential heating of the wettest resin, and allows short drying cycles.

As part of the resin feed preparation before uranium loading, the sodium-
form resin is dried to allow separation of spheres from irregularly shaped
material., A commercial, packaged fluidized bed drysr gives acceptable control

and uniformity of drying.

*
Research sponsored by the Energy Research and Development Administration
under contract with Union Carbide Corporation.
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1. INTRODUCTION

The High-Temperature Gas-Cooled Reactors (HTGRs) use fissile particles
which are small spheres of carbide or oxide fuel encased in pyrolytic car-
bon covatings. The Fort St. Vrain reactor, a 330-MW(e) HTGR constructed by
the General Atomic Company for the Public Service Company of Colorado, uses
233 233

the Th~ u

U fuel cycle. The reference fuel kernel used for recycle of
is prepared by loading carboxylic acid cation-exchange resins with uranium
and carbonizing at controlled conditions.l A principal advantage is that
many of the critical product properties (e.g., particle shape, size, and
impurities) can be established and controlled for the feed resin before any
uranium is present. Another advantage is that the uranium in the product
can have any composition between UO2 and UC2 by controlling the conversion
conditions after carbonization. The best performance during high burnup in
a HTGR requires approximately 75% UCZ--ZSZ U02.2 Resin~based kernels are an
alternate for the 235U makeup fuel kernels.

The reference resin for 233U recycle kernels is Amberlite IRC-72.* A
typical fuel kernel of 60.0 x 10—6 g of uranium per sphere corresponds to a
diameter of 715 p for the wet, sodium-form resin or a diameter of 530 u for
the dried, uranium-loaded resin. About + 10% is a commcn diameter range.

A flowsheet was developad to demonstrate the efficient preparation of
the uranium-loaied resin using acid-deficient uranyl nitrate solution (Fig.

3,4

1) For this demonstration, the resin feed was not processed to meet all

specifications, and the procedures for drying the uranium-loaded resin would

: . 2 .
not meet the requirements for remote operation with 33U. This paper reports

*Trademark of the Rohm and Haas Company.




the tests made to the equipment and the procedures that were used for the
two resin drying operations. The process requirements had to be established
for both operations before equipment and procedures could be selected,

When the resin-based keruel became the reference recyele fuel in 197&,4
wve condurted tests to determine the efficiency of microwave drying of both
sodium-form and uranium-loaded resin. After the importance of controlled
and uniform drying of the uranium-loaded resin was established, it was ascer-
tained that microwave drying was apparently the best technique for meeting
the in-cell reguirements., Conventional fluidized bed equipment appeared

adequate te meet the simpler requirements for drying the sodium-form resin.

Acknowledgement.  The Metals and Ceramics Division at Oak Ridge Nattional

Laboratory developed the procedure for the carbonization and conversion of
the uranium- leaded resing they alse established the requirements for dried,
loaded resin.z’ Information concerning the development of resin~loading
processes at the General Atomic Company contrlbuted te our selection of

microwave drving equipwent,

2. MICROWAVE DRYING OF URANIUM-LOADED RESIN

The uvranium=-loaded resin is dried to simplify handling and transfers
and to meet the requirements for the carbonization feed. The uranium-loaded
Amberlite 1RC-72Z contains 25 to 30 wt ¥ water when drained briefly on a
filter or screen. Our drying results are expressed as Loss On Drying in
weight percent when dried to approximate equilibrium injambicn: air at 110°C;
that is, material drvied to 110°C in air has 0 wt % LDD.A Some of thu’water

A
is chemicaily bonded or adsorbed so that zero LOD does not mean zero water

content.



The optimum water centent for uranium loaded Asherlite $RC-72 appears
to be 9 o 16 wt § LoD, Above 207 LoD, resin particles stick topgether from
the elfects of molsture. Urantus~leaded resin dried Lo less than 9% Lob
shows detccbable static charge vifecls, and these charge eof foects were
extremely Croublesome at O to 2% L. The addition of graphive powder to
caat the resin can alleviate the charge effects, but the proferred method
uses less complete deviug of the resin o leave 9 to 163 LOD,

The resin (s 4 porous plastic and an escelient insulater., The con-
trolling requirement for dyving this resin i the beast necessary o vaporise
the water if contains. 1f the heat s supplicd by a flowing gas, the water
is evaporated and tie gas s cooled uatil {¢ becemes saturatod with water
vapar.  When a heated pas s oused, e deving 15 not uniform) almost com-
plete drying eccurs near the gas lolel before the resin s dey enough 1o §flow
freely or Yluldiszse away Tram tie inlel.

