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ABSTRACT

A multi-column step-gradient chromatography system has been
designed to perform automated sequential separations of radionu-
cl ides by ion exchange chromatography. The system consists of a
d ig i t a l programmer with automatic stream select ion valve, two per is -
t a l t i c pumps, ten columns, and a f rac t ion co l l ec to r . The automation
allows complicated separations of radionuclides to be made with
minimal analyst attention and allows for increased product iv i ty and
reduced cost of analyses. Results are reported for test separations
on mixtures of radionuclides by the system.

INTRODUCTION

Ion exchange chromatography is a valuable and commonly used
technique for ^he separation of transuranic radionuclides from each
other pr io r tr/ the i r determination by alpha spectroscopy. I t allows
for sequential separation of the radionuclides to be made which
resul ts in time and cost savings and improved detection l i m i t s .
Nearly 2000 determinations are performed annually on environmental
type samples in the Low-Level Radiochemical Analysis Group of the
Oak Ridge National Laboratory using ion exchange chromatography.

Various separation schemes using ion exchange chromatography have
previously been reported ( r e f . 1 and 2 ) . A typical separation
scheme is shown in Figure 1 . This scheme requires three d i f fe ren t
eluants to be passed through the column and the col lect ion of four
eluate f rac t ions . The e lu t ion sequence is shown graphical ly in
Figure 2. The eluant addit ions and eluate f ract ionat ions normally
require constant at tent ion from the analyst when processing mul t ip le
samples. Therefore automation of the separation process is desired
to improve personnel e f f ic iency and sample turnover rate. Improve-
ments in precision and qual i ty of the analysis are also expected
from a process that treats a l l samples in an ident ical manner.
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I OXIDATION STATE ADJUSTMENT

SAMPLE PLACED ON COLUMN*

ELUTION WITH 80 ml 8M HNO3

ELUTION WITH 20 ml 8M HNO3

ELUTION WITH 50 mi 9M HCI

ELUTION WITH 50 ml 0.5M HCI

-NON SORBED ELEMENTS

-URANIUM

• THORIUM

-NEPTUNIUM AND PLUTONIUM

* 15 cm L x 0.9 cm I.D.-COLUMN
DOWEX 1x4.100-200 mesh—RESIN

Fig. 1. Typical Senaration Scheme

9 M HCI 0.5 M HCI

Np & Pu

20 50 100 150

ELUENT VOLUME, mL

200

Fig. 2. Typical Elution Sequence



SYSTEM REQUIREMENTS

Ion exchange separations have some special character ist ics which
should be considered when designing an automated system. The system
should provide for the selection of mul t ip le eluants to be fed
through mult ip le columns simultaneously wi th f ract ionat ion of the
eluates from the columns. The system components which come in
contact wi th the acid solvents must be made of materials which
res i s t corrosion. The automation should require minimal analyst
i n te rac t i on , but be capable of manual override i f necessary. The
system should provide for consistent processing of samples from
column to column.

In add i t ion , the automation should be programmable and adaptable
to varying types of ion exchange separation schemes. Reasonable
cost and minimal space requirements are also desirable features. I t
i s preferred that the system be assembled from commercially avai la-
ble components in order to minimize engineering and construction
cost.

SYSTEM DESCRIPTION

The system consists of a d ig i ta l programmer with automatic stream
select ion valve (Glenco DP-810 programmer and SSV-6 va lve) , two
multi-channel pe r i s ta l t i c pumps (Gilson Minipuls 2 ) , ten columns
(Glenco 3400), and a ten-stream f ract ion co l lec tor (Brinkmann Linear
I I ) . I t is arranged for the automatic selection of up to six
eluants to be fed through the ten columns simultaneously wi th auto-
matic f ract ionat ion of the eluates from the columns. The flow of
the system is shown diagramatically in Figure 3.

