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.suclear fuel reprocessing regquire treatment for
effective long-temr storage. Heating by microwave
.erergy is explared in pracessing of two possible
~waste farms: (1) drying of a peiletad form of
.celcinad waste and (2) yitrifizarion of calcined
-waste. [t is sihown wnat residerce times for these
processes can be greatlyv radicac when using micro-
wave energy rather tnan ccnventioral! heating
sources, withcut af zcting creauct croperties.
Campaunds in fne was7a 3r: n o2 glass frit
: additives coupie very weii witn che 2.45 GHz
. microwave field so that no special microwave
absorbers are necesscary.

I. IMTRODUCTION

In many of the current and proscective phases of
radicactive waste treatment at the [daho Chemical
Pracessing Plant (ICPP} such 2s calcining. concen-
tration by evaporating, dryving of selleted waste,
or waste vitriricaziin, reat is requirad. Micro-
wave energy is consigerad in this paser as a
source of the process neat in the latter twc cases
because of its potartial fir remgte anclicition
for a radicactive process and its irnherent Juality
of "voline" instead cf "surfage" heating.

[I. MICROWAYE ENERGY

Microwave pawer cansists of electromagnetic {E-M)

radiation of relatively short wavelength. The
. frecuerry usad feor the studi=s reported here is
2430 MHz, wnizn rta3 a 1Z-am free-space wavelangth.
A microwave heating 3.:7% ::o2ists of three main
parts: the microwave gerarz<ue. 1v= arplizator and
the connecting wavequida, The 4 <W vi~iis'2 IEp-
erator used nere incluged a 60 Hz to dc puwer
sgurce, & magnatron with isclator to cereri=: -rn
microwaves, refiectad power dummy inad, and 23 ol
impedance matching tuner. The acolicatar ic - o-
Ply a vessel fc conzain the @izrowaves arg - e
Faterial to which <nay are 3 =& ancic-:. T
microwaves are rcuted from the generazor to oo
applicator through a hollow rectargular wi s,
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In a previous study, micrawave energy was found to
be patentially advantageogus for eitner drying
peliets or melting glass to produce a Tinal radio-
active waste form bv remote processes.: Microwave
heating has several octential advantages. The
intrinsic properties of microwaves allow them to be
channeled from a non-radiocactive area to a radio-
active processing cell with only minimal (about

0.2 d%/meter) vower loss. Virtually all of the
micrawave equipment can be kept outside of the
radicactive contamiration zone, leaving only the
hoticw wavsi.iza end the containment vessel (appli-
cator) in the radioactive environment.

The greatest advantage of microwave heating comes
¥n- that the process matartal is heated and net the
mrecess.  Frocach temperatures are nhot limited by
the tmmperature of *ne heat source as thav are by
conductitn, canvection, or radiation. The absor-
bent temperature is limited only when its rate of
heat loss is equal to its ratea of absorbtion. For
an akscrtent mitarial. adequately insulated, tem-
serature nas nc upper limit using even the Jeast
powerful gererator. “ractical limitations are
mostiy due tc the materials'ability to couple with
ana absorb the microwaves, the maximum temperature
allowabie in the apelicator, power available and
the ganerator efficiency (about 75% for most
magnetrons).

B. Microwave Breakdown

As in large d: slzctric field strengths, but by a
ightly differ:nt mechanism. gases can updergo
Leor ozvilincne breakdown wren cparating at
cwave frequencies with high-intansity electric
3 : e :
ds.~ Calculations were done o determine the
=713 of ionizing radiation and off-gases on the
Taur’ 3T a0 Iczwave breakdown occurs.
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Hatica o . $'liy J2crsase the break-
- 2.2 sirenlin. Yolatile materials such as
waier, fluerides, ana 0y would net significantly
teduce the breakdawn Tield strength from that of
clean air ccnditicas. It is recommended, however,
that off-gases should pe swept froam the microwave
field to prevent them fruom becaming nredominant or
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breakdowa will occur at significantiy reduced field
strengths.
IV. DRYING OF A PELLETED WASTE FORM

