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Concentration of Isctopes of Mercury in Countercurrent
Molecular Stills'*

By Samuel L. Madorsky, Paul Bradt, and Sidney Straus

Mercury was refluxed in acuntereurremnt moleculsr stills in order to soncentrate *Hg.
Twwo gplass atilla, with haater and cooler placed outalde the dbstillation ¢olumns, sand one still,
porngiating of & glase columnheated externslly and & stainless-steel cooler placed coneentrically
inside the columa, were uxed, A compared with a 10-0all sbeel ¢olumn deserfbad previousiy,

these columnps showed peor performancs, mainly becsuea the hold-up waa too small.

Thera

gm definite Inditaticos, however, that with Hqubds having a lower surfase tenmsion than He,
these columne will pariorm as well as the 10-cell ateel column., Mass-spectrometer analyses
of irotope ratioa of the Heg-isotope concentretes were in good agreement with density determi-

nALIote,

I. Introduction

In a previous paper [1]7 concenteation of the
isvtopes of mercury in a countercurrent molecular
still hag been described. The atill consisted of a
10-cell metal column inclosed in a glase cylinder.
The end fractions differed in density hy a total of
161.6 ppm. The maxirnum change of density
obtained per cell waa abont 18 ppm as compared
with & maxitnum value of ahout 24 ppim obtained
in & single-stage small glass still [2] or 23 ppm
obtained in 8 single-stage large steal apparatua [3).
One object of this investigation was to explore the
possihility of obtaining by the same method a large
- separation of the isctopes of mercury by using
long distillation columns with many cells. Another
obrject was to compare density messurements of
mercury-isotope cohcentrates with mass-spectrom-
eter analysis of isotope ratios in the same con-
centrates.

1The work deseribed in thls paper was dobe In part, nnder the suspices of
the Atombe Energy Frojort,

# The moleeniar bl eed 1o onostiErating mersury iobopes are giomlar
i dealgn b tbheon devalapad in thix Bhotabry by B. L, Madoraky, A K.
Brmwer, atd T. 1. Taylor,

¥ Figiwed [ bepekots indients the Jterstute rofirenosd 3t tha and of this
Peaper,

Conceniration of Isotopss of Mercury

Ordinary mereury consists of & mixture of seven
atahle isotopes in the following proportions [4]:

Intore Mol %
b a15
| L4 S 1001
. 17. 0
.4 1 | 23. 3
ol __ 13. 2
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There has been of late & grent deal of interest in
the possibility of using pure isotopes of Hg of even
atomic weight as a primary standard of wave-
length of light [5]. Although ™Hg and **Hg are
the meat abundant isotopes, it would be wery
difficult to separate them or even to concentrate
them by counterenrrent molecular distillation as
this method is adapted primarily to the concen-
tration of either the lightest or heaviest irotope
from @ mixture. The same argument holds for
™Hg. As to s choice betwoen ™Hg and ™Hg, it
is obvious from the abundance table that *™Hg is
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preferable because it is ahout 45 times us abundant

as "Hg. In view of these considerations, the

main chject of this investigation was the concen-

tration of the heavy isotopes, particularly **Hg.
II. Distillation Columns

The distillation. columns nsed i this work are
of two types: 1, consisting of a glsse tube, with
henater and cooler placed outside the tube, fizure 1;
and II, consisting also of a glass tube and with
heater placed outaide, but with the cooler placed
inside the tube, figure 2. Both ¢olumns were kept
at an angle of 7.5° to the horizontal. They were
provided with reserveirz at their upper emds so
that only heavy Iractions were concentrated at
the lower ende. Imnleta at the ends served for the
introduction of the mercury and for drawing sam-
ples for analyeis. The reservoirs were provided
with side branch tuhes surrovnded with nichrome
heating coils for. the cireulation of the mercury in
the reservoirs. Evacuation was accomplizhed by
means of an oil pump and Hg-vapor pump, and
a pressure of about 107 mm of Hg waz main-
tained during the operation of the stills.

Coluran I, fizure 1, was made of a glass tube
with an internal diameter of 21 mm, Indenta-
tions pressed into the tube on the underside, at
right anples to the axis of the tube, formed mdi-
vidual cells, or cups. Roofs over these cups wera
foymed on the upper side of the tuba by indenting
the glags in such & way that the condensata o ver
cach cup was delivered to the cup immedintely
above it in the series. Condensaie on the sides
of the column was guided from cell to cell in the
upward direction by means of guiters pressed into
the glass column, The column rested on
Nichrome electric heater. The roofs were cooled
by mesana of a strealn of top water fowing over
them in & frough. This trough was made by
pressing lucite plates agoinst the sides of the dis-
tillation column, with stripa of sponge rubber
between the lucite mod the glass to make the
joints watertight. .