The automatic stream selection valve allows for the select ion of
up to six eluants contained in 4 l i t e r polyethylene bo t t les . Tne
selected stream is fed to a specially-designed glass d is t r i bu t ion
manifold. The manifold is designed for even d is t r ibu t ion to ten
ports wi th minimal internal volume. A three-way connector valve is
located between the stream selection valve and the d is t r ibu t ion
manifold to allow for the easy purging of trapped a i r from the
system.

The ten streams froin the d is t r ibu t ion manifold are fed to the two
multi-channel p e r i s t a l l i c pumps which provide the same flow for a l l
columns. The pumps have an adjustable speed control for regulation
of the flow through the columns.

The columns are constructed of boros i l i ca te glass with polypropy-
lene co l lars and end pieces, have a 0.9 cm I .D . , and have a 15 cm
length. The upper end plates have side vent ports which have been
f i t t e d wi th a Teflon valve and a 10-cc syringe barrel for the i n t ro -
duction of the sample onto the columns. The sample is loaded onto
the column through th is port before turning on the pe r i s t a l t i c
pumps.
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Fig. 3. Flow Diagram

The columns are also f i t t e d with valves at the lower ends for manual
control of flow.

The ten-stream fract ion collector allows for automatic fractiona-
t ion of the various eluates of each of the ten columns and their
col lect ion in 25-mL glass test tubes. The fraction col lector is
stepped to a new row of tubes on a programmed time basis. The
dig i ta l programmer is used to control the stream selection valve
per is ta l t i c pumps, and the fract ion col lector . I t provides a simple
means of programming the system for varying separation schemes which
makes for a f lexib le yet easy to use system.



Al l plumbing of the system is made with 1/8 i n . Teflon tubing and
tubing connector-;. A l l system components which come in contact with
the acid solvents are made of materials which resist corrosion. The
ent i re system is assembled frGm commercially available components
except for the support rack. The total cost of a l l components is
less than $10K. The system is assembled to require only 1 meter of
bench space. The system's cost and space requirements are consider-
ably less than those for other systems designed for automated ion
exchange chromatography (ref . 3). A photo of the assembled system
is shown in Figure 4.

Fig. 4. Assembled System



SYSTEM EVALUATION

As a test of the system's effectiveness in raking ion exchange
separations, two test run> were made with the separation scheme
shown ear l ie r in Figure 1 . Ten syr.thetic controls were prepared for
each run containing 238,234^ 230Tn>

 237Np and 239Pu
at the ac t i v i t y levels shown in Table 1 . After oxidation state
adjustment, the ten control samples were loaded on the ten columns
and separated automatically by the system. Tracers of ?-3ZU,
234-[-nj 239^jp) and 242pu w e r e added to the appropriate
fract ions after they were separated by the system. The separated
fract ions were mounted on stainless steel discs and analyzed by
alpha spectroscopy. Adding the tracers af ter the separation process
allowed for the determination of the recovery of the nuclides from
the system and, therefore, the eff iciency of the separation process
alone. The results of the twenty samples analyzed in the two test
. uns are shown in Table 1 .

TABLE 1

Analysis of Synthetic Samples Test Results

Nuclide Ac t i v i t y , Bq Recovery, % RSD %

U 0.16
Th 0.11
Np 0.15
Pu 0.12

The results of the test runs show the system achieved good separ-
ations and good precision between the ten columns and the two runs.
The recoveries achieved are adequate for most purposes. However,
with adjustments in eluant and eluate volumes for the fractions, it
is believed the recoveries can be improved.

CONCLUSION

A multi-column step-gradient chromatography system has been
assembled in the radiochemical laboratory and has proven to be
effective in the automatic sequential separation of uranium,
thorium, neptunium and plutonium by ion exchange chromatography.

Preliminary results for test separations on mixtures of radionu-
clides show good separation and precision with reasonable recover-
ies. The system was assembled at moderate cost from commercially
available components and meets the design requirements for ion
exchange separations. The automation allows complicated separations
of radionuclides to be made with minimal analyst attention and
allows for increased productivity and reduced cost of analyses.
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