—#A:—-Laboratory-Scale Drying Tests

Laboratory experiments showed that the moist or
“green" waste pellets as produced at the ICPP lose
15-252 of their total weight during the drying
step.3 Six to seven percent of the pellet weight
is lost as NOy. most of the balance is water.
Microwave drying requires 10-20 min versus the 80-
120 min required using hot air. Figure 1 shows the
general shape of drying rate vs time for four levels
of power in a commercially available household
microwave gven, Figure 2 shows the wt% water left
in the pellet versus time for exposurea to the same
four levels of power. As can be expected, the rate
of water 10ss is highest when the water content is
wighest, and both asymtotically approach zero. The
w&igher power values yield not only higher drying
rate peaks but reach those peaks in shorter times.
This initial drying rate must be limited to prevent
the pellets from explading or expanding.
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Figure 1. Microwave Drying Rate vs.

Time for ICPP Pellets

Figure 2. HYater Remaining (Wt%) vs. Exposure
s~ .. Time to Microwaves for ICPP Pellets
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B. Miet-Scale Microwave Dryer

-~~—"“*:5uctessfu1 rapid drying of the pellets in the

labaratory without detrimentally affecting the

" final protuct prompted design of a pilot-scale dryer
——— (see Figare 3) for use in a pelletizing pilot

-plant.” Tite dryer/applicator was sized such that
for: the freguency range deviacions of the magretron,
the mumber of possible modes was maximized. Each
mode develops standing waves and nulls; i.e., lines

-- of higher and lower field strenoth where reflected

waves are reinforced or cancelled by wave interfer-
ence respectively. In the presence of a mode-
stirrer, a revoiving conductive fan blade, the
prevailing modes alternate, thereby changing the
wave-null pattern in the cavity and yielding fairly
homogeneous heating of the sample. Generally, the
larger the cavity the more modes that are possible,
but certain dimensions lead to more mades than
others even though they may yield the same appli-
cator volume.
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Figure 3. Schematic of Microwave Applicator

The pellet drye: was sized to maximize the number
of possible modes in the desired volume, giving a
51 om x 56 ecm x 91 am cavity. The dryer has two
microwave inlets from the genarator which may be
operated from 0-6 kW at 2.45 GKz. Pallets,
0.5-1.0 om in diameter, are vibrated down three
flights of glass trays tilted at 2-3° to give a
residence time of 15 minutes which is sufficient
‘to dry 25 kg of pellets per hour. Pellet inlet
and outlet are one inch tubes which allow gravity
flow of pellets, but contain the microwaves in the
applicator. The volatiles given off during drying
such as Hp0 and NJ, are removed by sweeping the
applicator with a preheated (~200°C) stream of air.

Care must be taken in the applicator desian. There
can be no metallic projections into the cavity as
they absorb energy. Applicator internals must be
microwave transparent. Materials such as glass and
A1203 ceramics must be used. Also entries into the
microwave applicator must be designed to prevent
microwave leakage.

Operation of the microwave drier will begin as soon
at checkeut of the pilot-plant system is complete.
Tests wii) include residence time versus through-
put ard r2-uired power, and evaluation of the
apalicazl- pnysical construction. Microwave drying



- this case is advantageous far at least three
-~ ggneews={T) heat—is zpplied from a generator lo-
‘eated in a nonradigactive area, (2) dryirqis faster
than by cenventional methods, and (3) microwaves
“wmifarmly ary the whale pellet whereas radiant
-heating tends to initially form a brittle crust on
the surface of tne pellet thai may crack as toe
Jnmer volatiles heat and axpand against this shell.

i V. MELTING OF CALCINED WASTE

. A. The Glass Melting Process Using Microwaves

Anather waste form being considered is irmobilizing
‘TCPP calcines in glass containing 20-33 wt% cal-
cine.5 The glasses are a combination of vitrifying
materials (frit) and the calcine (see Table I) all
melted at 1050 to 11000C. The mixture of calcine
and frit is melted for up to eight haurs to ensure
hemugeneity befare pouring into a final starage
canister. Joule heating, as proposed, uses elec-
trades under the glass level that pass current
through the molten pool, using the resistance of
the glass to produce heat. The possible advantiges
of microwave cver ioule heating for glass melting
are: (1) simple melter starcup, (2) no cependence
on glass electrical conductivity, (3) no electrodes,
and (4) no limit an operating temperature due to
electrode materia’s. To use joule-heating, some
supplementary means must be used c¢o raise the tem-
perature of the glass to a point where it becomes
electrically conductive. With microwaves, the
energy abscrbent glass will heat from ambient tem-
peratures. Using joule heating, the rate of heat
production is a function of the current and the
square of the path resistance. The melting rate
and temperature of the glass melt are therefore
functians of glass resistivity. so power applica- ~
tion controls temperature, and the temperature
change does net affect power efficiency. With mi-
crawave heating, the power source may be remotely
located away from process contamination, and the
electrades are eliminated.

