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I Introduction

| The purpese of this research was to investigate
the phenomencn of electromigration of lons in &
cation exchange resin. when & potential is applied
seross s solution of iens in series with an lon
exchange resin column, the catiens will nigrate through
the resin toward the cathede and the anlons wlll
migrate toward the snode. The catlons as they nigrate
through the resin should form bands hecause ef their
different ionic mobilities and their different ex~

change retes on the resin. The ebject of these
experiments wes to design end build the spparstus
necessary to schieve the seperation of the cationle
species snd to obtaln data on the separation process,
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Il Histericel

Experimental research on the electrochemical
properties of lon exchange resins has been done by
Bauman and Eichhorn (1) , Juds and MeRme (2) , and
Kuwabers , Selyasms end Saksl (4),

Bauman end Eichhorn cerried out equillibrium
experiments on the len exchange resin, Dewex 50,
They concluded that the ion exchange reein is equie
valent to a highly ilonlsed salt solution, Juds and
MeRae explored the electriecal conductance eof lon
exchange resins, Kuwabara, Seiyeme snd Saksl heve
done electrechemical studies with ion uxuhmgo
membrenes ineluding studies of the separation of
ionic species,

Studies of the migration of ions in an electric
field along strips of paper have bsen carried out
by HeDenmald , Urbin end Willismson (7). They slse
used this technique to separate proteins,

The first work on the separstion of lons in
ion exchange resin columns by lonophoresis was done
by G Menecke (6) and wes suggested to him by his
experiments on ilonlc movement in lon exchange
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membrenes (5). Manecke's apperatus conslsted of a
chamber conteining the selution of lems te be
separsted, At either end of this chamber were two
tubes ,eight centimeters leng snd 1.5 square centle
meters cross sectiomal area, connected to the middle
chamber through glass fritted disks, The tube located
at one end contained s quateérnmary smmonium base anlen
exchange resin and at the other end a sulfonic &c&d
cation exchange realin, Flatinum electrodes of one
square centimeter ecress sectlonal ares ﬁ'm connected
at each end of the apparatus. Distilled walter was
sllowed to flow over these slectrodes, 4 potential

of 120 volte was spplied soross the electrodes and

s direct current of five to twenty milllamperes IlLewed
through the cireuit, The ions were separated into bands
because of thelr different meobilitles,

Spiegler and Coryell (9) and (10) have alse
worked on the separation of lons in an yim exchange
resin. Thelr provedure wes to apply an Qiuctr:lm
potentisl to electrodes in ceontact with a column
of eation exchanpge resin , which was continueusly
flushed with distilled weter, The separation of the
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lons wes observed by use of redicisotopes to tag the
layer of cations, Spiegler and Coryell proved thet the
electrode reactions sccurring in thelr apparatus weres

snode 1 4K + W0 = 4 HR + 0y he”
cathedes 4e” + AHR + 4H,0 = 4K + 4Ne™ + 40H™ + 28,

They alse showed that the electrozigration phenomena

are anplogeus to those obeerved in selutlion exeept

that there are no thersal aﬁm?ectién effeotas, Zxperimental
gtraight line current wersus veltage curves were

obteined by Splegler end Coryell in the operation of
thelr apparatus.
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II1 apparatus

The appsrstus used in this project was similar
to thet veed by Maneeke in his experinments, The two
different experimental set-ups ﬁaad are pletured in
Meures 1 end 2, The apperstus wes made of Fyrex glass
tubings The firet ssteup, Fligure 1, regquired a warasup
time of about ome hour belore any electrode resctions
or lon migretion begane This wes probably due teo the high
resistence of the Aistilled water in the cathode chamber
and to the conseguent 4iffleulty in starting ilon
sigration.: The lemgth of the sapparstus was shortoned
in the second assteup, Figure 2, to decrease the ree
slatence betwesn the pletinum electrodes, Hydrochiosrie
sold was sdded to the cathede chamber, to the ancde
shamber, and to the ion exchange resin columns. The
hydrochloric aeld serves 6% & gupporling electrolyte,
The warm-up time of the sevond design of the appsratua
was less than five minuten.

The ion exchauge resin used in thls experiment was
Dowex %0wx8 which is a etyrenme type sulfenic acld resin
ia hydrogen Torms

The current flowing in the circult wes measured by
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@

means of a direct current mill er ,Triplett
model 675, A direct current velt-smmeter,Weston
model 540, wes used Lo measure the potential applied
between the elecirodes,

The potentisl waes supplied by e power supply
ef variable voltege, The schematie dlagram of the
power aupply is shown in Flgure 3.
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iV Experimental Fesults

The selution used for the sepsration ;mpmwiammta
contained eobalt (1I) ioms and cepper {xz).lmmn@ The
hydrated cobalt (II) Son 1@ pink in color snd the
hydrated copper (I13) fon i blue, The differemce in the
goler of kﬁﬁvﬁﬂﬂ lonie specles was used to observe
the separation visually.

in the first sttempbed sepsration the solution in
the anode reservoelr was 100 mé&ﬁr-aﬁth respsct to
cobalt {ii} fons and 4114 molar with respect to
copper (I} loms, 4n sgbeslutely well defined separation
wes not schleved, The initisl separation wes observed
after gbout two hours of sperstions The front part of
the m&gratzmm'iﬁa>bﬁu¢'ﬁaﬁmmﬁ & deep green, The size of
the green bend greduslly became lavgers After sbout five
houre of operstion; the bond was twe centimeters wide.
the part of the resin column behind the green band was a
pinkish~grey celor, but there was no sharp boundary
between the cupric snd the sobaltous ionse The green
color ef the cupriec lon band turned to s dark grey twe
centimeters behind the fronmt, The grey coler lightened
and beomme pink toward the end of the resin column.

