
>-w 

Ill 

I I 
' 

UCRL-932 

_J 
• w 
~ 

~ 

UNCLASS~FIED 

0:: .. .. ···-

,W 
m 
I 
<( -z 
0:: 
0 
LL 
_J 
<( 
u 
LL 
0 

>-
~ -
(/) TWO-WEEK lOAN COPY 
0:: 
w This is a library Circulating Copy 

> -z 
:J 

which may be borrowed for two weeks. 
For a personal retention copy, call 
Tech. Info. Diu is ion, Ext. 5545 · 

RADIATION LABORATORY 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



'~\·'' ,. 

·,·, 

UNIVERSITY OF CALIFORNIA 

Radiation Laboratory 

Contract No. W-7405-eng-48 

UCRL-932 
Unclassified Distribution 

Recovery and Estimation of Radioisotopes from Biologic Materials 

II. The Electroplating Apparatus. Procedures for Copper, Silver, 

Zinc, Mercury, Iron and Cobalt 

Rayburn W. Dunn 

September 27, 1950 

'. 

Berkeley, California 



Unclassified Distribution 

-2-

INSTALLATION Number of Copies 

Argonne National Laboratory 
Armed Forces Special Weapons Project 
Atomic Energy Commission - Washington 
Battelle Memorial Institute 
Brush Beryllium Company 
Brookhaven National Laboratory 
Bureau of Medicine and Surgery 
Bureau of Ships 
Carbide and Carbon Chemicals Division (K-25 Plant) • 
Carbide and Carbon Chemicals Division (Y~l2 Plant) 
Chicago Operations Office 
Collimbia University (J. R. Dunning) 
Columbia University (G. Failla) 
Dow Chemical Company 
H. K. Ferguson Company 
General Electric Company, Richland 
Harshaw Chemical Corporation 
Idaho Operations Office 
Iowa State C allege 
Kansas City Operations Branch 
Kellex Corporation 
Knolls Atomi.c Power Laboratory 
Los Alamos Scientific Laboratory 
Mallinckrodt Chemical Works 
_Massachusetts Institute of Technology (A. Gaudin) 
Massachusetts Institute of Technology (A. R. Kaufmann) 
Mound Laboratory 
National Advisory Committee for Aeronautics 
National Bureau of Standards 
Naval Medical Research Institute · 
Naval Radiological Defense Laboratory 
New Brunswick Laboratory 
New'York Operations Office 
North American Aviation, Inc. 
Oak Ridge National Laboratory 
Patent Branch - Washington 
Rand Corporation 
Sandia Corporation 
Santa Fe Operations Office 
Sylvania Electric Products, Inc. 
Technical Information Division (Oak Ridge) 
Armament Division, Deputy for Research and Development 

(Capt. Glenn Davis) 
Assistant for Atomic Energy, Deputy Chief of Staff 

(Col. Robert E. Greer) 
Chief of Documents and Disseminations Branch (Col. J. E. Mallory) 
USAF Assistant for Research Director of Research and Development, 

Deputy Chief of Staff (Col. B. G. Holzman) 

8 
1 
2 
1 
1 
4 
1 
1 
4 
4 
1 
1 
1 
1 
1 
3 
1 
1 
2 
1 
2 
4 
3 
1 
1 
1 
3 

,1 
3 
1 
2 
1 
3 
1 
8 
1 
1 
2 
2 
1 

15 
1 

1 

1. 