TABLE 1

Compasition of Simulated ICPP
Zirconia Calcine and Glass Frit 51

Glass Frit 51, (GF51)a

IICPP Calcine Component Wt% Component Wt%

CaF,  50-56 si0, 66

L w0, 21-37 Bo03 8
Alp03 13-17 Nag0 24
B0 34 cud 2
Misc. 2-5

e

37 frit developed to vitrify ICPP zirccnia calcine.

Disadvantages include dependence on glass absort-
givit. and microwave breakdown in very high radia-
tion fields. Although the :-scrbtivity of the
glass is not temperature d.. 7gent it does depend
on_composition. Therefore microwave absarbtive
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“fmaterials must be included in the glass. This is

not a well understood phenomenon, There are indica-
tions that oxidation state may play an important

_part in microwave energy absorbence.

Additives to enhance microwave absorbence can be
separated into three categories. First, those
additives whose molecules couple ina lesser manner
with the electric field of the microwave E-M field
to generate heat. Water and NH3 are examples,
each having dipole molecules with coupling to

2.45 gigahertz radiation such that the dipole
“flips" in response to the alternating field
direction to generate heat.

Second, additives having magnetic domains that are
able to couple to the magnetic portion of the 2.45
gigahertz E-M field. Certain soft ferrites have a
magnetic domain flipping-rate capable of respond-
ing at gigahartz rates. Since each domain "flip"
results in a hystersis loss in material, heat is
generated.

Finally, additives such as carbon black and certain
salts can make a completely non-interacting sub-
stance somewhat conductive such that electric
current is generated through the volume of the
resultant mixture by the electric field of the
2.45 gigahertz E-M waves. The distributed current
through the distributed "resistance" causes heat-
ing of the substance.

Conversely if the absarbtivity is too high, indi-
cations are that the microwave energy is absorbed
in a thin surface layer of the glass. The glass
must then be adegquately conductive to melt the
bottom layer of the glass pool. "Skin effect) as
this is called will vary of course with the mate-
rial, temperature, and microwave frequency. In
simulated commercial waste at the melt temperature,
the skin depth appears (by visual observation of a
heated sample) to be only about ) centimeter. For
non-melted simulated commercial waste powder, the
skin depth apparently is many centimeters. The
electrical conductivity of the hot, melted waste
obviously is much larger than that of unmelted
powder leading to the difference in skin depth
effect.

The initial impression from testing of microwave
heated meits is that after melting has actually
been achieved, the skin-depth effect causes
further heating to resembie surface or radiant
heat behavior rather than volume type heating.

In pellet drying, though, the pellet size is such
that typical microwave volume heating shouid
result.

B.. Laboratory-Scale Melting Tests

Expariments using microwave energy to melt glass
have been reported.’»>® The laboratory-scale
microwave applicator built at the ICPP to vitrify
simula*~‘ :lcined waste was of simple design for
explor: . axperiments. so it was designed as
large &s possible in the allowable space to give
flexibility in the applicator wave modes. A mode
stirrer was included in the cavity. The msiter
was built from a two-foot diameter stainless steel
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- gl meefpat triut, withr & wetded-top- and tottom
Jamtt-@vewouabte top clesure to allow placement of
adamsing crucibles, Testing-was primarily divected
-iomird -qualitative measurement -of the absarbtivity ..

