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Concentration of Copper 63 by the Countercurrent
Electromigration Method
By Samuel L. Madorsky and Sidney Strauns

Concentration of ¥ Cu by the countercurrent electromigration method is deseribed.
The electromigration cell was operatad with cuprie sulfate a3 the elegtrulyte for perloda of
about 400 fo 5 hours. A definite, though small, conceniration of ® Cu in the tathode
ecompartment of the eoll was obisiped. The terming! separstion coefficient waz sbout one-
third az large &5 that {ound for ehdorine under aimilar eonditions.

I. Introduction

Coneentration of isotopes by the countercurrent
alectromigration method was carried out success-
fully in the case of singly charged ions such as
Kt' and ClI"? It was of intercst to find out
whether a doubly charged lsotopic ion eould be
concantrated by this method. The cupric ion
Cutt was selected for this purpese, becanse it is
the lightest element that forms douhly charged
ions ih agueous solution and which at the same
fime exists in nature #s & mixture of only two
isotopic species.

O. Arrangement of the Electromigration
Cell

Ordinary copper consists of o mixture of two
etable isotopes ®Cu and "Cn in the ratio B~
B0/ Cu=2.2192. The eloctromigration ceil can
be 2o arranged that the flow of liquid in the packed
eclumn is in a direction from the eathode to the
anode, i. ¢, In & direction opposite to that of the
movement of the Cu*t iohs. When the el
operates under conirolled conditions so thet the
concentration of the clectrolyte stays constant,
the velocity of the liquid counterfow iz smaller

. than the velocity of ®Cutt. Thus the ®Cutt

moves into the cathede compartment, while %
is forced back toward the anode.

The electralyte consisted of a solution of chemi-
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cally pure grade Cu30, in the ratio of cne equiv-
alent of CnS( to 60 moles of Hy). The opera-
tion of the cathode was controlled by means of a
boundary between the cupric sulfate solution
and a solution of suifuric acid. The cathode
will be under proper control as long as the bound-
ary remains sharp and stationary.  This condition
ie satisfied when the concentration €, of the
H.S0, solution is related to the eoncentration
of the CuS30, solution in the following manner:
C/Co=Ta{Toy, where Ty and Toyp are
thoe transport mumbers of HY and Cu** 1oms,
respeetively. Tt was found experimentally that
a solution of H50, containing 1 equivalent of
HAES0, to 24 molez of H0), 1n contact with 1:60
CuB0, solution gave a sharp and steady boundary.

The cathode itsell consisted of a platinum gauze
nbout 4 ¢m? in area immersed in the acid. The
reactions taking place on the acid sida of the
koundery are 2H*4-2e=H;; 30, moves out
acros2 the boundary in the direction of the anode.
In order to maintain constant conditions in the
cathode cotnpartment, it was flushed with a
continuons stream of the 1:24 H.50, solution.

The snode consisted of & copper red % in. in
diameter. The shode reaction can be expressed
by the equation

S0+ Cu=CuS0, -+ 2¢.
An amount of water, equal t¢ 36 moles per Fara-
day, waz added in the neighborhood of the copper
rod and the solution agitated by mesns of an &ir-
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bubbler. This amount of water, required to
maintain the coneentration of Cu50, in the anode
compartment, was calculated on the basis of the
transport numbers of Cutt and 30,~ in the
elactrolyte, which are approximately 40 and 60
respectively. Since the increase in the concentra-
tion of CuS0, around the anode iz governed
primarily by the inflow of 50, ~ into the anode
compartment, the amount of water required to
bring the 1:60 CuS0, solution back to its original
concentration is 800.80=36 moles of HO per
Faraday. As an additional precaution, the anode
compariment was flushed with a stream of 1:60
Cu3d)y, The method of metering the restituent
liguida has been described in previous papers
{ace footnotes 1 and 2).

Characterietio details of the splutions employed
are given in table 1. As seen from this tabla the
1:24 H,50, solution has a lower density than the
1:60 CuS), and therefore forme the upper layer
at the boundary.

TawLe 1. Solutions employed in the copper electromigration
erperiments
Hatlo-
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The electromigration éell and details of the
electrodes are shown dizgrammatically in figure 1.
The cell is similar to the ona that was used in con-
centrating *C (see fooinote 2), except for the
following minor differences: (a} The cell electro-
Iyte here is below the houndary instead of abova
it as in the chloring cell, (b) Instead of a cireulsr
crogs-zection tube with an internsl water-ccoler
int the houndery region, s fattenad tuba without &
water-cooler was used here, The eross sectional
dimensions of the tube insida were 1 cm by 2 em.
This way of cooling the boundary region was fovnd
to be more satisfactory theo by nsing a water-
cooler. (¢) Glass wool between the outer and
inner cupa of the cathode compartment, alao, at
the upper end of the flat tube served here to
protect the boundary from disturbances caused hy
the addition of tha arcid.