1 



Unclassified Distribution 

·-2a-

.INSTALLATION Number of Copies 

Electronic Systems Division (Mr. E. C. Trafton) 1 
Chief of Scientific Advisors (Dr. Theodore ~on ~arman) 1 
USAF, Eglin Air Force Base (Major A. C. Fieid) · . 1 
USAF, Kirtland Air Force Base (Col. Marcus F. Cooper) 1 
U~AF~ Maxwell Air Force Base (Col. F. N. Moyers) 1 
USAF, NEPA Office 2 
USAF, Offutt Air Force Base (Col. H. R. Sullivan, Jr.). 1 
USAF Surgeon General, Medical Research Division (Col. A. P. Gagge) l 
USAF~ Wright-Patterson Air Force Base (Rodney Nudenberg) 1 
U·. S. Army, Atomic Energy Branch· (Lt. Col. A. W. Betts) 1 
U~ S. Army, Army Field Forces (Captain James Kerr) 1 
U. S. Army, Commanding General, Chemical Corps Technical Command . 1 

(Col. John A. MacLaughlin thru Mrs. Georgia S •. Benjamin) 
U. S. Army, Chief of Ordnance (Lt. Col. A. R. Del Campo). 1 
U. S. Army, Commanding Officer, Watertown Arsenal 1 

(Col. Carroll H. Deitrick) 
U. S. Army, Director of Opero.tions Research (Dr. Ellis Johnson) 1 
U. S. Army, Office of Engineers (Allen 0 1Leary) 1 
U. S. Ar.my, .Oi'fice of the Chief Signal Officer 1 

(Curtis T. Clayton thru Maj. George C. Hunt) 
U. S. Army, Office of the Surgeon General {Col. W. S. Stone) 1 
U. S .• Geological Survey (T. B. Nolan) 2 
U. S. Public Health Service 1. 
University of California at Los Angeles 1 
University of California Radiat~on Laporatory 5 
University of Rochest~r . 2 
University of Washington 1 
Western Reserve University 2 
Westinghouse Electric Company 4 
R., F. Bacher, California In'stitute of Technology) 1. 
Cornell University 1 

Information Division 
Radiation Laboratory 
Univ. of California 
Berkeley, Ga;tifornia 

Total 140 



UCRL-932 
Unclassified Distribution 

Recovery and Estimation of Radioisotopes from Biologic Materials 

II. The Electroplating Apparatus. Procedures for Copper, Silver, 

Zinc, Mercury, Iron and Cobalt 

Rayburn W. Dunn 

Division of Medical Physics.ll Donner Laboratory 
Radiation Laboratory, Department of Physics 

University of California, Berkeley, California 

September 27, 1950 

. 1 2 . 3 
Following the work of Ross and Chapin, Hahn, and others with radioactive 

. iron, a considerable number of procedures have been developed for the preparation 

of thin metallic films by means of electroplating. Inasmuch as particular inter

est has been shown in the 12-cell electroplating equipment which is currently 

being used in this laboratory, it seems advisable that the apparatus should.be 

described in detail. In view of the large number of individual radioactive 

samples which had to be prepared in carrying out our investigational work, pur

chase of several of the 2 or 4 cell units which are commercially available was 

considered uneconomical. In consequence, a relatively inexpensive apparatus was 

constructed which would plate up to 12 samples simultaneously. 

Most of the work in this laboratory has been concerned with the recovery of 

4 . 5 6 
cobalt and J.ron. ' However, procedures for additional elements have been· 

7,8 9 
worked out for use in activation analysis and distribution studies, and 

these are reported herewith. Methods of ashing samples prior to separation of 
10 

the pure elem~nts, are to be reported elsewhere. 

Electroplating Apparatus. The electrodeposition assembly which was previously· 
11 

described by us has been completely redesigned; individually speed-controlled 

anode stirrers have be.en eliminated, and separate anod_e:..cathode current and 

voltage controls have been incorporated. Furthermore, a radically different 

anode has been devised. The electroplating cell, Fig. 1, has been modified to 
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permit plating on either l-inch or 1-1/2-inch diameter planchets.. The diameters 

of the plated areas are 13/16 inch and 1-1/4 inch respectively; either area may 

, be plated op .l-l/2-inch plan~hets. 
· "''·.f.' I ... ·:,_~·:·' ~ · •, .• ~., ~ ~· · ,r· •· 

As il~ustrated in Fig. l.ll the a,dapter ring 
,·, . ;. . -... 

l. ,. 

is in place for plating the smaller area. With this ring removed, together with 

the l-inch gasket and constricted glass cell, a straight 1-1/2-inch glass cy.linder 

I 

.and gasket may be substituted for plating the larger area, as illustrated in Fig. 

