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® Polycubes are mixtures
of plutonium and
uranium oxides that are
cast in apolystyrene
matrix.

lAss&ssment of Problem \

® The polycubes were
fabricated during the
Cold War for the
purpose of conducting
criticality studies.
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lAssessment of Problem \

® Approximately 1600 polycubes are in storage at Hanford.

> The polycubes arein avariety of sizes, the largest of
which is 2 inches x 2 inches x 2 inches.

> Some of the polycubes are coated with aluminum paint,
PV C tape, or Shurtape.

> The polycubes are now packaged in vented food pack
cans with 5 to 8 cubes per can.

> The presence of Pu?*® and Am in the polycubes causes
them to represent a significant exposure hazard.

® The polycubes are not suitable for long-term storage. e,
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| Goal of Stahilization Effort \

® Thegoal of this stabilization effort isto design, optimize,
and build apyrolysis process to stabilize the remaining
Inventory of polycubes at Hanford.

® Reguirements for the pyrolysis process.

> It must effectively destroy the polymer matrix and
remove it from the oxides of plutonium and uranium.

> |t must be suitable for glovebox operations.
> It must allow for minimal handling of the polycubes.

> It must be complete with off-gas treatment to oxidize
the hydrocarbons resulting from the decomposition 01;
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the polymer matrix.
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l The Pyrolysis Reactor \
%‘ ® A pyrolysis reactor

was designed and

_Off-Gas  Ar Feed built at Los Alamos
specificaly for this
Heat Pyrolysis Reactor . .
Shiedy | L application.
® Thereactor i1sbuilt to
focior o Tumme  be“user-friendly” for
Insert

glovebox operations.

¢ Furnace
Thermocouple
Polycube

vlimla,,
. = '0

1

Plutonium Stabilization - Research & Development

Firebrick




lThe Oxidation Processes\

Pressure  _ House Air e Th _ _
Gauge A ree oxidation
@_ P(fgusgge processes were
evaluated to
Reactor Off-Gas process the
COy, H20, T reactor off-gas.
N, etc.

.

B
Pyrolysis Unit T L

(2500 Watt Furnace)

Oxidation Process

House
1. Thermal Oxidation = = Argon
2. Catalytic Conversion

3. Silent Discharge Plasma Furnace Controller
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I The Performance of the Pyrolysis Reactor\

Polycube Before Pyrolysis ® Composition of a polycube:
> Polystyrene: 134.7 grams

> Al paint: 1.4 grams
> PVC tape: 4.2 grams
> Shurtape: 6.9 grams
> Total mass. 147.2 grams
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I The Performance of the Pyrolysis Reactor\

Dry Solids Left in Reactor ® Composition of the dry solids:
After Pyrolysis

> Thedry solids are presumed
to be aform of carbon.

> Total mass. 6.9 grams
® Only 4.7% of the original mass
_-.": -, of the polymer matrix remainsin
& . thereactor.

® Thedry solids areto be calcined
to remove any residual carbon,
and then packaged in a3013
storage container.
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The Performance of the Pyrolysis Reactor

Liquid Phase Fraction of ® Compostion of the liguid phase:

the Reactor Off-Gas > Styrene 52.4 grams
> Toluene: 11.6 grams
> Ethylbenzene: 10.2 grams
> Other cmpds.: 53.1 grams

> Total mass. 127.3 grams

® Most (86.5%) of the decomposition
products of the polymer matrix are
liquid phase compounds.
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I The Performance of the Pyrolysis Reactor\

® Composition of the Vapor Phase:

> The vapor phase contained volatilized versions of
the compounds found in the liquid phase (i.e.,
styrene, toluene, etc.).

> The vapor phase also had appreciable amounts of
vinyl chloride, chloroethane, and 1,2-dichloroethane
resulting from the decomposition of the PV C tape.

