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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,

e IR

. ‘r‘|'l'1'|=i : )
PORTIONS OF THIS REPORY ARE ILLEQIBLE, =

Rt has been reproduced from the bes:
aveliabls copy to permii the breadest
pessite avallabliity.

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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