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RECOVERY OF URANIUM USING

_CONTINUQUS COUNTERCURRENT ION EXCHANGE (CCIX™)
Joseph C. Milbourne' and [rwin R. Higgins’

'"Tetra Technologies, Inc.
25025 1-45 North
The Woodlands, Texas 77380
and
*Tetra Technologies, Inc.
140 Mitchell Road
Oak Ridge, Tennessee 37830

Abstract

Tetra Technologies' CCIX™ (continuous countercurrent ion exchange) system has been involved
in a wide range of uranium concentration, separation and purification applications over the past
40 years. Uranium ion exchange applications have ranged from the treatment of copper heap
leach solution containing 5 parts per million of uranium to the treatment of high strength sulfuric
acid solutions containing several thousand parts per million of uranium. The flexibility and the
countercurrent mode of operation and other unique features of the CCIX™ have resulted in suc-
cessful uranium recovery from these solutions and many others.

Separation Processes: Heavy Metals, Tons and Minerals
Edited by M. Misra
The Minerals, Metals & Materials Society, 1994
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Introduction

The recovery, purification and separation of uranium from solution using ion exchange resin is
well known. Uranium is particularly well suited for processing and recovery using ion exchange
due to resin's high selectivity for uranium. Uranium forms a wide range of naturally occurring
species' and can be recovered as either an anion or cation. The selection of the proper ion ex-
change process depends on the nature of the uranium solution to be treated and the desired form
of the concentrated uranium.

Background

Uranium recovery and purification technology using ion exchange has evolved considerably from
its beginning in the nuclear era of the mid 1940's through the 50's, 60's and 70's when domestic
uranium production peaked. However, the decline in the domestic production of uranium in the
1980's has left a void in the development of new ion exchange technology for the recovery of
uranium. Tetra Technologies' CCIX™ (Continuous Countercurrent Ion Exchange) system was
developed in the early days of uranium recovery and has evolved considerably since that time.
This paper will review the unique features of the CCIX™ system and will describe some of the
uranium recovery applications where CCIX™ has been applied.

Continuous Countercurrent Ion Exchange (CCIX™)

The selection of ion exchange equipment to be used for uranium recovery is as important as the
type of resin selected. Continuous countercurrent ion exchange or CCIX™, has significant
advantages over conventional fixed bed ion exchange systems.

These advantages include: more efficient utilization of resin due to the packed bed counter current
configuration; stronger product streams; and less waste solution due to the intrinsic efficiency of
displacement rinsing between loop sections. Additionally, the CCIX™ system allows greater
flexibility in treating high ionic strength solutions due to the ease of resin transfer.

The Higgins Loop Countercurrent fon Exchange System (CCIX™) consists of a packed bed of ion
exchange resin in a closed loop made up of reacting sections which are separated by butterfly
valves. These butterfly valves are fitted with special "wiping” edges that prevent the crushing of
resin as the valve closes. Both the loading and regeneration reactions are performed simulta-
neously in the loop. A schematic of a CCIX™ contactor is shown in Figure 1.
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Figure 1 - Schematic Drawing of a CCIX™ showing the various operating sections

Operation of CCIX™

The CCIX™ system operates in a counter current mode so that in the loading section of the
vessel, feed solution firstly contacts the most highly loaded resin as the feed enters the loading
chamber. As the feed passes through the load section it contacts resin that is less and less loaded.
Finally, the treated solution exits the loading zone through screened collectors. This countercur-
rent mode of operation results in maximum resin capacity utilization.

The countercurrent operation in the regeneration section of the vessel allows strong regenerant to
contact the least loaded resin first and thereby insures efficient regeneration. As the regenerant
passes through the regeneration section of the vessel, it contacts more and more highly loaded
resin so that when the regenerant exits the vessel through screened collectors it is in contact with
the most highly loaded resin. Regeneration is often accomplished by using a void volume dis-
placement. The normal operating configuration of the CCIX™ unit is shown in Figure 2.
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Figure 2 - CCIX™ in the Normal Qperating Mode

A major source of excess waste volume generated by conventional fixed bed ion exchange sys-
tems is rinse solution. In fixed bed systems, rinsing requires several bed volume displacements.
As a result, large volumes of waste solutions are generated. In contrast, CCIX™ accomplishes
rinsing between loop sections by void volume displacement. The amount of rinse is controlled by
means of a conductivity probe located between the regeneration and loading sections of the loop.
Rinse solution pushes the regenmerant down to a position at the conductivity probe. This very
efficient rinsing is also aided by the solution density difference between rinse and regenerant
solutions.

Feed solution is treated in the load section for a predetermined period normally 3 - 5 minutes.
After this time, the feed to the loading section is momentarily diverted from the system and resin
is transferred. A hydraulic pulse of solution causes loaded resin to move from the loading section
to the regeneration and back washing section and fresh regenerated resin to move from the
regeneration section to the loading section. This entire operation normally takes 30 - 45 seconds
to complete, Figure 3 shows the position of the various valves during the resin transfer mode.



Figure 3 - CCIX™ in the Resin Transfer Mode

After the resin transfer operation is completed, the loop is returned to the normal service mode
and both feed and regenerant are reintroduced to the loop. The frequent cycling and back wash-
ing of resin allows the CCIX™ to tolerate small quantities of solids in the feed. These solids as
well as broken resin beads are backwashed out of the system during every transfer cycle.