Fisvd=bued drying wtilizing upflow and downllow of sleam-heatod alr was
found to be unaccoptable, because geomelvy restrictions (or ouclear criti-
cality resulted in nonusifornm deving and leng drving oveles.  Flubdizoed boed
drying was alse rejuctaed bocausse of poor {luldization characteristies, loag
drying Uimes, and geometry resteictions., Microwave drving of ehe uraniom-
loaded resin nas yiwlded acceptable uniforsity and such shoerter drying cyveles
in a 12.7-cm- 1D wessel,

Microwave drying has several advaotoges over cenventional heating which
relies primarily on conduction~convection. These advantages fnclude instant
on~off capabiiity; moisture leveling (i.e., preferential hoatiag of the
wettest materinld; and shorter drying cycle without high temperatures., For

this application with geometry restrictions, poor thermal conductivity of



the resin, and uniformity requirements, microwave heating has satisfied our

requirements better than any other methods considered.

2.} Description of Microwave Dryer

Followlng the loading of vranium as uranyl ion on the ion exchange resin,
the fuel is transferred to the dryer as a slurry. Provisions for solids
addition and withdrawal (as well as liquid or vapor only, through screens)
is incorporated in a special flange assembly (Fig. 2). This flange has a
conical (~ 45" slope), 120-mesh screen with a hole at tke apex. A ball valve
is secured 1o the plate to allow transfer of solids.

A schematic diagram illustrating the components of the microwave dryer
syatem §s shown in Fig. 3. The resin container is a Pyrex tube that has
dimensions of 13.0 ¢ 0D x 0.3 ¢m wall x 1.2 mn long. Tihe reference 4 kg of
urasiuvm on 1l Iiters of resln cccuples approximately 752 of this column.

The stainless steel, microwave cavity is 1.2 m high x 1.2 m wide x 0.9 m
deep.  The widech and depth of the cavity, as well as the location of the
plass column, was selected by the microwave manufacturer. A motorized mode
stirrer is incorperated to level cthe eaergy distribution in the cavity. The
povier wouvrce fs o 2.S-kﬁ generstor operating at 2,45 GHz. A circulator and
dummy load are employed to prevent reflected power from damaging the power
tube. Transmitted and reflected power monitors arce also shown. A recircu-
lating hot alr system is operated during the drying cyvcle to reduce heat
transfer Zrom the resin to the surroundings. A 1-m length of flexible
wavegn de is used to facilitate connection of the cavity to the power source.
For in-cell operation, the waveguide would be through a cell penetration

with the power supply outside the czll.



2.2 Operating Procedures and Results

Following the washing of the resin to remove the excess uranyl nitrate
solution that is used to transfer the resin, the excess interstitial water
is removed by downflow of air at 28 slpm for 10 min. The microwave power
is then supplied to the cavity and the air flow is increased to 113 slpm
for one-half of the heating cycle, at which time the air is reversed and
increased to 226 sipm. The air is nassed through the bed to aid in water-
vapor removal, bw. the primary purpose is to promote mixing of the material.
At the onset of reversing the air flnw, smooth fluidization is nct observed;
instead, slngging and channeling can be seen. This is due largely to the
geometry configuration and also to the sticky phase during the drying cycie.

During a typical run, the column exit temperature rises from 25°C (the
gas supply) to the steady-state operating temperature of approximately 75°C
in less than 10 min. The saturated air leaving the resin bed is passed through
a condenser and the condensate is collected. For the reference ll-liter
batch the condensate rate is 2.8 liters/hr.

Development of a procedure (or determination of a positive signal) to
obtain the desired moisture content on a reproducible basis is necessary.
Initially, it was anticipated that the increase in the reflected power caused
by removal of water from the resin might be used as the signal to determine
when the desired moisture content was reached. However, experiments have
shown that the reflected power is not very sensitive to the change in water
content of the resin during a2 drying cycle. Due to the large load in the
cavity, the reflected power remains fairly constant (typically, 50 to 70 W).
This energy is absorbed by the dummy load. The temperature of the exit gas
does not vary with the LOD of the resin until the resin is much drier than

the required range of values.