3. 

Fig. 2 shows the complete apparatus and Fig. 3 one electrodeposition cell; 

and alongside, one anode. A plywood frame supports the motor and brass tube. 

The electroplating cells rest on the box enclosing the electricalcircuit. 

Twelve 1-1/4-inch holes are cut in the top of this box directly,under the anodes 

when they are in the disengaged (left) position, 'in order to facilitate removal 

of the anodes for cleaning. A fan has been mounted at the back for venting such 

gases.ll as ammonia, chlorine, cyanide, etc. Lucite doors have been provided for 

easy access to the electrolysis cells. 

The shaft and worm gears are housed in a l-inch x l"'inch, square brass tube, 

56 inches long. Twelve brass blocks are spaced at 4-inch centers to hold the 

individual worm gears and anode collets and to serve as shaft bearings. An 

additional block is provided at each end of the shaft, and a roller bearing is 

incorporated at the motor end. The top and bott'om; as well as the outward face 

of the square tube, are so cut that each of the.l2 bearing blocks may be inde"" 

pendently moved to engage or disengage the worm gear and the shaft worm. A set 

screw is attached to eac):l in order to fix this posit ion as desired. Fig. 4 shows 

the deta:lls of the brass block and gear assembly. 

The l/20th H.P. fan motor, obtained from radar surplus, rated at 1700 

r.p.m., is connected by means of a vacuum-cleaner belt to the shaft in the ratio 

of 1 to 2. The worm=worm gear ratio is 10~1. · The resulting anode r.otation is 

thus approximately 350 r.p.m. 



-5- UCRL-932 

The collets shown in Fig. 4 are made from steel tubing, and are designed to 

take a 1/8-inch diameter anode rod. As first used, the platinum anode was fixed 

in 4 mm glass tubing with collets of suitable diameter. These. anodes were con-

tinually being broken and had to be replaced. Since a sturdier type of anode 

was required, it was decided that the flat spiral of platinllin wire (5 inches 

long x 0.052-inch diameter) could readily be welded to one end of 1/8-inch diam

eter wolfram rod which had been countersunk 1/16-inch deep with a 1/16-inch 

diameter counterdrilL Chemical attack of the latter would be negligible. An 

8-inch length of this rod was far less expensive than the cost of the previous 

glassblowing procedure plus provisions for anode electrical connections. Experi-

ence has now shown that the W-Pt anode, shown in Figs. l.and 3, ~s ideal for use 

in this apparatus and for this type of work. 

The electrical 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 either the 0 - 100 rna. or the 

0 - 1 \amp. scale. The anode-cathode distance, and hence the resistance between 

them, can be varied from about 1/4 inch to 1-1/2 inches or more, as desired. 

Four units, as described above, were built for use in our laboratories. 

Two of these have seen continuous use for a period of about .three years, and one 

of 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 11 trueness 11 of the brass tube. The latter should be carefully checked before 

assembly. Over eight thousand electroplated samples have been prepared with 

these units. 

Cathodes. Three types of cathodes have been used with· this apparatus, n·amely, 

copper, gold~plated copper, and platinum. In general,· the thickness of these 



planchets is 0.002 inchj but this is not critical; thicker planchets must be 

used in the l-inch diameter size when samples are prepared which are to be 

counted in Tracerlab 1 s Automatic Counter.* 
·"' - 1 . ! ~ . - :_ '. ._, ..... 

