





INVESTIGATIOR OF EXPLOSIVE CEARACTERISTICS OF PUREX soz.vxﬂ ELASS‘ H
DECOMPOSITION PRODUCTS (RED OIL)

I. INTRODUCTION

It neas long been recognized twat contactizg ICU witw Purex solvent over prolonged
periods of time will produce a ~complex mixture of uranium-containing decomposition
products. Tw-is mixture is known by us as "red oil" ard by the British as "trird

phase”,. This mixture, while not completely characterized, is known to contein ur-

enium salts of TBP decomposition products and/or uranium salts of nitrated fragments

of the nydrocarbon diluert (1). Continued recycling and concentration of “8F con- 152
tacted solutions produces thls heavy third pnase very readily. This twird ;nhase 1is f?t
believed to be the unstable nilrated mixture found in the equipment after the in- o
cident at tne Savannan River Pilot Plant (2, 3).

Current design for twe Hanford FPurex Plant is such that twe conditione obtained at
Savannan River are not approximated at any point. Uranium nitrate solutions are
continuously concentrated at lov temperatures whicw favor steam distillation of
solvent. Uranium solutions which are to be calcined are steam stripped of solvent -
prior to concentration. The waste concentratioan-acid recovery system is designed
to remcve tvwe organics continuously wiiy twe overnead except for small quantities
wvhich are continuously removed witw the acid wastes.

The studies cutlined below wvere made to establisn the nature and required conditions 3

for reactions of violent naturs to demonstrate the magnitude of the margin of safet
in the Purex and stal Recovery production plants.

II. SUMMAKY AND CONCLUSIONS

A. A rapid reaction of explosive violence is obtainadle from mixtures of "red oil" :
and uranium sclutions only under conditions of incinient calcination (ca. 150°- %
160°C).

Eight experiments under reflux conditions (for 6-8 wours duration) to simulate
the Purex uranium concentrators and three additiorsl reflux experiments simu-
lating the Purex waste concentratore {UFH = O.1M) resulted in slow evolution
of NO, but no uncontrolled reaction of explosive violence.

The residual solutions from the reflux studies, when comtined and evaporated,
swoved rapid decomposition only as calciring conditions verse approached. The
violt :e of twre de: osition appe to be a funct! of 1) the ebsolr

amount of "red oil"” present, and 2) a : :ondary function of the ratioc « JKE
to "red oil".

From the nature of the design of the Purex Plant, conditions neceesary to ob-
tain violent explosive reactions between "red ocil” and uranium solutions are '
aeffectively minimired for Ranford o mationa.

III. FIPERIMEl \L

Since none of the 321 Building "red oll” was still available for thess expesriments,
the initial laboratory effaorts were directed to the synihesis of this mixture. One
hundred ml cf 30% TBP - T0% Swell Spray Base vere added to 800 ml of 50% IAW-50% IC
(resultant aq. conc. = 0.1 M UNY and 1.1 M EXO3) and refluxed for T2 hours before










SECKET -€-

TABLE ITI

PUREY WASTE SYSTEM STUDIES

Exp. 9 Exp., ' _ Exp. 11

Volume of Solution charged (m!) 200 200 200

Volume of 30% TBP in Spray Bass (ml) L L 0

Volume of red oil (ml) 0 0 L

Conc. of HNO3(§) 8 10 10

Conc. of UKRH (M) L1010 gad W1 {36 am) .1
o Conc. of NaXO3(M) .5 ] )
: Conc. of FesOy-(NHy) S0y, (M) 1 .1 .1
Reflux Duration {nr) 8 8 8

4 Fume Bvolution (a)® (b)* (c®

*

{a) > fuming for 3 houra. than vsry slight.

{b) No fuming for 1 hour, then very elight.

(¢) Fumed after 15 minutes; fumed for 4 wours and then ceased,

! B, Celcining Reaction Studies

Since none of the vapor phasa reaction studies gave either an explosion or an
extremely rapid nitration reaction of the type experienced at Savannan River,
o it was decided to combine the residual reaction mixtures from the vapor phase
o studies and evaporate them to dryness.

Experiment 12

The reaction mixtures from Experiments 1-3 were combined using %00 ml of flush
vater and concentrated in a 1L twvo-neck flask equipped wvith pot thermome'
and take-off condenser. Solution was taken off overhead and collected in a
‘receiver. Fumes occurred at 140'C. When the pot temperature reached 150°C
and the overhead temperature reached 125°C, an explosion of mild intemsity
occurred which blev the pot thermometer from the flask.

Foaming also occurred which forcsd ca. 80% of the flask contents into the re-
ceiver, but with such force and rapidity that the condenser was left nlear of
solids. Examination of ths pot after the explosion showed yellow, white and
black crystalline subatances on the wall of v* pot. This indicates that cal-
W cination had started to occur at the time of foaming.

Ex ‘iment 13

In this ¢ _ iriment the residue from Experiment 4 plus 300 ml of flush veter
vas used. The evaporation procamded routinely and fumes of KO, were cbserved
at 130°C. When 1L6°C was reached in th» pot, foaming occurred, and the flask

L]

erplosion, and the thermometer remained securely in the flask although the tem
perature rose to 210°C. The ejected material contained 50% uranium, v sticky,
in natu and smslled strongly of organic. This « jeriment differed from Ex- 3

perimeat 12 in that here a higher ratio of organic/UKE in the residual ssa
charged to the pot was used.
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