Uranium Recovery Applications Using Ton Exchange
Ton Exchange for uranium recovery from fission products (1946 - 1949)

Prior to the development of strong base resins in the late 1940's, spent reactor fuel elements were
leached with strong nitric acid to form solutions containing fission products and uranium. These
solutions were then treated using sulfonated phenolic cation exchange resins, first introduced by
Rohm & Haas as IR-100, to adsorb the fission products and uranium. Later, other resin manu-
facturers introduced phenolic cation resins (Permutit Zeo-Karb 315; Duolite C-3 , Dow's Dowex
30 Farbenfabriken Bayer's Lewatit KS). Selective recovery of the fission products and uranium
was achieved by using a selective elution technique first developed at Oak Ridge National Labo-
ratory (ORNL) and later described by Spedding’ in his detailed work in the separation of rare

earths.
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Although many elements in the nitric acid solution exhibited similar affinities for the resin, each
element had a unique affinity for the complexing agent used to elute the resin. This feature
allowed the use of cation resin for the separation of uranium from fission products. Uranium was
selectively eluted from loaded phenolic resin using a mixture of citric acid and ammonium citrate
at carefully controlled pH. Other fission products were eluted by varying the pH and strength of
the citric acid.

Various complexing agents in addition to citrate have been evaluated for this type of elution in-
cluding; EDTA, tartic acid, lactic acid, sulphosalicylic acid, ethyl acetoacetate and acetyl ace-
tone. Spedding's work on rare earth separation™ illustrates the use of these complexing agents.

After the introduction of Dowex 50, a strong acid sulfonated styrene divinylbenzene cation resin
in late 1949, the final elution of fission products was achievable using nitric acid.

Homogenous Reactor Processing (1953)

The Homogenous Reactor was a chemist's delight. Enriched uranium sulfate was dissolved in
deuterium oxide (heavy water). The fuel, the moderator, and the heat exchange media were ho-
mogenous. Operation of the reactor required that after one day's operation, 20 % of the fuel was
to be removed from the reactor and allowed to cool for one day. The fission products decayed
rapidly after one day and were recovered using cation exchange resin. Removal of the fission
products was necessary because of their high neutron cross sectional area which retards the
fission reaction. Neutron adsorbing xenon-135, a nobel gas, was also bled off and recovered on
activated carbon.

Cation exchange resin worked well to remove most of the fission products, rare earths, barium,
strontium and cesium. This work revealed the ion exchange behavior of metals not previously
encountered. The work also prompted the development of the CCIX™ in an attempt to minimize
radiation damage to the ion exchange resin. The highly radioactive fission products severed the
sulfonate and amine groups from the polymeric backbone of the tesin resulting in loss of capacity.

The project was short lived due to many factors including the safety hazards associated with
mobil highly radioactive fission products in the liquid phase and the relatively low operating
temperature of the reactor,

The Wet Method for Conversion of Uranyl Nitrate to Uranyl Fluoride (1951)

The first application of CCIX™, invented in 1951 and later patented in 1957°, involved the cation
conversion of uranyl nitrate, UQ,(NO,), to urany! fluoride, UO,F,; using Dowex 50, 50 X 100
mesh, 12 % cross linking. The wet method was designed to be an-alternative to the dry process.
The dry process involved roasting enriched uranyl nitrate to form UQ, and then fluorinated the
UQ, with anhydrous HF in an Inconel reactor to form UF,. The wet method involved adsorption
of the uranyl cation, UO,*?, on strong base styrene divinylbenzene resin and then eluting the
loaded resin with hydrofluoric acid. The adsorption and elution reactions are as follows:

Adsorption:

UO,(NO,), + 2RH — R,UO, + 2HNO, (0



Elution:
R,UQ, + 2HF — 2RH + UQ,F, 2)
Where R represents the resin.

The pregnant eluant containing UO,F, could then be converted to UF, slurry in an electrolytic cell
with a mercury cathode and a platinum anode. The high purity UF, would become feed material
to the gaseous diffusion plant or feed stock to make fuel. The wet process produced a purer UF,
product than the dry process due to slight corrosion of the Inconel reactor in the dry process.

Treatment of Bomb Liner Scrap (1952)

Shortly after the development of the first strong base anion exchange resins, Rohm & Haas' IRA
400, Dow's Dowex 1, Permuitit's De-Acidite-FF and Farbenfabriken Bayer's Lewatit M-2, one
of the most important discoveries in the extraction of uranium was made: uranium formed stable
anionic complexes that exhibited a high selectivity for anion exchange resin.

The first use of CCIX™ and strong base resin was in the treatment of the bomb liner scrap. As a
point of clarification, bomb liner refers to the reduction apparatus by which uranium metal was
made, not the residue from the manufacture of thermonuclear bombs, Uranium metal was
manufactured by combining UF, and magnesium metal in a magnesium oxide-lined steel reduction
"bomb" ¢. An external heat source was applied to initiate the reaction and uranium metal was
formed by the following exothermic reaction:

UF, + 2 Mg® = U° + MgF, 3)

Following the reaction, an ingot of pure uranium metal was formed in the bottom of the bomb.
The magnesium fluoride residue, containing small amounts of uranium, is referred to as bomb
liner scrap.

The first treatment process for the recovery of uranium from bomb liner scrap involved the disso-
lution of the scrap in carbonate leach using potassium permanganate as an oxidant. The resulting
uranyl tricarbonate anion, UO,(CO,),*, was recovered using strong base ion exchange resin. The
adsorption reaction can be described as:

Adsorption:
U0,(CO,),* + 4RNO, — R,UO,(CO,), + 4 NO; “)

The uranium loaded resin was eluted using a mixture of ammonium nitrate and nitric acid. The
elution reaction can be described as :

Elution:
R,UO,(CO,), + 4 NO, = UO,(CO,),* + 4RNO, )

Where R represents the resin.

The pregnant eluate was then acidified with nitric acid, and treated with ammonia to precipitate
ammonium diuranate.



