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Recovery and Estimation of Radioisotopes from Biologic Materials
II. The Electroplating Apparatus. Procedures for Copper, Silver,
Zinc; Mercury, Iron and Cobalt |
Rayburn W. Dunn<
Diviéion of Medical ?hysics, Donner Laboreatory
Radiation Laboratory, Department of Physics.

University of California, Berkeley, California .

September 27; 1950

Following the work of Ross and Chapin,1 Hahn,2 ana o£he£s3:with radiocactive
. iron, a considerable number of procedures have been developed for the preparation
of thin metallic films by means of eiectroplating._.inasmuch as pafticular inter-
est has been shown in the 12-cell electroplaiing equipment which is currently
being used in this laboratory, it seems advisable that the apparatus should*be
described in detail. 1In viéw of the large number of iﬁdividual radioactive.
samples whicP had to be prepared in carrying out our,ihVesﬁigationél work, pur-~.
chase Qf.several of the 2 or 4 cell units which aré COmmercialij available was
'éonsidered uneconomical. In consequence, & relatively inekpensive apparatus waé
constructed which wéuld plate up to 12 samples simultaneously.

Most .of the work in this laboratory has been‘céncerned with the reco§ery of

4
cobalt and iron.”’

However, procedures for additional elements have been’
7,8 - .

worked out for use in activation analysis ’ and distributien st.udies,9 and

these are reported herewith. - Methods of ashing sampleé prior to separation of

the pure elements, are to be reported elsewhere.

ElectrOplating Apparatus.' The electrodeposition assemb1y ﬁEich was previously.
.describéd by usll_has been completely redesigned;  individually speed-controlled
anode stirrers have been eliminated, aﬁd separgte anode;cathoée_éurrent and
voltage controls have been incorporated. Furthermore, a radiCally different

anode hag been devised. The electroplating cell, Fig. 1, has been modified to
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perult platlng on either 1- 1nch or 1- 1/2 1nch dlameter planchets, The diameters
of the plated areas are 13/16 inch and 1- 1/4 inch respectlvely, .elther area may
:be plated on l 1/2 1nch planchets. As 1llustrated in Fig. 1, the adapter rlng
is in place for platlng the smaller area, Wlth thls%rlng removed together with
the l 1nch gasket and constrlcted glass cell, a stralght l 1/2- 1nch glass cylinder
:and gasket may be substltuted for plating the larger area, as. 111ustrated in Fig.
. N _ : .

- Fig. 2 shows the complete apparatus andiFig; 3 one electrodeposition_cell,
and alongside, one anode. A plywood‘fraue supports the motor'andcbrass tubel
The electroplatihg cells rest on the:box enclosing thevelectricalfgircuit.
Twelve 1-1/4-inch holes are cut.in the top of'this_box directly:uhder'the anodes
when thej are in the disengaged (left) position, 'in orderlto facllitate removal
of the anodes for cleaning. A fan has been mounted at the;back‘for ventinglsuch.
‘gases; as aumonia,-chlorine, cyanide, etc. lucite doors,have»beeu‘prOVided for
easy access to the electrolysis cells; | | c

‘The shaft and worm gears are housed in a 1- rnch p:< l=1nch square brass tube,
56 inches long. Twelve brass blocks are spaced at Aolnch centers'to hold the
“1nd1v1dual worm gears and anode collets and to serve as shaft bearlngs. An
add1t10nal block is prov1ded at each end of the shaft and & roller bearlng is
1ncorporated at the motor end. The top‘and bottom, as well as the‘outward face
.of‘the‘Square:tube, are so cut‘that each,of_the'lz beariug blocks.hay,be,indee
pendently hoved to engage or disengage the worm gear and the.shaft worm. A set
screw is attached to each in order to flx this p051t10n as desired. Fig. 4 shows.
the detalls of the brass block and gear assemblye
The 1/20th H.P. fan motor, obtalned from radar surplus, rated at 1700