Column I1, figure 2, was made of a glass tube
48 mm in inside diameter, The cups, or cells,
were shaped in the same way a3 in column I,
The condenser consisted of @ series of metal plate-
roofs strung on & metal tube with tight-fitting
sleeves a3 spacers. The metal tube was water-
cooled through a smaller concentric metal tube.
The metal parts exposed to mercury were made of

206

stainless ateel. The column resied on s Nichroma
electtic heater. The sides and ton were covered
with an asbestos mat 2 ¢m thick in order to keep
the column hot and to prevent the mercury vapor
from condensing on the inner surface.

In addition to these two colummns, a third eelumn,
ITI, similar to column I, bat without a reservoir,
was ueed in this work. In the absence of a reser-
voir & light concentrate eould be collected at the
upper end in addition to the heavy concenirate
at the lower end. - The ¢ooler for this column,
mmstead of & diroct stroam of water over the roofs,
congisted of several long water—cooled copper tubes
connected to two manifolds at the ends and placed
over the column roofs. Contact between this
cooler and the roofe wae made by means of gran-
wlar magnetic-iron oxide. The column was placed
at an angle of 3.75° to the horizontal. Chargcter-
istic detaile of the three distillation columns are
given in table 1.

TanLel. Delgils of moleenlor digtiliation columns waed in
conoenirahing feoloves of mercury
Number | Hgln | ADEete
Column b
ofgalls |enehoell| ooub
I. All glazs with reser- ¢ Dregrees
wole .. - ] q 7. 50
IO Olam jacket reser-
volr, and inbermal
metal oooder. . ____ mn i+l 7.5
IOI. Al ghsss, withont
TR 150 | ETH

III. Temperature Measurements and
Density Determinations of Fractions

Operation of the colurons could be ohserved
aind kept under control through a series of therino-
eouplea placed on the outaide of the colummns at
various points between them and the heaters.
However, as pointed out in a previous paper [1],
temperaturs messurementa taken outside of the
mercury pools proper are not indicative of the
evaporation temperature of the mercury. The
temperature was, therefore, calculated from the
amount of heat carried off hy the cooling water,
Thiz amount was determined by megsuring the
temperature of the nflowing and outflowing
cocling water and its rate.

Denasity determinations were made by the same
picnometer method described in & previous
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paper [1].  In cases where eperation of the colutnn
waa resumed after sampling, the mercury samplea
were first returned {o the respective end or reser-
voir of the columy, from which they were ramoved.

IV. Experimental Work and Besulis

Column 1 was operated at 74° C for 256 hr,
The operstion was then stopped and ssmples
drawn from the lower end of the eolumn and from
the reservoir for density measurements. Opera-
tion of the column was then gontinued for another
681 hr, i. e., for a total of 987 hr. Column IT
was operated at 100° C first for 546 hr snd, sffer
sampling from the lower end, it was gperated at
the same temperature for snother 761 hr, a total
of 1,307 hr, A sample was removed from the
lower end, and operation was continued with &
fresh batch of mercury at 76° C.  This run lasted
408 hr, and e sample wsaa then tasken from tha
lower end of the eelutnn.  Column 1E was operat-
ed at 100° C for three consecutive periods, 243,
500, and 607 hr. Samples wers taken from both
ends of the column after each period,

Ezperimental details and results of density de-
terminations are ehown in table 2. In columns
I and I1, which had large reservoirs at the vpper
ands, only the heavy isctopes were concentrated
at the lower ends, The hiphest concentrations ob-
tained were +117.3 and +107.0 pprm, in columna
I and I, respectively, In columm ITI, which
was without a reservoir, the greatest difference in

- density between the light and heavy fractions

TapreE 2. Expersmental delozls and reanils

Hg in
Hgin | lower Change | Change
Baper- | voir or{ ool | uomed | T | gzt | iyt
xwr- | Folr or - Jrie! MlT ¥
Cotumn | yrang umn. |experi-| JE® | light | heavy
mﬁ o | Heavy | onent Thas- i
columa| e Hons thoms
tiom
r ¥ hr L) ] o]
[ 1 10k ™ U] it o 2.4
meTe 2 100 ™ = {37 L] 1] 1173
1 Z.400 0k B e :-: B3 7
.. 2 2 i 14 1] =1, 307 ] - wra
3 240 L] WE ar | - L8
1 11 L ™ME | -5l [ |
| 45 J— 2 o 100 LIl L — Ll B a9
1 4l I |+ 1, M0 —Rp3| k1

= Curoitinties Lime intHidlng the bours of the exparfisent {needmtaly
sl {ham,
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wasabout 19 ppm, As seen from tahle 2, counter-
current fractionation had apparently reached
equilibriom in the first 700 hr of operation.