A relationship between the average water content (LOD) of the dried
material and a drying factor has bezn established experimentally. The drying
factor, which uses units of kilowatt-minutes per liter of loaded resin,
enables the operator to obtain the desired water content for a given batch
size by selecting the heating time and the input power (typicaliy, z.5 kVW).
The dryiag factor is normalized per unit volume because the batch size may
vary.

Typical results are shown in Table 1. Samples for moisture content
analysis were taken from the bottom, middle, and top of the column. Uniform
moisture content within the batch and from batch to batch is quite good,
with differences varying less than 2%, To determine the duration of micro-
wave heating, the drying factor is multiplied by the batch size and divided
by the microwave input power. To obtain an average LOD of 13%, the drying
factor is 9.0 kW-min per liter of resin. Thus, the microwave heating cycle
is 40 min for the reference ll-liter batch when utilizing 2.5 kW of microwave
power. Approximately 60% of the total water (2 liters) is removed during
the microwave heating cycle. An additional 0.2 liter of water is collected
during the cooldown portion of the drving cycle prior to removal of the resin

from the column by gravity.
3. FLUIDIZED BED DRYING OF SODIUM-FORM RESIN

The commercial Amberlite 1RC~72 resin does not meet the HTGR specifi-
cations for shape and uniformity of size. It is a nominal -20 +50 mesh and
contains about 10 wt % of nonspherical particles, whereas the size and shape
of the resin feed to the uranium loading process are strictly limited.
Therefore, the resin is subjected te rlassification processes to eliminata

unwanted resin prior to uranium loading.
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One of the processes used is shape separation, in which the spherical
resin beads are separated from the nonspherical beads on a vibrating plate.
Shape separation must be performed on dry resin, since the particles must
be free rolling; excessive moisture tends tu agglomerate the beads. Prior
to shape separation, the resin is wet screened to about a 10% range of diam-
eters. The resin must be dried between the wet screening and shape separa-
tion operations. The LOD of the resin must be lowered to approximately 107
or less, but the resin must not be dried to the point of excessive static
charge development or resin damage. The wet, drained resin has a moisture
content of approximately 3.8 kg of water per kilogram of drv resin, or an
LOD of 79%. To reach an LOD of 10Z, 3.7 kg of water per kilogram of dry

resin must be removed.

3.1 Description of Fluidized-Bed Dryer Yquipment and Procedure

Currently, fluidized bed drying is employed to dry the sodium-form
resin; fixed bed, rotary drum, and microwave drying had been tested prev-
iously.4 Although the resin dried in the fixed bed and rotary drum tests,
it tended to agglomerate into large clusters. Microwave drying resulted in
some of the resin being charred. Fluidized bed drying was selected and con-
firmed to be a suvitable aiternate method offering acceptable control of
drying temperature and product dryness; it also maintained an agitated bed
to keep the particles from forming clusters.4 The carboxylic acid resins in
the sodium form were dried to 1G0°C, and were rewet with no detectable change
in exchange capacity; unde. the same conditions, hydrogen-form resins show
a loss of capacity. Conditions and procedures for use of a pilot-plant scale,

fluidized bed dryar were tested as a problem for the MIT School of Chemical

Engineering Practice at Oak Ridge.




The fluidized bed drying is performed in a commercial, packaged drying
unit,* as shown schematically in Fig. 4. The product container, with a
capacity of 82 liters, is filled with wet resin and sealed pneumatically
into the dryer. The electrically driven blower pulls room air through the
bed at 375 to 565 slps, and the air is heated at the inlet by the finned-
tube steam heater. The inlet air temperature can range from ambient to
110°C. The temperature is controlled with a proportional controller and
an air-actuated valve on the steam inlet. Air flow and fluidization is
contrclled by a damper which directly precedes the blower.

A typical drying run begins with the loading of the wet resin into the
bed. After the product contuiner is sealed into the dryer, the air flow is
started and the inlet air tomper:ture is set. While drying can be done at
almost any temperature, 93°C is preferred because it results in a short
drying time with no damage to the resin. The damper is manipulated to pro-
duce a well-agitated bed. Due to the sticky nature of tihe wet resin, a
smooth, fluidized bed cannot be achieved. There is always a good deal of

slugging, channeling, and expulsion of material from the bed.

