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INTRODUCTION

The Kuclear Division of Union Carbide is responsible for the
development of the fluorocarbon-based selective absorption process
for removing noble gas fission products, carbon-14, and other radio-
active contaminants from the gaseous wastes of nuclear facilities.

In order to accomplish the duel objectives of cowponent removal and
subsequent concentration, the process utilizes three operations:
absorption, fractional stripping, and final stripping. Each of these
performs a separation by exploiting the solubility differences be-
tween the various of f-gas components in the process solvent, di-
chlorodifluoromethane (R-12). The performance and reliability of the
process have been demonstratec on an engineering scale with 10 years
of pilot plant operation at the Oak Ridge Gaseous Diffusion Plant
(ORGDP) which included extended testing with ®%Kr, 133xe, and 1311,
Removal efficiencies of greater than 99.99% for Xe, COz, I,, and
CH:1, greater than 99.9% for Kr and H;D and greater than 99% for NO;
and N;0 have been experimentally obtained. With a feed stream con-
taining 150 ppm of noble gas, a 97% noble gas product has been
achieved. In addition to demonstrating the required removal effi-
ciencies, the process has shown a remarkable tolerance for many of
the normally troublesome off-gas components and deces not rely upon
elaborate feed pre-treatment steps. Recent work has led to a major
#1ow scheme simplification, reducing the three-column process to

a single patented column. A third generation pilot plant facility
employing this new concept has successfully undergone initial testing

*This document is based on work performed at the Oak Ridge Gaseous
9iffusion Plant operated by Union Carbide Corporation under contract
W-705 eng 26 with the U. S. Department of Energy.
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this last year at ORGDP.

BACKGROUND

Throughout its history, the fluorocarben development effort has
addressed off-gas npplicntions in almost every aspect of the nuclear
fuel cycle. Stcinber; originally suggested using R-12 as a solvent
in a three-column process to selectively absorb Kr and Xe from the
gaseous wastes of a reprocessing plant in 1959. 1In 1366, a pilot
plant was constructed and a development effort was initiated at ORGDP
to establish the general feasibility of the fluorocarbon process. At
that time, the work was aimed at the development of a mobile proces-
sing system which could be transported to the site of a hypothetical
reactor within 24 hours of a fuel failure accident and recover the
noble gases and other volatile radionuclides released to the contain-
ment vessel. As envisioned, all of the recovery eguipment was to be
situated in a series of trailer trucks?. Unfortunately, with res-
pect to the Three Mile Island incident, this work did not proceed
past the conceptual design stage.

1970 the program emphasis shifted to the routine cleanup of
LWR offogasesa, and the fluorocarbon process was subsequently offered
commercially for LWR application”.

Based on the demonstrated operability and performance of the
ORGDP pilot plant, process safety considerations, and in particular,
the lack of any required feed pre-treatment, the fluorocarbon process
was adapted for reprocessirg plant applications inm 1971. A second
generation pilot plant facility was built at ORGDP in 1972 which
offrred greater flexibility and the more sophisticated analytical
equipment necessary for detailed component analysis®. This facility
demonstrated that in addition to providing Kr and Xe removal, the
fluorocarbon process could effectively be utilized to contain carbon-
14 as CO,, various nitrogen oxides, elemental and organic iodine, and
water. Rigorous process models and scale-up studies »¥ were com-
pleted to allow the confident design and optimization of a full-scale
facility. These works laid the groundwork for the construction of
the single column process in 1978.

The concept of the fluorocarbon process as a mobile emergency
reactor of f-gas decontamination system has recently been revived in
the wake of the Three Mile Island incident and is undergoing review
by responsible persons in the industry. It would be possible to have
a mobile unit ready for deployment within three to four years.




PROCESS BASIS

Fluorocarbon solvents have been identified as a valuable and
somewhat unique group of solvents unusually suited for separating a
number of industrially important components from various gas mix-
tures®»'0, Steinberg selected R-12 for noble gas removal primarily
because of its capacity, separation factor, and thermal and radi-
ation stability, as well as process safety and economic features’.
The physical properties of R-12 are well known. The basic thermo-
dynamic properties are detailed by Mr. Harness, et al.ll

*
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, ion coefficients for several of the off-gas components

of interest are shown in Figure 1. A substantial amount of equili-
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Figure 1
EQUILIBRIUM DISTRIBUTION COEFFICIENTS FOR
VARIOUS FEED GAS COMPONENTS IN R-12
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THREE-COLUMN SELECTIVE ABSORPTION PROCESS

OVERVIEW OF ORGDP THREE-COLUMN PILOT PLANT
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components such as H,0, I,, CH3I, or NO,, a solvent purificationm
still is available as an in-line option to prevent these materials
from accumulating in the recirculating solvent. A solvent recovery
system is necessary to remove solvent vapor from the process off-gas.
igure 3 is a photograph of the second generation ORGDP pilot plant.
tailed engineering drawings and descriptions of this facility are
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