T, p m., is connected by means of a vacuum- cleaner belt to the shaft in the ratio
of 1 to.2 The wormoworm gear ratlo is lO l The resultlhg anode rotat;on is

thus approx1mately 350 r.p.m.
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The collets shown in F:Lgo 4 are made from steel tublng, and are de51gned to
‘take a l/8 1nch dlameter anode rod As flrst used the platlnum anode was fixed
in 4 mm glass tublng w1th collets of sultable dlameter.l These»anodes were con-
tlnually being broken and had to be replaced. Slnce'a:sturdier type of anode
was reduired, it was decided tbatvthevflat spiral of.platinUm wire‘(ﬁ inches
longix 0.052-inch diameter) could readlly be_welded to'one.end of 1/8—inch dlam_
beter wolfram‘rod which had beeh countersunk l/léeinch deep with a‘l/16—inch
diameter counterdrill - Chemical attack of the latter would bevnegligible._ An
.8 -inch length of this rod was far less expen51ve than the cost of’ ‘the previous
glassblow1ng procedure plus prov1slons for anode electrical connectlons. Experl—
ence has now shown that the W Pt anooe, shown in Flgs° l and 3, is 1deal for use
in thls apparatus and for this type of work
| The electrlcal circuit, Fig. 5, is of the conventional potentiometer type,
measuring anode-cathode potential, and indicating one or more‘clcsed circuits by
means of the pilot light. The power supply is 12 volts, using two 6-volt storage
batteries in series. Current can be measured on elther the C - lOO me., or the
0 - 1 .amp. scale° The anoueacathode dlstance, and hence the res1stance between
then,'can‘be veried from about 1/4 inch to 1-1/2 inches or more, as deslred.

| Four units, as described aboﬁe, were bullt for use in'our.laboratories;
.Two of these haue seen continuous use forva period of ahout,three years; and one
cf.these two has had more use than the other three put.together. The two units
first referred to are still in excellent condition " The other two units had to
be partially‘rebuilt. The critical factor in their performance seems to be in
the "trueness" of the brass tube. The latter should be carefully checked before
assembly. OVer elght thousand electroplated samples have been prepared with
these unlts. |
Cathodes hree types of cathodes have been used w1th thls apparatus, namely,

copper, goldwplated copper, and platlnum, In general,'the-thlckness of these
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planchets lslbidd2‘inch but this is not critical; thicker planchets must be
used in the l-inch diameter slze when samples are. prepared whlch are to be
“counted 1n Tracerlab‘s Automatlc Counter ‘. |

Although cathodes of other metals may‘sometlmes hevrequlred the ones
llsted will do for nearly all routlne work If the cathode depos1t is to be
welghed, platinum planchets should be used however9 gold»plated copper may be
substltuted for platlnum in such a case, prov1ded that the electrolyte does not
.dlssolve appreclahle amounts of copper. Experlence in thls.laboratory.has shown
that the-gold plate does'not éive perfect protection of'the copper; but.that
'under.the usual conditions of use the copper attack will.be'smalldenoughcto allow
vavsatisfactory gravimetric determination of the electroplated film,[if needed.

In. platlng uranium as uranous fhxr01de or oxide it is customary to calcine
»the dep031t in order to convert it to U308 12 Under these condltlons, and also
when 1t is necessary to recover the dep031t quantitatively andppure; platinum or
gold shonld be used. ' | o

‘A1l three types of cathode may be cleaned by 1mmers10n in the usual dlcro=
mate- sulfurlc acid eleaning solutlon, with the precautlon that the copper and
plated copper not be allowed to remain in contact with this solntlon any longer
than necessary After removal of the excess. cleanidg solntion, the planchets
are rinsed w1th hot tap water as vigorously, rapldly and ccmpletely as possible.
‘After r1n31ng in dlstllled water, each planchet shoula be: dlpped 1n acetone and
allowed to dry. An acetone d1p should also be employed after electroplatlng.

