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If Pb is separated from zircons containing < 5 ppm Pb by a single pass through an jon-exchange colzmn, other
4, substanees following Pb may suppress and render unstable the emission of Pb ions. This problem can be overcome by

i

it

Milshisicient purity to give strong stable ion beams after

4

- The Pb content of late Cretaceous-early Ter-

ﬁ»‘ry zircons is typically 1-5 ppm. Although *

‘mificient mineral can be purified to yield 100~
} o) ng Pb without undue difficulty (alarge pro-
‘portion of zircons of this age are diamagnetic)
it has been my experience that separation of Pb
with HBr using a single 0.2-ml ion-exchange
¢olumn yields a large residue of inorganic ma-
ferial that suppresses the ionization of Pb by a
factor between 100 and 1000, Whether other
laboratories have experienced this problem is
not clear from the analytical techniques they
report, but it is generally accepted that, when-
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are slow, taking 8-12 hr. to reach equilibrium, and alth

adsorbing Pb as the PbBr?,” iononto a single bead of macroporous resin weighing ~ 300 pg. Although the kinetics
ough the low solubility of Zr salts and Kp-values between 500
‘and 800 in 0.6 M HBr lead to recoveries between 50% and 60%, the procedure justifies itself by producing Pb of
a single separation. Insofar as minimal quantities of reagents
&;y'e required, the procedure has the potential of yielding very small blanks.

ever Pb is present in low concentration withre-
spect to a matrix, two passes through an ion-
exchange column are needed to obtain Pb of
sufficient purity for precise isotopic analysis.
Thus Tera and Wasserburg (1975) used anion
and cation columns of 0.15-ml capacity to sep-
arate Pb from various lunar materials, Chen et
al. (1986) used a 1-ml column foliowed by an
0.1-ml column to separate Pb from seawater
containing 20-66 ppb Ph. Gopel et al. (1985)
found it necessary to pass 5-10'g of FeNi me-
teorite containing 20-100 ppb Pb through a 1-
ml column followed by three passes through an
0.01-ml column. As an alternative to multicol-
umn techniques, which can only add to the
blank, I present here a method whereby Pb is
adsorbed onto a single ion-exchange bead. Al-
though developed primarily for zircon chemis-
try, it may be used wherever small amounts of
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Ph are to be separated from large amounts of
matrix.

A single-bead ion-exchange technique differs
from an elution technique in that a bead is
stirred in the solution containing the ion to be
extracted until equilibrium is attained. The fi-
nal amount of the ion on the bead is then gov-
erned by the mass of the bead, My, the mass of
the liquid, My, and the distribution coefficient,
K. The efficiency of the extraction may be ex-
pressed as the ratio of the ions bound to the

~-head;Ig, to those initially present in the liquid, -
"I The exact relationship is:

In/I = (1 + My /KpMy)~!

Some ions like that formed by Pu in HNO,
have Kp-values of the order of 10 and are al-
most totally adsorbed by ion-exchange beads,
permitting a cheap and convenient means of
storing and shipping radiocactive products
(Walker et al., 1974; Smith et al., 1982). In an-
other application, Koide et al. (1984) reported
quantitative extractions onto a single bead of
several trace metals from 1 ml of seawater. In
their work, however, K, was increased by using
cyanide or thiocyanide as complexing agents.

The extraction of Pb from zircon by a single
bead has several attractive aspects.

(1) A resin such as Dowex®1X8 can bind
one-third its weight of Pb. Thus all the 10100
ng of Ph necessary for an isotopie analysis can,
at least in principle, be held by a bead weighing

< lug

(2) By using the smallest practical volume of
resin, retention of weakly bound or occluded in-
terfering ionic species is minimised.

{3) The volumes of reagents are those nec-
essary to dissolve the Zr salts, the bead itself,
and the volume of water into which the Pb is
back-extracted. Thus the reagent blank can be
kept to the smallest possible size.

{4) A miniature stirring apparatus is no more
difficult to handle and clean than is a miniature
ion-exchange column.