The results of experiments shown in table 2~
irdicate an unsatisfactory performance for all the
eolumns. A comparison of thesa results with those
obtained in the 19-cell steel apparatus [1], under
equnilibrium conditions, shows that while in the
10-cell column change of density per cell was 18
ppm, the change in these columns was approxi-
mately 1.8, 1.0, and 3.2 ppm per cell for columns
I, 15, and ITI, respectively. The inahility of the
all-glass and glass-metal columns described here to
exparate isotopes of mercury efficiently can be ex-
plained in the following manner. The cells in these
columns should not be considered as individual
plates because of the fact that they were not
separated from each ather by partitions ss was the
caze in the 10-cell steel column. The vapor over
each pool of mercucy had a chance to mix freely
with the vapor over the neighboring pools ahove
and below it. However, even under these condi-
tions there should have been a grenter separation
of isotopes than waa actually obtained. Even if
two or three cells acted as one plate, tho totsl
change in density, for example, in column III
should have been {150/2)318=1,350 or {150/3) >
18=0900 ppm, on the hasis of performance of the
10-cell ateel column.

Tha chief difficulty was due, undoubtedly, to the
small capacity of the mercury cups in the cells,
This eapacity was shout 0.6 ml in ecolumms I and
IIT and about 0.9 ral in eolumn IT. In view of tha
high surface tension of Hy and its inability to wet
ghuss, it did oot drain regularly and wuoiformly
from cup to cup along the column, so that some
pools were filled more thaen others by as much as
100 percent or even Incre and some pools wore ob-
served to stay altogethor cmpty for saveral hours
at a time. In coase of the 10-cell steel apparatus,
where ench cell had a capacity of about © ml, these
irregularities of counterflow were minimized by the
larga volume of the Tiquid in each eell. In the
pPresent columus, where the capacity of each cell
was from 1715 to 1/10 of that in the 10-cell steel
column, these irregulacities had a criticel effect on
the operation, All-glass and gless-metal columns
imilar to those described in this paper were used
for refluxing liquide with normel surface tension
and having the ability to wet glass. On the basis .
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of 2 to 3 cells operating as one complete plates,
thess eolumps performed as well a3 the 10-cell
steel column, where each cell oporated as & plate.

V. Mass-Spectrometer Analysis of Isofopic
Ratios of Mercury Concentrates

Measurements of mereury isotope ratios were
made on a 60" Nier type [6] mass spectrometer
provided with & "continuous balanee™ recording
potentiomestser. The ionization chamber was con-
structed of copper; however, the copper ion-
repeller, being in direct path of the Hg wvapor
heam, was replaced, as a precautionary step, with
a fine platinym gauze.

The inlet system was in the form of & glass
manifold to which six sample tubes could be
attached. Each sample tube consisted of a 3-mm
inside diameter tube attached to & 1-cm inside
diametar tubse, the small tube anding inzide the
larger tube in the form of a sealed capillary break-
off projection. The Hg sample was introduced
into the smalier tube through an open end. This
end was then szesled to an evacuation system, the
tube evacuated to about 107* mm Hg. aod then
sealed off a0 as to enclose the Hg sample. The
sample tube was then sealed on to the manifold
by its 1-cm inside diameter open end. Admission
of mercury vapor from the sample tuba inte the
mass spectrometer was accomplished by dropping
a magnetically manipulated iron ball, about 0.8
cih in diameter on the capillary break-off, inside
the large part of the sample tube.

After evacusting the mass spectrometer and
befora dropping the iron ball on the break-off, the
manifold was flamed until the largest peak on the
Hg buckpround was a small fraction of the recorder
scale at the highest recorder sensitivity. The
sprple tube wae then immersed in liquid air, the
iren ball dropped on the break-off, and pumping
continued for some time. The liquid air was
then replaced with a freezing mixture at —23° C,
and the measurements of isotope ratios were
carried out while the sample was kept at this
temperature. When a set of mesasurements was
complated, the freezing mixture was replaced
with liquid air again, and the smaller part of the
eample tube holding the He sample was sealed off.
Whensever necessary, venting of the mass-spactrom-
eter chamber waz accomplished by eracking off
the manifold and not by opening a stopecek
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beyond the mercury-vapor purnp and liquid-air
trap, a3 is usually done in vacwum work. In this
way the mass-spectrometer chamber remained
frea of He contamination from outside sources.

Anglysis was made by successively comparing
the heights of the recorder peaks from ™Hg to
*He with that of ®Hg. For each comparisca
the sequence, zero-*Hp-zero-peak-zere-Hg-zero,
wag tun 10 times, the scanning rate being set o
cause the recorder pen to linger several seconds
at the tip of each peal.