The anodes should be cleaned in a s1m11ar fashlon, althougn the acetone rinse is

not con81dered necessaryo

Electroplatlng and Eleotrodep031tlon A general discussion of electroplating
and electrodep051tlon for radioassay is to be found in Siri's recent puhliCa—-

13 . - L L ‘ R
tion. This discussion will be of aid to those who desire to work out new

x Tracerlab, Inc., 130 High Street; Boston 10, Mass.
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methods for recovery and estimation of radioisotopes by the electrolytic rroce-
dure.

Procedures for Use with Copper, Silver, Zinc, Mercury,“Iron and Cohalt 4l or.

nearly all 1ncrgan1c analytlcal procedures for use with blologlc materisls are
preceded by ashlng In view of the 1mportance of ashlng methods per se, these
methods are to be reported separately.,1

In generalg ‘the inorganic salt solution‘obtained after:aehing will be
rather stronély acid and may contain relétiVel& large amounts of calcium, mag-
nesium, sodium, potascium, sulphate, phosphate, etc., in comparisoh with the
element or eiements to be'determined. The carrier element is usually'added
before, during or after ashing, depending upon the convenience of the operetor.
Whenever it is possible to weigh the final eiectroplated material, and thus
haveba measure of the amount recovered, the carrier should be added before'ash—
ingo The recovery and.estimation of gold11 is an example of the latter proce-
dureo | | |

The amount of carrier which is to be used veries between one andtten'milli—
grams and will depend upon the method of_separation employed, the aree electro-
plated {(with reference to self=absorptiohj, and upon whether or not aAfinal
gravimetric determination is to he mede. Five milliérams:of cerrier,bpietedvon
one»inch.diemeter planchets, and weighed to the neerestio 1 miiliéreuiis the
genoral rule Taklng into con51deratron the fact. that there is usually a small
‘Welght iOSS when goldmplated copper cathodes are used the error involved in
following such a gravimetric procedure will usually be less than plus or minus
five peroent, which is guite satisfactory for this type of work.

Whenever the'amoun of ashed material is low, €, g., one to ten mllllgrams,
a separatlon procedure prior to electroplatlng may not be necessary, and this is
partloularly true if the element is electroplatec from an acid solutlon.A.How—

ever, since an alkallne condltlon nearly always exists within the cathode



- UCRL-932 -8-

boundary, the presence of 1norgen1c ash salts often leads to the productlon of
an. 1nferlor plate due to 1nclu51on of some 1nsoluble materlal w1th the metalllc

.vdep031t Whenever this occurs the plate w1ll not flrmly adherer

Wy T R : LERRIE X '__f;.:: ) “ XA

N Furthermore,

LSt
+ "

quantltdtlve recovery under these condltlons is frequently 1mposslblet
. A1l the procedures whlch follow 1nclude a separation before electroplatlng.
iWhether thls procedure is followed, however, w1ll depend upon the Judgment of
Athe operator. Inasmuch as each of the methods is based upoh accepted.analytlcal
_'proceaures, no quantltetlve data are presenteoo l | N o |
‘Copper' With flve milligrams of carrler cop;er present the ashed materlsl is
converted to the choride by the addltlon of excess concentrated hydrochlorlc
ac1d and evaporation nearly to dryness if a nitric 301d dlgestlon has been used
although complete remOVal of nitrate 1on is not es:entlal If a sulfurlc acid
’dlgeSulon has been employed the excess acid must be fumed away The resultlng
chlorlde or sulphate ash is dlssolved in dilute hydrochlorlc a01d and transferred
to a oentrlfuge cone of suitable s1ze, dependlng upon the‘amount of asbed materi-
al. The final acid concentration shoulo not exceed 1 N and may be as’ low as’

C. Ol N provided that preclpltatlon does not oceur, Wlth flve mllllgrams of
carrier, the flnal solution Volume may be as. great as lOO ml and stlll glve
excellent Tecovery. | |