Although cathodes of other metals may sometimes be required, the ones 

listed will do for nearly all routine work. ·· If the cathode deposit is to be 

weighed~ platinum planchets should be used; however~ gold-plated copper may be 

substituted for platinum in such a case, provided that the electrolyte does not 

dissolve appreciable amounts of copper. Experience in this laboratory has shown 

that the gold plate does not give perfect protection of the copper, but that 

under the usual conditions of use the copper attack will be small enough to allow 

a satisfactory gravimetric determination of the electroplated fil,m, if needed. 

In.plating uranium as uranous f:luoroide or oxide it is customary to calcine 

it to U3o8• 
12 

the deposit in order to convert Under these conditions, and also 

.when it is necessary to recover the deposit quantitatively and pure; platinum or 

gold should be used. 

All three types of cathode may be cleaned by immersion in the usual dicro-

mate-sulfuric acid cleaning solutionj with the precaution that the copper and 

plated copper not be allowed to remain in contact with this solution any longer 
~ 

than necessary. After removal of the excess cleaning solution, the planchets 

are rinsed with hot tap water as vigorously, rapidly and completely as possible. 

After rinsing in distilled water, each planchet should be dipped iri acetone and 

allowed to dry. An acetone dip should also be employed after electroplating. 

The anodes should be cleaned in a similar fashion, although the acetone rinse is 

not considered necessary. 

Electroplating and Electrodeposition. A general discussion of electroplating 
. . . 

and electrodeposition for radioassay is to be found in Siri 1 s recent publica-
13 

tion. This discussion will be of aid to those who desire to work out new 

* Tracerlab, Inc"j 130 High Street~ Boston 10, Mass. 
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methods for recovery and estimation of radioisotopes by the electrolytic proce-

Procedures for Use with Copper, SilverL.Zinc, Mercury, Iron and Cobalt. All or. 

nE}arly all inorganic analytical procedures for use with biologic materials are 

preceded by ashing. In view of the importance of ashing methods per se, these 
10 

methods are to be reported separately. 

In general,~~ the inorganic salt solution obtained after ashing will be 

rathei:> strongly acid and may contain relatively large amounts of calcium, mag

nesium, sodium, potassium, sulphate, phosphate, etc., in comparison with the 

element or elements to be determined. The carrier element is usually added 

before, during or after ashing, depending upon the convenience of the operator. 

Whenever it is possible to weigh the final electroplated material, and thus 

have a measure of the amount recovered, the carrier should be added before ash-

11 
ing ., The recovery and estimation of gold is an example of the latter proce-

dureo 

The amount of carrier which is to be used varies between one a!ld ten milli-

grams and will depend upon the method of. separation employed, the area electro

plated (with reference to self-absorption), and upon whether or not a final 

gravimetric determination, is to be made. Five milligrams . of carrier, plated on 

one~inch. diameter planchets, and weighed to the nearest 0.1 milligram is the 

generai rule. Taking into consideration the fact that there is usually a small 

weight loss when gold-plated copr;er cathodes are used, the error involved in 

following such a gravimetric procedure will usually be less than plus or minus 

five percent, which is quite satisfactory for this type of work. 

Whenever the amount of ashed material is low, eog., ·one to ten milligrams, 

a separation procedure prior to electroplating may not be necessary, and this is 

particularly true if the element is electroplated from· an acid solution.' How-

ever, since an alkaline condition nearly always exists within the cathode 
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boundary, the presence of'inorganic ash salts often leads to the production of 

.an inferior plate due t'o incl~sion of some insoluble material .,with ,the metallic 

deposit.. Whenever this occurs the pl~te will not firmly adhere~ ___ Furtherrnor~e, 
··,-~,:.~_J ...... r~ ·~ •1 ·'! .•.. r •' 1'\,, -~· t·· '.· ....... : ~ r, .. :,·.:-... ~~ lt,'l,~-· ,. ~·!,[', ;\~~-·~i-

quantitative recovery under these conditions is frequently impos~ible. 
. . -~ . 