Eight samples of normal Hg were analyzed, anid
the averape isotope ratios are shown in takle 3 in
comparison with those of Nier [4]. There seems
to be a very good agreement hetween the two sets

. of ratios. No sttempt was made to determine

ratio " Hg/Hg, since the height of the ™Hg peak
is only about 2 percent of the ®*‘Hg roference peak.
The presence of a memory effert was checked by
comparing analyses of five normal samplea, each
following analyeis of & heavy eample, with those
of thres normal samples, each following a Light
sample. The emall differences found were in the
opposite direction to that which a memory effect
would indieate. The results of all the iostope
ratio determinations are shown in tsble 4.

Densities of the vavious mercury concentrates
wara calculated on the basis of the isotope ratios
shown in table 4, A comparizon hetween the ox-
perimentally determined densiiy deviations of the
concentrates foom norzial Hg and those calculated
is given in table 5. Omn the basiz of data in tabla
4, concentrations of *Hg in samples I1[-3-L and
ITT-3-H are found to be 6.684 and 6.899. This
gives a total enrichmeni of *™ Hg in thae loweat eell
of column TIT gver that in tha uppermost gcell of
4.66 percent.

Abundance ratios of Hg fecfeper
Comparlsn bet™een tha tresent work smd thak of Wier

TarLe 3.

[‘ Yaltss of britops rathy

Ratle measured FPerpent-

i Fretznk | Mlers BFE

i work wotk detria-
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TapLm 4. Mass apectrometer enaliysss of ojops raltos in
’ mereury coneenirales

m Taotope ratles tn nertes] By and in coocantrates
Emrple dupli-

am- | L4 | 198730 | IOHEH | 2007204 | 201304 | 20220k

T
II1=3=Lb, .3 AT B 1572 | 2409 | B M6 | 2006 | 4, 220
Hormal..| B -1 168 | &63 | B487 | I.991 | 4.401
II-1-H__. & Ririh] LATS A 1L A 00 L8 | LFM
M=H__. & . D210 1,450 T, 456 333 1925 | L3T1
NI-s-E.. T . [ 1. 4348 T 825 F 1 1.e0F ¢ J 306
n-=H.. a - (w5 1433 2 435 3 3m ].Nﬁi L M3

& Ratio 190/2M for worropl Hy & Lhet glven by Nier, sll the otbir o n
this coluvgd wers astinmbed by assim pg (hat e moeiot of concentmetion
of & glven Isobopd was progpwrticnat to difference betwreen the tholesular weight
of this isotope and the svarsge toclecular =eight of Hg, Thin relaticoship
was foand bo be approdmately true for the other light isctones.

b Roman nnmeral stards for celumn, arabic number for exparimeat, and
L and H for Hght and heavy fracklon (e table Z).

TABLE 5 (omporiicn belweest experimendal denatdy saluea
and thoss colewlaled from dsolope ratio data for Hg con-
revidrafes

L}c&ﬂnbﬁm of ﬂw%.-
3 irom morme M _
in ppam Peroant
Ssmple Pro
Erperi- [ Caleg. | 2002
mentsl lated
W4T .| —89.8 —5.1 —.2
U-1-B.__.__..__.___.| 4527 | 478 | 4+
U-3-B__.__..____.__.| L8 | 4001 +a.2
wi-H_ ... 41061 | 1.8 —-1.8
(% ; — N N A - —d
V1. Conclusions

Concentration of *Hg in long sountercurrent
molecular distillaticn columns hoving small cups
of lezz than 1 m! capacity, gave poor results, as
compared with a 10-cell steal column with largs
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cups, deacribed in a previcus publication. The
chief reason hes 1n the faet that, because of the
small hold-up in the cells, a liguid like Hy, with
8 very high surface tension did not reflux regulacly,
s thet individusl cells held mere liquid at one
time than at another. Thers sre indications,
howeover, that with liquids of normal surface ten-
sicn, 2-3 cells in such eolumns aet as one plate,
comparable with one eell in the 10-cell sieal
columns. The all-glass and glass-motal columns
described in this paper are more easily constructed
and, where the liquid has & normal aurface tension
and refluxes regularly, a =smaller hold-up is more
advantageons.

Mazs Spectrometer analyses of isotope ratios
in normal Hy pave results that ave in good agree-
ment with those obtained hy Nier. The mass
spactrometer 1sotope enrichment determinations
agree fairly well with direct density measurements
by the picnometer method.

The authors thenk F. L. Mobler for many
valuabhle suggestions in connection with this in-
vestigation and C. E. Emery, Jr., who assisted
with the operation of the mass epestrometer.
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