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ABSTRACT

A chelsting ion-exchange method was devised for the quentitative
extraction of cobalt from relatively large volumes of seawater. This
method was needed for the atudy of seawater corrosion of cobalt-based
SNAP-fuel encapsulant alloys. The method consists in pessing the
acidified seawater sample through a column of Chelex-100 ion-exchange
resin, then eluting the cobalt from the column with 4N hydrochloriec
acid.
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SUMMARY

Problem

The purpose of this investigation was to develop a rapid and
simple method for the concentration of cobalt from seawater. The
method was needed for a study of the corrosion of cobalt-based,
SNAP-fuel encapsulant alloys in seawster.

Findings

An ion exchange method was develcped for the concentration of
cobalt from seawater. The method consisted of passing seawater,
ad Jueted to pH 5.5, through a column of Chelex-100 ion exchange resin.

Retention of cobalt on the colwun was quantitative for freshly
prepared cobalt-in-seawater solutions. A small leakage of cobalt
through the column, from 1 to 3 percent, was observed when the
seawvater solution containing cobalt was allowed to stand for extended
periods of time. This was bellieved Lo result from the formation of
a robelt complex, probably with cobalt in the +3 oxidation state,

i e s s e I
I'ne sasoroved cuvali was guaniitatively eluted fyom the

wi.h 4N hydrochloric acid.
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INTRODUCTION

A procedure was develcped for the rapid and quantitetive extraction
of cobalt frum relatively large volumes of seawater. This procedure was
used as the initial, concentrating step in an analytical method for the
determination of the corrosion rate in seavater of a cobalt-based alloy
used to encase radiocactive fuels in SNAP (Systems for Nuclear Auxiliary
Powe.,; units.

Background

Corrosion-resistant materials are used for encasing radionuclide
fuels to prevent the leakage of radioactive materials in & corrosive
environment. Several types of fuels with half-lives as long as one
hundred years are being considered {or “NAP units. A likely environment
in which these units might be piaced by design or accidentally !s the
ocean. To prevent the release of toxic radionuclide activities to this
environment would require that the fuel container maintain its integrity
for several hundrcd years.

Predicting the lon:-tern corrosion-resistance of a suitable ccontainer
material requires ni-nly accurate short-term measuremcnt of its corrosion
rate. One commonly used mcasurement method, differential weighing, has
proved generally unsatisfactory because it is difficuit to detect the
extremely small weight .oss due to corrcsicn of the specimen (as low as
0.0 ug/em=-year). The difficulty is compounded by the accumulation cf
organic and/cr other matter that makes necessary Borusiv: cleaning of
the sample before final rewveighing; such treatment may remove some of
the surface.

A more sensitive approach for the determination of the corrosion
rates of the pessive alloys is being evalusted at this laboratory. The
rate of corrosion of a cobalt-tased slloy was calculated from the rate
at which cobalt was leached into the seewater under laboratory conditlors.
The present rcpert describes that portion of the pi1.cedure concerned
with the extraction of cobalt from seawater.

Extracticn of Cobalt from Seawater

Several excellent methods for the extraction of cobalt from seawater
ae in the literature. Weiss and Reedl isolated cobalt from seawater by
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co-crystallization with & ~nitroso-B-naphthol. Rona, et al,2 removed
cobalt by co-precip! +-'um on ferric hydroxide, with a recovery factor
of 90 %. Morc recently, Carritt3 used an ion-exchange column for ex-
tracting cobalt from scawater. The column material was a8 Dowex 1-X12,
100-200 mesh resin converted to the dithizore form by treatment with
aqueous ammoniacal dithizone.

A disadvantage of the former two methods i1s the relatively large
number of manipulative steps required to extract the cobalt from sea-
vater. The third method requires preparation of a column c¢f resin in the
dishizone form, which has a 1limited shelf-life at ordinary laboratory
temperatures.

The present method, which does not have the above disadvantages, was
made possible by the availability of a new chelating resin, Chelex-100
(a processed form of Dowex Chelating Resin A-1),

"
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vhich has an unusually high preference for copper, cobselt send other
heavy metals over such cations as sodium, potassium, magnesium and cal -
cium.® Consistent with general principles of chelation, the chelate
formation in the resin phase depermds upon the pH in that phase.

The apprexinmale sider ol selectivity for cations in chloride media

is:
+
s st s o3 s

o}
Fe+2 > Mn+2 > Ba+2 > Ca+“ > Na+l.h

e > Zn+2 > Ag+l > Fo+2 > Cd+2 >

The method is rapid and simple. It requires only the passage of
the geavater semple at pH 5.5-6 through the column of resin and the sub-
seqent elution of cobalt with 4N hydrochloric acid.