The method, however, has the imitation that
the mass of the liquid depends on the rather low

solubility of the salts formed by the decompgg;,

tion of zircon in HF. To compensate for this,
Kp must be large, which excludes use of HQ|
media in which the maximum Ky-value for the
complex Pb ion is ~ 30 (Kraus and Nelson,
1956). In 0.5 M HBr, K, is ~ 821 (Streiow
1978), suggesting the feasibility of using a gjp.

gle resin bead to extract Pb from zircon, Exper.

iments were, therefore, conducted to measupe
Kp, the recovery of Pb, and the blank, and ajgq
to investigate the factors affecting attainmeny

-of equilibrium. The approach closely foiiows

‘that of Koide et al. (1984).
2. Experimental

A standard solution was prepared from SRM
981 (National Bureau of Standards, Washing.
ton, D.C.),

Deionized H,0 and doubly distilled HBr were
the only reagents used. Both had Pb contents
of < 10 pg mi~'. All Pb concentration mea-
surements were made by stable-isotope dilu-
tion using a ***Pb spike and 30-cm-radius mass
spectrometers. The loading blank associated
with the silica gel-phosphoric acid emitter was
16 pg Pb.

For the reasons of strength, density and
opacity given by Koide et al. (1984}, single
beads of a macroporous resin, Amberlite®IRA-
900 (Sigma Chemical Corporation }, were used.
The resin, 16-50 mesh, was passed through a
20-mesh polypropylene screen, and the coarse

fraction was retained. The resin was cleaned by

repeated overnight washings in doubly distilled
6 M HC}, followed by a wash in deionized water,
before being dried at 80°C. In some experi-
ments, Dowex® X8, 200-400 mesh was used
because of its more rapid attainment of equilib-
rium. Beads and liquids were stirred magneti-
cally in either 3- or 7-ml screw-cap Teflon® PFA
jars {Savillex Corporation) on a specially con-
structed apparatus using a 6-V variable-speed
DC motor. Teflon®-coated stirring bars, 2 X 7
mm or 3 X 10 mm were used (Cole-Parmer

Inc.). Care must be taken with the smaller bars
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use the Teflon® coating on them has a
rendency to split. Dry beads were handled with
& poir of stainless-steel tweezers, but a hooked
piece of 0.5-mm Pt wire mounted in a holder
was used 0 retrieve the beads from the liquid.
A macroporous resin like Amberlite® IRA 900
much slower kinetics than a gel-type resin
tike Dowex® X8, and Koide et al. (1984) have
shown that 16-20-mesh beads require 12 hr. to
sttain equilibrium. This presented a problem in
Texas, U.S.A., where this work was begun, be-
cause the cooling system of the building was
shut off overnight and a significant amount of
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¢riractions were evaporated by the heat of the
fizring motor and condensed on the walls of
ke Teflon® jars, resulting in a change in
girength and volume of the acid. To avoid this
problem, most extractions were carried out over
gn 8-hr. period, at which point the data of Koide
ebal. (1984, fig. 3) indicate that 96% of the final
Sersttibeium distribution will be attained. The
sdiittibution coefficient measured in this way
e referred to as the “8-hr. Kp” value.

Y
{

§i1: Ky, vs. HBr concentration

i

i Although it has been known for many years
‘that Ky for Pb in HBr peaks somewhere be-
‘tween 0.5 and 1.0 M (Andersen and Knutsen,

11962), the only detailed measurement of Ky, and
{s variation with acid strength appears to be
that of Strelow (1978) who stated that Kp peaks
at 0.5 M HBr, but this fact is not obvious from
i his data owing to the rather wide interval be-
| tween acid strengths he chose. In order to find
the acid strength at which it peaks, Ky was
measured at increments of 0.1 in molarity in
the range 0.3 to 1.0 M by stirring for 2hr. 10 mg
of Dowex® 1X8, 200-400 mesh in 3 m! of acid
containing initially 10 ug Pb. A 200-u} aliquot
of the solution was withdrawn, its Pb content
measured, and Kp calculated. The regults are
shown in Fig. 1 and show a surprising amount
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Fig. 1. Distribution coefficient, Kp, of Pb between anion-

g el quantities of Tiquid used in single-bea R exchange resinand HBr as a function of HBr molarity [open

ciroles .= Dowex®1X8, 200-400 mesh; closed circles = ... R

Amberlite® IRA 900, 16-20 mesh; crosses = data of Stre-
low (1978} ].

of scatter considering that Pb concentrations
were measured by isotope dilution and that
Dowex® IX8, 200-400 mesh, was used in this
experiment because of its rapid kinetics and the
averaging effect of many resin beads. The rea-
son for this scatter is not understood, unless in
this batch of resin large differences in cross-
linking existed, but the results are similar to
those of Strelow (1978), who used approxi-
mately the same Pb concentration (4 ugml™ H.
The experiment was then repeated using Am-
berlite® IRA-900, 16-20 mesh, stirred for 12 hr,,
and essentially the same result was obtained
(Fig.1). In all the following experiments, 0.6 M
HBr was used because at this strength the high-
ast values of Ky, were measured.