The solution in the centrifuge cone is next treated w1th hydrogen sulflde
gas\tosaturatlon° After allow1ng the solutlon to stand for a. short tlme, the
oone is centrifuged and the supernatant liquid dlscarded.h,The.pre01p1tate.1s‘
_washed by resuSpendlng in water; etec. . |
The precipitate is dlssolved in a minimum of concentreted nltrlc acid ulth

Hslight heating, and transferred to an electroplate cell contalnlnggzp-ml of»a
. solutlon”msde un to'hevO,2‘N in nitric and 0.7 N in_sulfuricﬁacid} Electroplat-

ing is ‘carried out at 0.1 amp. for three hours.®

* Procedure devised by Mary Ann Danielson, Donner Laboratory,iUniv. of Calif.
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Silver: The ashed material is dissolved in dilute hydrochloric acid and trans-
ferred to a centrifuge cone containing five mllllcrams of sllver as the nltrate
unless thls amount of carrier has been added before ashlng In the latter case,
the ashed materlal w111 not be completely soluble due to the presence of silver
chloride, phosphate, etc., and it w111 be necessaryvto trensfer the incompletely
dissolved material to the centrifuge cone_and then'to wash the:ashing vessel
with concentrated ammonium hydroxide if all the active'silver is to be recovered.

»-Encess ammoninm'hydroxlde is then added in order'to/dissolre:the precipi—
tated silver salts and allow the active s11ver to become mlxed with the carrler.b
If much inorganic ash is present it may be difficult to observe the point at
which the silver is dissolved,ldue to the simultaneous_precipitation of,phos-
phates, etc; In such a case, an indicator changing color between H 9 end 10
may convenlently be employed; otherwise excess ammdnie may be determined by
odor After addition of excess ammonium hydrox1de, the solution is reacldlfled
untll it 1s about 0.1 N, followed by centrlfuglng ‘The supernatant is discarded,
the pre01p1tate redlssclVed in ammonlumvhydrox;de and{reeprecipitated with
hydrochloric acid, as above, o |

The precipitate is then dissolved in 2 ml of 5rpercent.potessium cyanide

solution end transferred to an electrodeposition celltconteining 5 ml of”l N
sodium hydroxide, or alternatively, the sodium hydroxide and potassiUm cyanide
nay'be combined and the precipitate dissolved in lb ml'O.SJN and 1 percent
respectively, etc. The final volume in the electroplate cell should .be 20 to
25 ml. Electrolys1s is carried out at 0.1 to O. 2 amp° or more for one to two
‘hours. On platinum cathodes the electroplatlng-procedure dep081ts between 98
and 100 percent of the silver. | |
EiEEi_ The- ashed material together w1th 5 mg of carrler, should be transferred
w1th dllute hydrochlorlc ac1d to a centrifuge cone, end the resulting solution

adjusted to between pH 3 and 4 using ammonlum hydrox1de~and methyl orange
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indicator- The solutlon should remaln clear, but 1f a preclpltate does appear,
dllute hydrochlorlc ac1d may be added untll the solutlon clears up prov1ded that