A study wvas conducted concurrently by other investigators* of this
Laboratory to determine the feasibility of concentrating trace elements

#C. M. Callahan et al., "The Concentration of Trace Elements From Sea-
vater by Ion Exchange." U. S. Naval Radiological Defense Laboratorv,
USNRIL.-TR- (in preparation).




found in seawater by ion exchange. Cobalt was found to be quantitatively

concentrated on Chelex 100, if present ac CoéII). In their studies, an
effort was made to maintain cobalt in the Co(II) state in seawster.

EXPERIMENTAL

Materials

1. Cobalt tracer: The cobalt-60 tracer was obtained from Oak Ridge
National Laboratory. The tracer contained a small amount of carrier
(46 pe Co-60/pg Co-59 carrier). The absence of other gamma-emitting
radionuclides was established by gamma-ray pulse-height analysis.

2. Resin: 50-100 mesh Chelex-100, a chelating ion-exchange resin,
produced by Bio-Rad Laboratories, Richmond, Caiifornia.

3. Seawater: Natural Pacific Coast seawater, salinity ~'35°/oo:
filtered through a 0.45-p membrane filter (Millipore) just prior to use.

Apparatus

l. Ton Exchange Column: The ion exchange column consisted of an
easily disconnectable 3-section pyrex tube, 15 cm long X 2.2 cm 1.d.,
closed at both ends by stopcocks (Fig. 1). The column was filled to an
initial heigh% of approximately 7.6 cm with a water slurry of approxi-
mately 12.5 g water-washed Chelex-100 resin. The column wes further
washea vy passing throngh it 0.5 L of natursl seawater. The washing
caused the resin column to shrink to aucut half its original length
(to ~ 3.8 cm) and lowered the resin pH to approximateiy 8. A glass wool
plug was placed on top of the Chelex-100 to prevent erosion of the recsin
bed during sample acdition.

2. Well Scintillation Counter System: 3 x 3-in. NaI(Tﬂ) crystal
mounted on an NRDL-designed preamplifier and encesed in & lead shield
of 2-in. overall thickness. The power supply was a John Fluke Model
405; the scaler-timer was a Systron Model 1099-1.

3. Pulse Height Analyzer System: 3 x 3-in. cylindrical NaI(T1)
crystal mounted on a modified Technical Measurement Corporation {TMC)
preamplifier and encased in u 1ead shield of 2-in oversll thickness.
The analyzer was a TMC 400-channel analyzer, Model 40Lb-6. Power supply
wvas a John Fluke Model 405.
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Procedure

Cobalt-60 tracer was aaded to freshly filtered natural seawater.
The seavaier was then acidified to pH ~. 2 with concentrated hydrochloric
acid (1 ml HCl/{ seawater), to facilitate exchange of tracer with inac-
tive cobalt in the seawater.

The pH of the seawater was adjusted to about 5.5-6 with 6N sodium
hydroxide, after which the solution was passed through the column. The
flow rate was controlled at ~ 8 ml/cme-min. Then thke column was rinsed
with 50 ml distilled water, and the cobalt was eluted with 100 ml LN
hydrochloric acid. The acid effluent was ccilected and evaporated to a
suitable volume for subsequent analycis.

PROCEDURE DEVELOPMENT

In the development of this procedure for the extraction of cobalt
from seavater, various column and sample parameters were studied: the
effect of pH on sorption, the effect of flow rate on column efficiency,
the effect of sample age on the effectiveness of the extraction procedure,
the capacity of the column for extracting cobalt from seawater, and the
determination of the optimum acid concentration for the eluting azent.

Effect of pH on Sorption

In an attempt to determine the effect of seawater pH on sorption of
cobalt ty the Chelex-100 resins, seawater samples (1 1) of verying pH
vere passed throuzh the column at & flow rste of 8 mi/cm@-min.

The results (Table 1) showed that the percentapge of Co extracted
from seawater bv the resin was a function of pH: Very low below pH 3,
increasing sharply from pH 3 to pH 4, and maximum {ro pH 4 to pH 6. A
slight loss occurred at pH4 above 7, probably caused by the formation of
CoOOH, which was incapable of chelating with the recin.?

Flow Rates

A series of experiments was conducted to evaluate the effect of
flow rate on column efficiency. The sample sclution (1 4) was adjusted
to pH 5.7 and passed through the column at flow rates ranging from 8 to
29 ml/cm2-min.