3.9. Effect of hydration and bead size

In this experiment beads of different weights
were taken and the apparent Kp-value was
measured after 6 hr. of stirring when, according
to Koide et al. (1984), ~ 90% of equilibrium
should be attained. Differencesin the “6-hr. Kp”
value should then give an indication as to the
effect of bead size on kinetics. The experiment
was then repeated to check the reproducibility
of the measurements.
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{open circles = measurements performed on dry beads;
closed circles = repeat measurements performed on the
same, but now hydrated, beads).

The dry resin beads were weighed on a mi-
crobalance and transferred to a 3-m} serew-cap
jar containing 200 zl of 0.6 M HBr with an ini-
tial Pb content of 500 ng. After stirring, the bead

. was removed and the Pb content of the acid was

measured. Pb was back-extracted from the bead
by stirring for 8 hr. in 200 ul of water. The ex-

periment was repeated using the hydrated bead. _

The results are shown in Fig. 2. ‘

It is seen that: (1) the “6-hr. Ky, value of the
dry bead is always less than that of the hy-
drated bead; (2) halving the weight of the bead
increases the “6-hr. K),” value by an average of
30% in both the dry and hydrated beads: and
(3) the projected Kp-value of beads weighing
~ 300 ug, i.e. “6-hr. Kp"'/0.9, is 829, implying
that the smallest bead weighing 217 ug with a
“8-hr. Ky value of 824 attained equilibrium in
6 hr.

Once beads are hydrated, the Kp-values can
be duplicated to within + 5%.

3.8. Ky, vs. Pb concentration

The “8-hr. K;,"" values of hydrated beads with
dry weights between 300 and 350 ug were mea-
sured in solutions of 0.6 M HBr with initial Pb
concentrations between 0.05 and 100 g ml !
and were found to increase from 560 to 1000
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- Fig. 8. Distribution coefficient as measured after 8 hr,,*
“hr, Kp”, as a function of the initial concentration of Ph in

0.6 M HBxr.

from 0.05 to ~ 16 ug ml~! and then increase
very rapidly to 4000 at 100 ug m1~* Pb (Fig. 3).
For most zircon work concentrations between
0.2 and 2 yg ml~* may be expected, leading tb
Kp,-values between 600 and 800.

3.4. Rate of uptake of Pb

The “8-hr. Kp” values of hydrated beads

whose dry weights varied between 300 and 350
g were measured in duplicate, then the beads
were stirred for various lengths of time up to 8
hr. and the apparent Ky,-values were measured.
The uptake expressed as the ratio of the appar-
ent Ky, to “8-hr, Ky is shown in Fig. 4. After 6
hr. the uptake is more than 80% of that at 8 hr.

3.5. Recovery from zircon

To test the technique on a real sample, an
Archean metamict zircon from a pegmatite was

Recovery

Q 2 4 5] B8
Extraction Time (Hours)

Fig. 4. Percent recovery of Pb from 0.6 M HBr as a function
of extraction time.
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TABLE 1
Recovery of Ph from solutions of zircon (20 mgin 100 ul) with different Pb contents
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Weight of bead  Kn Ph; Py, Kb Pby Recovery  Unrecovered Ph
{ug} (ng) {ng) (ng) (%) {(ng)
e -

209 759 971 19 838 14.8 53 5.0

289 626 42.9 14.7 664 22.2 52 6.0

308 640 83.1 20.2 890 35.7 57 7.2

314 670 84.0 26,9 878 47.3 56 2.8

465 554 103.5 27.2 603 g7 . 67 6.6

W
Ko = duplicate values measured for extraction from 0.6 MHBr; Ph; = Pl initially present in solution; Py, = Pb remaining
in liguid phase after extraction; K = “8-hr. Kp” for extraction from zircon solution; Phy = Pb back-extracted from bead;