3.2 Results
Three drying periods are observed. In the first period, the bed is
warmed to equilibrium with the fluidizing air. In the second period, the
drying reaches a constant rate, and the outlet air temperature remains con-
stant at 38 to 43°C. Finally, a falling-rate period is entered. The resin
suddenly shrinks in volume by a factor of 4.3, and begins to fluidize more
evenly. The outlet temperature begins to climb, and, at an outlet tempera-

ture of 82°C, the dryer is shut dowr and the product is removed. At this

*Model FA-75 Fitzaire Fluid Bed Dryer, The Fitzpatrick Company.



point, the resin has an LOD of 10 to 134, The elapsed time of drving ranges
from 1 to 2 hr depending on the batch size, atmospheric conditions., and the

initial wetness of the resin.
2

4. REFERENCES

1. Gas-fooled Reactor and Thorium Urilization Frograms Annuval Progress
Report for Period Ending Dec. 31, 1973, ORNL-4975 (April 1976).

2. D. R. Johknson, W. J. Lackey, and J. D. &ease, The Eflects of Processing
Variables on HTGR Fuei Kerpels Fabricated from U-Loaded Cation Exchange
Resins, OURNL-TM-4989 (August 1975).

3. P, A. Haas, HTGR Fuel Development: Loading of Uranium on Carboxylic-
Acid Cation Exchange Resins Using Solvent Extraction of Nitrate,
ORNL-TM-4955 (September 1975).

4, P, A, Haas et al., Sect. 3.4 in Thorium Utilization Program Annual
Progress Report fnr Period Ending June 30, 1975, ORNL-5128 (in
preparation).

5. Personal communication with H. Z. Dokuzoguz and G. L. Besenbrach of the
General Atomic Company, f.n biego, California, May 19-21, 1975.

6. J. Vora, S. Michaels, and P. Stiros, Fluidized Bed rying of Lation
Excnange Resins, CEPS-X-224.




Table 1. Drying of uranium=loaded resin with aicrosave heating

Air Flow: 1l13-slpm downflow for one-izlf of time ot powery
113-, 142-, or 27L-slpm upflow for oae~half o
time at power and for 30 min cooldouwn

Drying factor Wet resin § Condensate
kW-min VO Lume LoD (wt ) . ve lume
lite: resin (liters) Bottomn Middle Top Averaye (liters) min
8.0 11.5 77 15.6 13,2 A Z.O8 4 2.0
11.1 14,7 15.2 14.7 4.9 2,14 %4.5 2.0
11.5 15.5 16,2 15.1 13.6 2.08 7 2.5
8.8 9.65 14,2 15.3 12,4 15.0 1.8} 34 2.5
9.0 11.1 2.5 1304 13.4 13.1 2.30 42 2.5
11.4 14.0 14.5 12.3 13.6 2.67 41 2.5
11.1 13.6 13.3 3.2 13.4% 1.98 40 2.5
9.3 9.63 13.6 14.6 13.6 13.9 1.83 36 2.5
9.5 10.25 10.2 12.7 12.4 11.8 2.02 39 2.5
12.0 15.8 14,2 11.6 13.2 2.50 46 2.5

2L0D = Loss On Drying.

01



ORNL DWG. 75-4915 RI
RESIN FEED COMMERCIAL
le—— CATION
PREPARATION RESIN
HYDROGEN FORM 2230, (N0, + HNO, BASIC SOLUTION—
RESIN FEED (HR) SOLUTION FEED {Na OH,NH, OH, ETC.}
l ADUN , ADUN
RESIN HIGH NOJU | panyL NITRATE MED. NOZ/U NITRATE
LOADING ADUN SOLUTION SURGE | apun EXTRACTION
MED. NO3/U LOW NOJU
URANYL - LOADED WASH DILUTE  CONC. AMINE FREE
RESIN, U02R2 HZO ADUN ADUN NITRATE AMINE
1 10
RESIN URANYL NITRATE | SCRUB |opGANIC AMINE
DRYING EVAPORATOR REGENERATION
SCRUB
H,0
DRIED RESIN CONGENSATE ———" No NOz OR NH4NO
TO CARBONIZATION H,0 SOLUTIONS

"ADUN" INDICATES ACID-DEFICIENT URANYL NITRATE (NOs/U<Z, MOLES/MOLE)
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