> Total mass. 13.0grams

® Approximately 8.8% of the decomposition products of
the polymer matrix are vapor phase compounds.
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Rate of Off-Gas Generation
Pyrol yS| sof a Sl ngI e Polycube -

8.0
| e Polystyrene cube
70 | —<— Polystyrene pellets (crushed cube ssimulant) | |
-V | —x— Cube with Al paint -
- | —=— Cube with PV C tape and Shurtape 1
6.0 | —+ Cube with Al paint, PVC tape, and Shurtape | |

i |

- Polystyrene cube 4.6 g/min
50 — Polystyrene pellets 4.8 g/min
. Cube with Al paint 4.6 g/min

Cube with PVC tape 5.2 g/min
- and Shurtape

| Cube with Al paint, 5.2g/min
30 — PV C tape and Shurtape
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Off-Gas Generation Rate (grams/minute)
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Pyrolysis Process with Catalytic Conversion
- Configured with Condense and Treat Option -

| 4- : =
<_:(:):_‘ Air Preheater
0 Gas Sensors

Surge Tank

*A A
= <

| e M

Heat Catalytic RV Pump Collection  Pyrolysis Argon Air
Exchanger  Converter ~ Chamber Reservoir Unit Feed Feed

.\aliml;,,,

",
%

S
2
=
-

Plutonium Stabilization - Research & Development




l The Catalytic Converter \

Catalyst ® The catalyst evaluated is the
PRO*HHC VOC catalyst from
Prototech Company.

> The catalyst is designed to
be resistant to acids formed
when oxidizing halogenated
hydrocarbons.

> The catalyst isin the form
of 1/4 inch pellets. This
facilitates handling in
glovebox applications

~ationg, ’
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l The Catalytic Converter \

. ® Threefactorsare used to
I b evaluate the performance of
Dispersion Bed the catalytic converter.
- (1/8 inch Al 504 pellets)
> QOxidation efficiency
| > Selectivity
Viantle > Catalyst longevity

Catalyst Bed
(/4 inch pellets)

A

Support Bed
(/8 inch A|203 pellets)
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Composition of the Effluent Stream
4000 L eaving the Catalytic Converter
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l The Performance of the Catalytic Converter \

® Oxidation Efficiency:

> The oxidation efficiency of the catalytic converter is
greater than 99.0%.

> The oxidation efficiency surpasses the 99.0% design
specification required by Hanford.
¢ Sdectivity:
> The[CO,]/[CQO] salectivity is greater than 800.

> The catalytic converter not only oxidizes the
hydrocarbons, it oxidizes them completely to CO.,.
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Oxidation Efficiency of the Catalytic Converter

99.300%
Oxidation efficiency of the catalytic
a I converter at processing the liquid and |
e 99.250% - _ vapor phase fractions of the reactor
S i \:\.\. | . off-gas. :
E | . i 4
S j "t T ,
g 99.200% - L R
5 |
: Oxidati 1 [CO,] +[CO] } orme
Efficiency = 100 X [ZTHC] — e
99.150% .. .
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Selectivity of the Oxidation Process

Selectivity of the oxidation process at |
processing the liquid and vapor phase |
* fractions of the reactor off-gas.
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lThe Overdl Performance of the Process\

® Cataytic Converter:

> The performance of the catalyst decreased only dlightly
during the duration of the pilot-scaletest. The oxidation
efficiency decreased approximately 0.05% per 30 polycubes
processed.

® Other Units:

> There was no noticeable deterioration in the performance of
the pyrolysis unit, the air preheater, the pump, etc.
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Reduction in Mass of Characteristic
Glovebox Materials Subj ect to Pyrol ysrs

Cellulose rags (reduced 79. 7%) ]

Category 1 . —

; Cellulose rags soaked in 15.7 M HNO, and dried (reduced 82.7%)
Materials

Phenolic screw caps (reduced 47.0%) -

PV C bag-out bag (reduced 83.0%)
Y ellow vinyl tape (reduced 71.7%)

i Elastic cord from bag-out bag (reduced 85.7%) ]

- Tygon tubing (reduced 91.3%)
- Dow& 11 anion exchange resin, chloride form (reduced 89.6%)

Category 2
Materials

Category 3
Materials

l Polypropylene‘rags (reduced 99.0%)
I Polypropylene rags soaked in 15.7 M HNO, and dried (reduced 99.1%)
Polyethylene pI astic bags (reduced 98.7%)
Category 4 B polyethylene pI astic bottles (reduced 98.3%)
Materials Teflon gasket material (reduced 95.3%)

=Tefl on pipe f‘itti ngs (reduced 96.3%)
F Nylon wire {u% (reduced 96.0%)
Pol

Iystyrene foam (reduced 100 0%)

0% 20% 40% 60% 80% 100% f"“"
Mass Percent of Material Remaining after Pyrolysis  ~|
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