" Unirecovered Pb = Pl =Py, — Pha

fissolved in HF and passed through an jon-ex-
change column which reduced its Pb content
from 1013 ppm to 1.3 ppm. The golution was
divided into 5 equal portions each correspond-
ing to 20 mg of zircon and 2°Pb was added to
four to make concentrations corresponding to
1.3,2.2,3.2,4.2 and 5.2 ppm Pbinthe undecom-
‘sosed zircon. The aliquots were dried and dis-

“Hbkved in 100 4 of 0.6 M HBr. Pb was then
;,Eggtracted for 8 hr. onto hydrated beads whose
- M8.hr. Ky values had already been measured.
{Phe amount of Pb remaining in the solution was

heasured with a **®Pb spike, and the “8-hr. Ky
‘value calculated. Recovery was checked by back-
‘extracting the Pb adsorbed on the bead in 200
jit of water. The results are summarized in Ta-
ble L. It ie seen that: (1) the presence of Zr does
not reduce the “8-hr. Kp” value; (2) the values
of“8-hr. K, are with one exception in the range
(3) recovery is between 53% and
67%; and (4) between 5 and 10 ng Pb are lost,
presumably by being irretrievably bound to the
head.

3.6. Blanks

Blanks of 4-5 pg Pb per bead were estimated
by extracting 40 ng of 99.08% entiched *°Pb
onto 10 beads and then back-extracting into
water. No attempt was made to improve on this
figure as the blank associated with dissolving
20 mg of zircon is 10 times larger. However, by

using cleaner reagents a plank of < 1pgshould
be attainable without much difficulty.

4. Suggested procedure

Zircons are spiked with 2357 hefore dissolu-
tion using HF ina Teflon® bomb at 200°C. The
solution is transferred to a 3-ml screw-cap Te-
flon® jar. A 10% aliquot is withdrawn, weighed
into another 3-mi jar, spiked with 20 ng 208,
and dried. The dried salts are digsolved in &
minimal quantity (~ 20 1) of 0.6 M HBr. A
bead that had been soaked overnight in 0.6 M
HBr is then added and stirred for 6-8 hr. The
bead is removed, dried on a piece of filter paper
and transferred to a flat-bottomed 1-ml Te-
flon® TFE beaker (Chemplast)®. A small
quantity (3-4 ul) of 0.6 M HBr is placed on the
bead, and the drop is then slowly rotated for 2
hr. The purpose of this step is to wash out any
salt that had diffused into the bead. The bead
is removed and dried as before, and the beaker
and stirrer are rinsed before back-extracting the
Pb into 100 ul of water.

To extract Pb from the unspiked aliquot the
same procedure is followed, with the dried salts
being again dissolved in a minimal guantity of
0.6 M HBr. The remaining liquid from either or
both extractions is used for the U analysis. Some-
beads may release an organic residue which, if
it is loaded, drastically suppresses ionization.
in such cases, a 1-ml TFE beaker is washed and
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placed without touching by hand inside a clean
7-ml screw-cap jar. The organic residue is dig-
solved in a minimal quantity of dilute HNO,,
transferred to the 1-ml beaker, and is dried. T'wo
drops of conc. HCIO, are placed in the bottom
of the 7-ml jar which is then tightly closed and
placed in an oven at 200°C for 4 hr. The organic
material is completely destroyed in the HCIO,
vapour and the sample is ready to be loaded.
Although recoveries are only slightly more

. than 50%, this disadvantage is more than offset _
by the purity of the Pb obtained and the ab- -

sence of inorganic substances that might sup-
press ionization. Zircons containing 2 ppm Pb
that gave unusable runs after separation on an
0.2-ml column even though 100 mg of zircon had
been dissolved, yielded high-precision analyses
after a single-bead extraction from 20 mg of zir-
con. If recovery is deemed a problem, it could
possibly be enhanced by: (1) only partially dis-
solving the Zr salts because PbF,, being highly
soluble, should be totally contained in the lig-
uid phase, (2) extracting with several beads, or
(3) obtaining Pb from the bead by ashing rather
than by back-extracting.

The method can, of course, be used on zir-
cons with greater contents of Pb. Because
smaller volumes of acid are required to dissolve
the Zr salts, recovery is greater, and smaller

beads can be used, leading to faster
equilibration,
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