(10}
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The totel lempgth of the grey and pink colored part of
zm@ regin was about Uive centimeters. A

. The rate of wovement of the lon front wes seasured.
for two hours beplnning 8t the third hour of eoperation
The velgoity wes 035 centiseters per minute during the
two hour peried, but wes not constant throughout the
periods At the beginning 1t wes ,062 centimeters per
minute and near the end 4t was 019 ecentimetors per
&inmt@@ The current flowing in the Qirwﬁi% was alao
messured during this period of eperations It dropped from
3 mﬁlii&m@éresa st the beginning to 6 willismperes
at the end of the periocds The deeresse in the vels
oeity of the ion front and the decremse in the
ourrent is ceused by the depletion of ienms in the
vieinity of the elecbrodes and the anmauq&mmﬁ increase
in the resistance of the selution and resin column,

A better defined separation between the cobalt-

ous end cupric iens wes ebtained when the solution
in the node chamber was ,0325 meler in cobalt (II)
iens snd 40341 melar in copper {1X) dons. The coler
of the cuprie ion bend was s lighter green , bubt
the separation between the cobaltous snd cupric lom
bands wes easily seen, The current flewing in the
eireult was measured as & function ef the applied



veltage during this runs Plgure 4 is & plot ef current
versus voltage for the eystem witho,2N hydrechlerie
neld initielly present in the cathode chember and
with the solution in the ansde reservelr slightly
seidified, Figure 5 is the plot of eurrent versus
voltape with 0,2l hydrochloric acid initially in both
the oathode snd snode chembers, Results similer te
those sheown in Flagure 5 were gbtained when the acld
concentration ¢f the cathode chamber wes lncreased
above 0,21, The discontipmulty showa in Figure 5 is
a true dlscontinuity becsuse 1t yas imposslble teo
obtaln any experimental polnts between 60 and 100
velts, This discomtinuity of the current versus
voltage curve seems to indleste & threshold of some
Bort,

The electrede resctions ecceurring during the
operation »f this equipment werse

snode ¢ 201 = Cl, + 26"
cathode 5 2H® + 2 ¢ = H, «

(12)



FIGURE 4

CURRENT VS VOLTAGE
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V Summary

A The discontinmuity in the current versus velte
age ourves at higher hydrogen ion concentrations
may be caused by the depletion of lons in parts of
the solution, The hydregen lens mey be attracted
toward the cathode wery quickly, This mey cause sn
inerease in the sppsrent resistamce of the selutien
and o consequent decrease in the current flewing in
the eircults Alse st the higher hydregen ilon concens
trations most of the current flewing in the eireuit
is cerried by the hydrogen lons, This may slew down
the movement of the lomlc bands through the resin
and mey alse hinder the seporstion of the ilons inte
vends, The probliem of the sepsration into bands snd
the movement of the bonde may be investigated by
running distilled water and then solutions of verylng
sencentrations of hydrochlorie seid through the cathede
chamber, This procedure will eliminste the decreasing
eurrent snd the decreasing veloeity of the band which
was observed above, This sepsration technique should
work using other supporting electrolytes. This pro-
blem of ueing ether supperting electrolytes should
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slso be investigated. :

The ourrent versus voltage curve shown in Figure
h wee expected to be & stralght line, A siralght
1ine was not obtained because the eystem wss not static
or ot equilibrium during the time that messurements
were made. This will ceuse some mwﬁ%ﬁm of the
experimental Mmu,

the 1length of the resinm coluun used in sny one
separation should depend upon the amount and eoncens
tration of the solution to be separated., In the
geparstion run above,the feilure to get s good visille
sepsration between the cupric and cobaltous ions
was caused by the limited smount of time and the
1imited lenmgth of the reeln column useds & betier
geparation would have been obtsined if & lonpger resin
solumn hed been used, The ion exchange resin has »
1imited capacity to exchange hydregen ions for metal
jens, The cepscity of the lon exchang® reain limits
the smeunt of iens a column of certain length andl
diameter will be sble to separale. '

The order of migration of lons was found to
be the same ss the order in simple solution, The
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cuprie and cebalteous lons have the same eharge ,plus
twe, bubt the cupric iom is smaller than ;hw cobaltous
lone The smaller cupric ion should have & higher
veloelty and thie wes bornm out in the experiments,
The gresn band ebserved migreting in front of the
pink band was the gupric lem band. The green celor was
peavsed h&i%ha yellow colered reein and the blue colered
eupric ion adding to give the green colers The order
of migretion of the lonlc bands should be luvestle
gated with verious other lens. te determine whether
the lons nigrete in the same order as they would
in & simple selution free of convestion currents,

The use of this phencmeno
s chromatographic type set-up,es on snslytical tool
is possible, 2 design of this type of equipment les
ghown in Flgure 6, This type of set-up would have
aistilied water flewing through the realn colunn,
The gless fritted disks shown in Figure 6 should
be fine emough so that they will psss water only
under suctlion. A8 the iﬂa&a vands move out of the
resin snd inte the oathode chasber, semples could
be taken to be analysed spectrophotemetrically. This
use ap an snalytical tool may be limited to some

oM, in connection with
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extent by the length of time necessary to obtsain
s separation. The use ¢f the chromsteographic teche
nigue may speed up the separation provess and mehe
the phenomenON more useful,
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