All the procedures which follow include a separationb~fore electropl~ting. 
Whether this procedure is followed, however, will depend U:pon the judgment of 

the operator. Inasmuch as each of the methods is based upon accepted.arialytical 

procedures, no quantitative data are presented. 

Copper: With five milligrams of carrier copper present, the ashed _material is 

converted to the choride by the addition-of excess concentrat~d hydrochloric 

acid and evaporation nearly to dryness if a nitric acid- digestion has been used, 

although complete removal of nitrate ion is not essential. If a sulfuric acid 

.digestion has been employedj the excess acid must be fumed away. The resulting 

chloride or sulphate ash is dissolved in dilute hydrochloric acid_and transferred 

to a centrifuge cone of suitable size, depending upon the amount of,ashed materi

al. The final acid concentration should not exceed 1 N and.may. be as low as 

0.01 N provided that precipitation does not occur, W_ith five 'mi:).ligrams of 

carrier, the final solution volume may be as great as lQO, ml and still give 

excellent recovery. 

The solution in the centrifuge cone is next treated .with:hydrogen.sulfide 
': : .·· 

gas to saturation. After allowing the solution to stand for a. short time, the 

<?one is centrifuged and the supernatant liquid discarded. , The pr~cip'itate is 

washed by resuspending in water, etc. 
• j -- . l ~ " 

The precipitate is dissolved in a minimum .of concentratE)d nitr_ic acid with 

sJight heating, and transferred to an electroplate cell containing_20 ml of a 

solution made up to be 0.2'N in nitric and 0.7 N in sulfuric acid. :lnect:r:oplat.., 

ing is carried out at 0.1 amp. for thre'e hour's:* 

* Procedure devised by Mary Ann Danielson, Donner Laboratory, Univ. 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 milligrams ofsilver as the nitrate 

unless this. amount of carrier has been added before ashing: In the latter case, 

the asbed material will not be completely soluble due to tpe pres·ence of silver 

chloride, phosphate, etc., and it will be necessary to transfer the incompletely 

dissolved material to the centrifuge cone and then to wash the ashing vess·el 

with concentrated ammonium hydroxide if all the active silver is to be. recovered • 

. Excess ammonium hydroxide is then added in order to d:i.sso.lve the pr~cipi

tated silver salts and allow the active silver to become mixed, with the carrier. 

If much inorganic ash is present it may be difficult to observe .the point at 
which the silver is dissolved, due to the simultaneous precipitation of phos

phates, etc. In such a case, an indicator changing color between pH 9 and 10 

may conveniently be employed; otherwise excess ammonia may be determined by 

odor. After addition of excess ammonium hydroxide, the solution is r.eacidified 

until it is about 0.1 N, followed by centrifuging. The supernatant is discarded, 

the precipitate redissolved in ammonium hydroxide and.re-precipitated with 

hydrochloric acid, as above. 

The precipitate is then dissolved in 2 ~1 of 5 percent potassium cyanide 

solution and transferred to an electrodeposition cell containing 5 ml of 1 N 

sodium hydroxide, or alternatively, the sodium hydroxide and potassium cyanide 

may be combined and the precipitate dissolved in 10 ml 0.5N and 1 percent, 

respectively, etc. The final volume in the electroplate cell should be 20 to 

25 ml. Electrolysis is carried out at 0.1 to 0.2 amp. or more for one to two 

hours. On platinum cathodes the electroplating procedure deposits between 98 

and 100 percent of the silver. 