Operation of the cell was automatic and con-
tinuous, requiring very little attention. Alto-
gether five experiments, lasting from 380 to 525
hr of contimious operation, were carmed out. In
all experimenta the current was 200 ma. The eell
was kept In & constant temperature bath main-
tgined at 20°+01° C. Bamples of overflow
liguid from the cathode and anode compartments
wers analyzed at intervals for H:50, and CuS0,
gontent, respectively. The results of these anal-
Foes are given in table 2. The cathods overlow
liquid was tested also for copper with negative
results, The houndary could he observed readily
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Electromigralion cell used in conventrating ™ Cu
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because of the hlue tolor of the cuprie sulphede
solution, It moved slowly up or down during the
experiments within a range of about 2 em. A
glight variation of the position of the houndary
merely means that some of the Liquid containing
the ®*(u concentrate fluctuates in and out of the
packing. At the end of each experiment the
content of the cathode compartment between the
boundary and the packing was removed by means
of a pipette inserted below the boundary while the
current was on. It was not possible during tha
drawing of the sample to prevent some of the acid
above the boundary afd some of the electrolyte
from the cathode end of the packing from mixing
with the main bedy of the ®Cu concentrate,

Tanle 2. Anolysiz of cathods end anede overfow ffguids
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A knowledge of the cathode volume is necessary,
as will ke shown later, for the ealculation of the
separation coefbeient involved in the poncen-
tration of ® Cu by the electromipration method.
This volume was caleulated in the following
manner. The liquid drawm from the cathode
compartinent was evaporated to dryness and the
residne weighed as CuS0,5H;O. The volume of
solution having a concentration of 6.88-percent
CuS30, and corresponding to the total CuSO,
5H;() in the cathode sample could then be caleu-
latad. This volume was taken as the cathoda
volume and is shown in table 3,

. Maes-Spectrometer Analysis of
Rui:io? BCu/5Cu
Samples of Cu30, removed from the cathode

compartiment, as well a3 samples of ordioary
(S0, were converted into anhydrous Cu(l and

Concoentration of Copper Isolopoes

TaprLe §.  Some experimenial detarls of the copper elecire-
migralion esperiments

Cathode
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used in this form in the analysis of ratio ®Cu
in the maass apecirometer. The conversion was
carried out in two steps. In the first satep,
CuS0; wag converted into Cud) by the well-
known method of hesting an aqueous solution of
Cu3Qy in the presence of glucose, Rochelle salt,
and sodium hydroxide. The bright-red precipi-
tate formed was washed alternately with water
and aleohol and then dried. In the second step,
the CuyO was heated at 830° C in a stream of dry
raseous HCl. The resulting anhydrous Cull was
cooled in & stream of dry nitrogen aod sealed in a
glass tube,

The mass-spectrometer analyses were carried
out by A, E. Cameron and J. R. White in the
Tennessee Eaptman Leboratory at Oak Ridge,
Tenn. Four series of atalyses were made. The
resulis are shown in table 4. Ratios of #Cu*Cu
in ordinary copper and in the enriched cathode
samples are designated as B, and R, respectively,
where ¢ stands for total time of operation of the
call in hours. In tahle 4 the K, values, except
thosa matked with an asterisk, represent averages
of two I walues obtained before and after the
corresponding &, valuez. This table also shows
enrichment of ¥Cuo as R ,/R, for any given cathode
sampla.

The separation coefficient {e—1) can be cal-
culated by means of a formuls derived in & pre-
vicus paper {see footnote 1) on alectromigration.
In the case of eoncentration of copper isotopes,
this formula can be put in the simple form

V.O(R— By}
NA R+ 1B+ 1Y

e— 1=0.3352 .
whera
¥, =eathode volume
C=normality of Cul0y solution==0.823
Ny, Me=mole percent of ®*Cu sod ®Cu in
ordinary copper

i=time in hours,



Tapl® 4. Isofope roficd from moss speciromeler guolyses
and separaifon cogfietent (¢ —1) for elecfromigralion

B npd R represent matice YOuf Cu far aermos] sopper s copper sulints
[rott the cathods eompartment slter tivoe §
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Valuar of ¢—1 for the five axperiments arc shown
in the last two eolumns of table 4. The values
given in the last colurn represent terminal values
for ench experiment. Judging from the work on
potassium and chlorine, the initial valvues of
«—1 would be about twice az large as the terminal
values. In view of the fact that large samples
were Yequired for analysie in the mass spectrom-
ater, campling was reserved to the end of each
run. The average of all the B, valuea given in
eolumn 3 of this table is 2.2192.

A comparison hetwean the terminal e—1 values
obtained in the copper work with these obtained
in the work on chlorine (see footnote 2} is given
in table 5. On averaging the resulta from five
experiments in both eases, we find that the sapara-
tion coafficiant in concantrating ¥~ is threc times
as grent as that in concentrating ®Cutt,
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TaBLe 5. Compariten beltoren the reparalion eoefficiends 4
the concentralion of ™C] and “Co
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IV. Conclusions

The results indicate a definite, though small,
geparation of copper isotopes by the countercur-
rent electromigration method.  ‘The low separation
coofficient obtained for copper as compared with
chlorine, may be acconnted for by the smaller
difference in the melecnlar weight of the two iso-
topes per unit mass of the copper atom, The fact
that the copper ion can exist in aqueous solution
in two stages of oxidation, cuproums, Ou¥, and
cupric, Cu*t, may also bave something to do with
the low separation coeflicient. However, other
iona that can exirt in more than one state of
oxidation should he tried befere a definite con-
clusion can be reached in regard to thiz questics,

The authors express their indebtedness to J. R,
White and A. K. Cameron for the mass-spectrom-
eter analy<es reported in this paper.
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