the pH 1s not too greatly lowered The solutlon is next saturated w1th hydrogen

e a—,r._—.-

LN

sulflde, allowed to stand several mlnutes to allow cohplete nre01p1tat10n of
121nc sulflde, oentrlfuged ete. o I |
| » The resulting washed preclpltate is dlssolved 1n‘nitr1c acld tahlng care
_hthat any elemental sulfur which may be formed elther remalns flnely d1v1ded or
. 1s completely dlssolved by the ac1d It has frequently been observed when dls—-
. solv1ng sulfide precipitates. in nltrlc acid, with the centrlfuge cone in a b01l-
- ing water bath, that a pellet of sulfur forms whlch is dlfflcult to dlssolve and
whlch probably contains appre01able amounts of the de51red.element Heatlng‘to
‘ accelerate solution of the prec1p1tate is therefcre not recommended o
The zinc nitrate solution is then transferred to an electrodeposltlon cell
contalnlng 10 milliliters the same alkaline cyanide solutlon as is used w1th
51lver, and electroplated under the same conditions of volume, current and time.
Mercury' Although very llttle work has been carrled out w1th mercury in this
laboratory,. procedures for use w1th 1t are 1ncluded here to serve as a ‘guide for ...
other 1nvest1gatorso Three pos31blllt1es are open,bnamely, preclpltatlon of the
sulfide under conditions similar to those employed w1th 21nc, prec1p1tatlon of v
the chlorlde in the presence of excess chlorlde after reductlon with hydroxyla-
mine; and reduction to the metal using stannous chlorlde, phosphorus or hypo—
phosphorus a01d. o |
The last named method has been‘successfullyvused-on souebpileeactivated ash

samples,tanduthe‘recovered'mercurthas'electronlated on nlatinum planchets. It .
was found, hewever; that the thin film of hercurybyoltalized 50 rapidly.even
when given a sulfilde coatlng, that satlsfactory radlometrlc determlnatlons and
_decay curves could not‘be-obtalned It 1s suggested that the precipltated

chlorlde or metal be alssolved in & minimum of n1tr1c ac1d and transferred to a
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plastic counting cup° The cup and contents'may then be placed in a suitable
: chamber and exposed to an atmOSphere of hydrogen sulfide ‘The‘sample”shouldvbe'
dried at a low enough temperature to prevent ox1dation of the. sulfide by the '
remaining nitrate Alternatively the same procedure may be followed omitting
hydrogen sulfide, but taking care not to volatize the mercury salt upon drying.
Iron: Huff's modification of Peacock‘s method for iron5 3‘gives very satisfac-
tory results. In this procedure the ashed material containing ten milligrams of
carrier is precipitated twice withvsodium hydroxide in-a.centrifuge cone ;The
supernatant 1iquids are discarded and the preCipitate lS dissolved in a minimum
of concentrated hydrochloric acid. The resulting solution is. transferred directly
to an electroplate cell containing 35 ml of a plating solution which is made up
-With one part of saturated oxalic acid plus five parts of saturated ammonium .
oxalate.. Plating is carried out at 0.8 amp. (on 1-1/2—inch planchets) for one
to two hours. R

| Sincerthe.procedure outlined above does not eliminate the principal jons
which interfere with the electroplatingvof'iron,-it is'questionable<whether the
prec1pitation with sodium hydroxide serves any purpose other than the elimina—‘
tion of excess acid. Because of the rresence of large amounts of interfering
anions such as phosphate, urine and feces samples cannot be satisfactorily de-
termined by this procedure. No rapid method for separating iron from phosphate
- had been deVised before this investigational work was discontinued
Cobalt: The ashed material andfcarrier are dissolved and transferred toia.oen-
trifuge cone as outlined above. The resulting solution is then preCipitated
with concentrated ammonium hydronide containing ten percent hydroxylamine hydro-
chloride After centrifuging, the supernatant liquid is transferred to an
electrodepOSition cell ~The remaining precipitate is dissolved in hydrochloric
acid and then reprecipitated twice more. The three supernatant solutions are

collected in the cell and electroplated at about 0.4 amp. for two to three hours.
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Although several procedures have been investigated, no method for sharp
separstion of cobalt from ash salts has been found. The ammoniacal extraction

is satisfactory, however, but somewhat time-consuming.

SUMMARY

A relatively inexpensive apparatﬁs for the simultanecus electroplating of
‘up to twelve samples is described.

Varioﬁs kinds Qf cathodes are listed, together with‘tﬁeir special applica-
tions and methods of preparation for use.

A general discussion of the nature of solutions of ashed bilologic material
is inqluded, together with a discussion cof thé use of cearriers.

A brief outline is presented of procedures for use with copﬁer,_silver, -

zine, mercury, iron and cobalt.
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