Zinc: The·ashed material together with 5 mg of carrier; shouldbe transferred 
' . 

with dilute hydrochloric acid. to a centrifuge cone, and the resulting s.6lution 

adjusted to between pH 3 and 4 using ammonium hydroxide and methyi orange 
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indicator,. The. solution should remain clear, but if a precipitate does appear, 

dilute hydrochl.oric acid may be added until the solution clears up provided that 
..... 

the P,H is .not ~oo greatly lowered. The solution is next saturated with hydrogen 
·~ ' ( .- ' ''•' •• > - • ' .,,.;, "', ~.- ••• - ,., ", 1·.' ~\~~.,." .. ~ ... -·.'· .···.!i_. ...: . -~··l':· ... ;\ ·'· ... !: .. ·-: ., 

sulfide~ allowed to stand several minutes to allow complete precipitation of 

zinc. sulfide~. centrifuged, etc. 

The .resulting washed precipitate is dissolved in ri:l.tric acid, taking care 

that any elemental sulfur which may be formed either remains finely divide~, or 

is completely dissolved by the acid. It has frequently been observed whe!l dis-

solving sulfide precipitates in nitric acid, with the centrifuge cone in a boil-

ing water bath~ that a pellet of sulfur forms which is difficult to dissolve and 

which probably contains appreciable amounts of the desired element. Heating to 

accel_erate :?Olution of the precipitate is therefore not recommended. 

The zinc nitrate solution is then transferred to an·electrodeposition cell 

containing 10 milliliters the same alkaline cyanide solution as is used with 

silver, a.nd electropiLated under the same conditions of volume, current and time. 

Mercury~ Although very little work has been carried out :with mercury in this 

laboratory, procedures for use with it are included here to serve as a guide for. 

other investigators. Three possibilities are open, namely, precipitation of the 

sulfide under conditions similar to those employed with zinc; precipitation of 

the chloride in the presence of excess chloride after reduction with hydroxyla-

mine; and reduction to the metal using stannous chloride; phosphorus or hypo-

phosphorus acid. 

The last named method has been successfully used on some pile-activated ash 

sarriples~·apd.the. recovered mercury was electroplated on platinum planchets. It 

was found, however~ that the thin film of mercury voltalized so rapidly even 
. . . . 

when given a sulfide coating,)) ·that satisfactory radiometric determinations and 

decay curves could not be obtained .. · It is suggested that the precipitated 

chloride or metal be dissolved in a minimum of nitric acid 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. should be. 

dried at a low enough temperature to prevent oxidation of the sulfide by the 

remaining nitrate. Alternatively the· same procedure may be follow~d omitting 

hydrogen sulfide, but taking care not to volatize the mercury salt upon drying. 

Iron( Huff 1 s modification of Peacock 1 s method for iron5' J gives very s,atisfac-

tory results. In this procedure the ashed material containing ten milligrams of 

carrier is precipitated twice with sodium hydroxide in a ~ep,trifuge cone. The 

supernatant liquids are discarded and the precipitate is' dissolved in a minimum 
. ' ' 

of concentrated hydrochloric acid. The resulting s.olution is transferred directly 

to an electroplate cell containing 35 ml of a plating $Olution 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-l/2-inch planchets) for one 

to two hours. 

Since the procedure outlined above does not eliminate the principal ions 

which interfere with the electroplating of iron, it is questionable whether the 

precipitation with sodium hydroxide serves any purpose other than the elimina-

tion of excess acid. Because of the presence of large amounts pf 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 and carrier are dissolved and transferred to a cen-

trifuge cone as outlined above. The resulting solution is then precipitated 

with concentrated ammonium hydroxide containing ten percent hydroxylamine bydr·o-

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 

separation of cobalt from ash salts has been found. The ammoniacal extraction 

is satisfactory~ however, but somewhat time-consuming. 

SUMMARY 

A relatively inexpensi>:e apparatus for the simultaneous electroplating of 

up to twelve samples is described. 

Various kinds of cathodes are listed, together with their. special applica-

tions and methods of preparation for use. 

A general discussion of the nature of solutions of ashed bioJogic material 

is included, together with a discussion of the use of ce.rriers. 

A brief outline is presented of procedures for use with copper, silver, · 

zinc, mercury, iron and cobalt. 
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