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ABSTRACT

radioactive wastes generated from
..nuclear fuel reprocessing require treatment for
effective long-term- storage. Heating by microwave
energy is explored in processing of two possible

.taste forms: (1) drying of a pelletsd form of
.calcined waste and (2) v i t r i f i ca t ion of calcined
'-waste. I t is shown tnat residerce times for these

processes can be greatly radi'caa .vhe.i using micro-
wave energy rather tnan conventional heating
sources, without af-'ecti^g srcsuct properties.
Compounds in the wasts ^r:
additives couaie Jery weii
microwave f i e ld so that no
absorbers are necessary.

-..••'e glass f r i t
ui ens 2.45 GHz

special microwave

r.
In many of the current and prospective phases of
radioactive waste treatment at the Idaho Chemical
Processing Plant (ICPP) such .-s calcining, concen-
tration by evaporating, drying of pelleted waste,
or waste v i t r i rica-.i m, f-est is required. Micro-
wave energy is considered in this paner as a
source of the process heat in the lat ter two cases
because of i t s potential f-.r remote acclimation
for a radioactive process and i ts inherent jual i ty
of "volr.ne" instead cf "surface" heating.

I I . WICROUAVE ENERGY

Microwave power consists of electromagnetic (E-M)
radiat ion of r e l a t i ve l y short wavelength. The
frecuenry used fo r the studies reported here is
2450 Wnz, wh"';n hai .5 1£-cm free-space wavelength.
A microwave heating 3 ..•"?•• : : - f " ~ t s of three mam
parts: the microwave g e w a ::;••. :-•- =<nDl icaror and
the connecting waveguide. Tie 0 <W v j - ; v ' ; .TRP-
erator used here included a 60 Hz to dc power'
source, a magnetron with iso la tor to cere ' - ; - ; -~n
microwaves, re f lec ted Dovier dummy load, or.a 3 ' . . :
impedance matching tuner. The ass l i ca tor IT ' I -
ply a vessel to contain the mi rrcwavr^ .,.-:; v.-
material to which tney j r e to te J : . : ! 1 - : . ' •••-
microwaves are routed frcm the generator ta -.-•-
applicator through a hollow rec ta rc j ! * " - w.i/^ ' . . :

.NOTICE
MCTMII3 OF THIS BEPMT1BE
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•wtHabto can to permit ttw hrtadest
piMlMo •vjllaMlity.

Kt- STUDIES

Process AppTfcafton

In s prevtcras study, nricrowave energy was found to
be potentially advantageous for either dryinn
pellets or melting glass to produce a f inal radio-
active waste form bv remote processes.1 Microwave
heating has several potential advantaqes. The
intr insic properties of microwaves allow them to be
channeled from a non-radioactive area to a radio-
active processing cell with only minimal (about
0.2 dS/meter) power loss. Virtually al l of the
microwave equipment can be kept outside of the
radioactive contamination rone, leaving only the
hollcw .ta'i~''.-.Tze and the containment vessel (appli-
cator) in tne radioactive environment.

Tits greatest advantage of microwave heating comes
itr tftat the process material is heated and'not the
process, f-rodjet temperatures are not limited by
the tgnperaturs of tne heat 6ourc° as they are by
conduction, convection, or radiation. The absor-
bent temperature is limited only when its rate of
heat loss is equal to i ts rate of absorbtion. For
an afcscrtent m te r i a l . adequately insulated, tem-
perature na= nc upper l imi t using even the least
powerful generator. Practical limitations are
mostly due tc the materials1 abil i ty to couple with
ano absorb the microwaves, the maximum temperature
allowable in the applicator, power available and
the generator efficiency (about 75?; for most
magnetrons).

B. Microwave Breakdown

As in large dc elsctric f ie ld strengths, but by a
sl ight ly diffe^riit mechanism, nases can undergo
eiect'en avalin;ne breakdown wren operating at
microwave frequencies with high-intansity electric
fields.-1- Calculations were done to determine the

icnizing radiation and off-gases on the
1 i-y.-isi*-} breakdown occurs.

r- a 1 - • 1 •. •

' • - " \ : • : : - • : - • - - • • . • • • . - - . - . r o v a v e p e l l e t
' . " ' " " • « • : . ' ' • • " " ' " ••"->] c - i c r s a s e t h e b r e a k -

••• -"•;..' strenjtn. Volatile materials such as
..;ttfr, fluorides, ana ;;0x would not signif icantly
fediice the breaKd;>n f ie ld strength from that 0?
clean air ccndit-c.is. I t is recemmended, however,
that off-gsses should oe swept from the microwave
f i e l d to prevent them from becoming predominant or
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