“gPFcalcine; glass frit components, ard microwave: (
absorbent glass additives. Twn types of ca]c'me?. ItFNSFSH- 17 -mﬂ W » 30 -wine—— Like 201 fewer
amre tested, ICP? zircomia caicine, and 2 alnim& 307 - ~—triation, free
- uste -cemposTtion prauased) hy Allied (S\ene1 ;a; 6 ferrite chunks
Simclear Services (AGNS Additives included three- .
commercially available ferrites, all of the second AGNS+GFS) 4 min/2ikW 13 min g:gziﬁgnelted
type described above. They were BaQ-6Fen(7 (7106) e e e
with a silicate sintering agent, Sr0-6Fes03 (5201) AGNS*GF51+ 4 min/2 kil 35 min  Some unmelted
also with the sintering agent, and Ba0-6Fepl; 106 calcine
(#307) alone. ST T AGNSHGFS1+ 6 min/2kd T35 minT  Much unmelted
Table II shaws the mixtures tested, time to melt, 307 : calcined .
mower setting, total exposure time. and results. ’
The results are gualitative, but point aut an
dmporant trend. None of the individual components .
esosed in these tests melted, although Cub and C. Future Testin
m"e" ':ftfé?_‘ O:hmd C:}g?ggssc‘:??‘?géd &?g‘{‘eg;g]y , The power required to melt the glasses needs to be
1 “s Frit with or without one of the ferrites more accurately measured. Absaorbivity tests need
S\;?i‘in did occur. it would arcear tnat' nat or’ﬂ to be dore on prospective glass tank refractories
oo g a1¢ accur. ot ARmereeduity 4 J as well as on glass mixtures. Measurements to
is the indivicual comonent abizrotivity imoortant, determine the effects of off-qases and high-
%‘t éhe&ﬁg;&cg;gntgfcﬁgs ,:];:‘m;iizlit:tlnzusggg;_ radiation fields on microwave breakdawn must be
J mp ot ngcessarﬂ begi olied by the single - done. Measurements to judge breakdown effects and
Y Y mprec Dy L 9 to compare volatility to joule-heating experiments
constituents. Future tests will have to more are also needed
thoroughly investigate this point. Perhaps mast * ;
important is that melting temperatures were easﬂy )
reached from ambient startup. ‘ ; V1. CONCLUSIONS AND RECOMMENDATIONS
= TABLE 11 Experiments show that microwave power appears
p):-actical for_drying pelleted waste and has poten-
-~ Results of Microwave Melting tial fer melting waste glasses. Planned pilot-

scale experiments will verify microwave pellet

JTests on Glass Torporents drying. Laboratory-scale mejting tests indicate

N dequate microwave absorbtivity in the glass
Time to Exposure a . .
rapd : o components to promote melting. Further testing
Material Melt/Power Time Commerts remains to draw ‘any cgncl_usions on glass quality
Lalcine Never/3 kW 15 min Slight warming and process characteristics.
(1cPP) _ REFERENCES
si0, Never/, U 15 mir  No change !
s : 1. T. . Piper and J. R, Berreth, The Potential
2;25407‘ Never/1 ki 5 min - Steam expansion . Application of Microwave Energy in Solidifying
2 : High-Level Nuclear Wastes, ICP-1145% (March 1978).
Nap5ily Never/1 ki 15 min No change
. . < . 2. A. D. MacDorald, Microwave 8reakdown in Gases,
0 g’:‘;’;}'g w 15 min - Partially fused . New York: John WiTey, 1966. :
Ferrite Never/1.5kN 15 min No change 3. S. J. Priehe, T. C. Piper, J. R. Berreth,

#106 : ' Application of Microwave Energy to Post-
Ferrite 8 min/1.5kN 15 min Partially fused Calcination Jreatment of High-Level Nuclear

$207 Wastes, DOE-ICP-T783 (February 1979).
Ferrite Never/1.5«W 15 min No change 4. §. J. Priebe, J. H, Valentine, Description of
;‘307 a Pilot Plant to Produce a Peﬂe‘red Form from
ICPP+GF . . s : 1muiated IC‘“ va -Level CaVcinnd Wastes,
JCPPAGFST 4 min/Z kW 30 win Uniform melt DOE-ENTCO-1032 ~ (Harch 19807
Cept wurtate
%SZWGFSH Eomir Zha 30 min Clesr »- L sume 5. 0. Gombert., H. 5. Cole, J. R. Berreth, Vitrifi-
“riation . ; cation of High-Level ICPP (2 Wastes.,
ICPPAGF51+ 5 min/2kW 30 min  Lit- 176 fewer | BOETCPTTIT (Febrary T98)
201 striations
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