WA




TABLE 1

Effect of pH on Seawater Samples

PH Sorption

(%)

2.0 0
3.0 23.1
k.0 100
5.0 100
6.0 100
7.0 99.8
7.8 97.8

TAHBLE 2

Effect of ¥low Rates

Flow Rate Break-through
(ml/cme-min) (%)
8.0 0
12.0 0
13.0 0
14.5 0
15.8 0.3
18.4 0.b
21.6 0.6
29.0 2.8
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The results (Table 2) indicated that quantitative retention of
cobalt on the column was obtained with fiow rates belcow 14 mi/cm?-min.
However for the remainder of the experiments a very conservative flow
rate of 8 ml/cm2-min was used. For the column used (2.2 cm 2ia), thic
was equivalent to a flow rate of 2 4/hr.

Age of Samples

Samuelsox.h reported that at low coacentrations, uptake of certain
elements by ion exchange resins has been quantitative with fresh solu-
tions but only semi-quantitative with aged solutions. The explanation
was that in aged dilute solutions, the ions were hydrolyzed irreversibly,
i.e., colloidal basic salts were formed.

Since the cobalt concentration in the sample solutions was expected
to be very low, cobalt uptake was studied as a fungtion of solution age.
Two sets of samples were run: 1In the first set Co"™ tracer was added to
natural seawater {pH ~ 8), and in the second set CotQ tracer was added
to seawater, which was then immediately acidified to pH ~ 2 with HCI.

TABLE 3

Uptake of Co Ions From Seaweter of Different Age

v sammema

F—
_—

Age of Uptake (%)*

Solution Natural Acldified
Seawater Seawater

Fresh 100 100

2 hours 100 100

T days 99.0 120

15 days 98.% 100

30 days 98.3 100

177 days 7.5 100

*Each samp e (1 {) was adjusted to pH 5.5 Jjust
prior to column adsorption. Flow rate was
sntrolled at 8 ml/em?-min.

For the natural seawater solution there was a decrease (‘mble 3)
in the uptake by the resin after a few days. However this decrease wasg
small - 1 % efter a weex, 2 % after 30 days, end less than 3 % st the
enrd of 6 months. The losc in uptake was probably due tc the formaticon
of CoOCH in the ared solution. This reactiorn was irreversible even w.ien
the solution was later acidified with HCl to pH 1. It may be noted that




Callahan* Lies recently found that this complex, in which cobalt is
believed to be in the Co(IIXI) state, can be reduced to the Co(II) state
which is quantitstively retained by the resin. For the corrosion stucy
of metals it was not necessary to proceed with this additional reduction
step since samples were collected and analyzed at biweekly intervals and
errors in the order of 1-2 % could be tolerated.

For the acidified seawater sample quantitative uptake was obtained
during the ertire test. Formation of ron-complexed species was prevented
by the initial acidification.

Colunn Capacity

The total capacity ¢f Chelex-100 in the scvdium form, i.e., the num-
ber c¢? exchange groups in the resin, was reported to bz 0.8 meq/ml.'
Since the concentration of cobalt in the seawater used in the corrosion
experiments was expected to be very low, a resin column of 3.8 cm length
X 2.2 cm dia theoretieally should have been capable of retaining all
cobait from many hundreds of liters of seawater. This would be the case
i1f seawster contalned no other interacting ions except cobalt. Howev_r
seevaeter is a very complex solution containing many other ionized species,
of which some might adsorb on the resin column and reduce its capacity
to retain cobalt. Consequently the actual capacity of the column for cc-
balt was determined experimentally. The seawater volume for the experi-
ment was 1imited to 20 4 since this was the maximum volume of the samples
to te used in the corrosion tests. Flow rates for the experiment were
controlled st ~ & ml/cme-min, and the solution pH was adjusted to 5.5.

The result of passing 20 4 of CoGo-tagged seawater through the
column showed that ccbalt was quantitatively retained at this sample
volume.,

Elution From Column

Hydrochloric acid was used for the elution of Co from the column.
Studies were conducted to determine the optimum HCl concentration that
should be used.

The results (Fig. 2) indicated that increasing the acid concentration
up to UN increased the elution rate. However, at still higher acid con-
centrations the elution rate decreased. This was probably é..2 to the
shrinkage of the resin at these high acid concentrations, which resulted
in a diminished diffusion velocity of the ions through the network struc-
ture of the resin, and consequently a lowered rate of elution. Four-
normal HCl was therefore chosen as the eluting agent.

#*C. M. Cnllahan, et al., "The Concentration of ‘frace Flemenis From Sea-
water by Ion Exchange." U. S. Naval Radiological Defense Laboratory,
USNRDL-TR- (in preparation).
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