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• QUANTITATIVE ELECTROPLATING OF URANIUM FOR JSOTOPIC ANALYSIS 
. i - -----

using 

NIeI"EL Ar T' MONEL AS BASE HETALS 
---

The preparation of a quantitative, uniform, adherent film of 

uranium is one of the most important steps in the alpha and fission 

counting methods of isoto~ic a.nalysis of uranium. V:hen this rcsenrch 

was undert 1.ken a method malM.ng electroplated films with platinum as 

the 'ua se metal was in use. However, it vm.s imnossible to electro-

plate cons~stently a film of uranium thick enough to facilitate 

ra;:>i J. coul":dng ~~'1d still be adherent. This report deals v.'ith the 

investiration of other metals Rnd the conditions necessary to obtain 

heavy, uniform, adherent, quantitative films for the counting 

methods of isotopic analysis. 

An efficient multiple plating unit v.'as designerl for electro-

~lating films vlith ee.se and a minimum of attention, "Ihile maintain-

ing the standards of constant area and position of film, temrerature, 

current donsi ty r. '1d sneed of stirring. The characteristics of a 

good e)ectrodf)pC'~it were defined e.s well as the techniques for 

determininG the \.uality of a film. Gold, silvE) ',-. copp<-r, aluminum, 

monel and nic)rel v[o re inv()sti~ated as a base mp "b. l to be substituted 

for platinurr. , ('.1' these metals, monel and nich,:_ r ro';( ~1 far superior 

to the ot''1ors ar.-:. Fen inves ' igation of the clectl'oplatl:_g conditions 

was made for tho 3e metals • Although it ,'ras found tha.t different 

surface rouGhnes ses had a significant cff€'ct on the quality of the 

elc ctrodcposit, the cold-rolled nicycl and monel surfac.e s vmre 

satisfactory to give reproducible results. Various methods of 
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• cleanine this cold-rolled nickel or monel surfact;, degreasing, electro-

polishing, alkaline cleaning, acid treatment, and use of abrasivE!s rlere 

tried. Of these methods the simple degreasing technique proved to be 

the mOst satisfactory. 

An entire series of alrumnium salts of various concen tra tbn s was 

tried as electrolytes. Several proved sa tisfactory, but none V·!RS sUf'er-

ior to arrull:)nium oxalate, the elec tr:)lyte originally selected. The electro-

lysis variab}.es of temperature, c urrer,t density, speed of stirring and 

time :)f plat~"ng were studied. As a result a ternpergture of cOo C., a 

currenJ
-:, of 3, D amp8i~es, a stirring speed of 500 r.p.m., and a. 50 minute 

• 
electrvlysis were E.:elected. iSter c;:usidering tLe ele c t.:--oplR ti ng solution 

variables, 6.0 miliimoles of alfJTt·:)nium oy..alate in a platin<7 solution of 40 

ml and an in~Ual pii value fr:)ffi 2.0 ::'0 S',O v;ere found to give go:)d qual-

ity electrodRposits. The rate of resolution of the electndeposit in the 

residual plating solution was negligible. The ignition of a series of 

films at differen t temperatures and for different lengths of time sho'wed 

that a temperaturE: from 4250 to 5250 C from 10 b 15 minutes to be satis-

factory. The add:i"~,ion of relatively large amounts of a nurnbc: r of mdallic 

impurities had lit U. E:. effect on the quality of the e lectrodeposit. Since 

only traces of th c<.3 metals occur in our plating r:;.)luti3!1s, they have no 

significant effect. 

Good precisio:'d by tids electroplating methoc ~"s ot "Ained. A car\::-

fu1 investig9 br :b ablE t::> ob tain a standc;rd dev~ ti::>,'l :, f 0.15% or 1e ss 

as the error in tf>6 pre para tion of a single film. Films made by opera-

tors had a standard deviation of 0.25% for 1337 samples of normal 

• uranium plated in duplicatE: froIn September through Dec "::. ',l.",r, 1945. A 

similar numb,:!' of films pIa ted during the first 6 montb '; of 1745 h.:ld {l 
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standard deviation of 0.18%. The majority of this increase in error 

is proba.bly due to error in pipetting the aliquot of uranium. 

This report covers the r:J.tiler extensive investigation of tht: quanti

tative electropla ting metnod, The nppnratus and procedure are given first 

followed by the ch'lrncteristics of a good film~ A section on the selt)c

tion of the be.se metal along with effects of surface roughness ~.nd r.1ethods 

of cleaning folloVis. A comprehensive investigation of electrol,ytGs, 

electrolysis and pleting sol-dion vari:lbles is then giv en. ThE; last 

section der.J. 5 Vii th the ignition of the fi 1[[, :md effect of tlckllic 

imp uri ties • 
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APPARATPS MW p?OCEDrRE 

The npD~rntus nnd procc~ure usod in this investigntion nrc in 

princi[JIG tho snmo as reported by Cohen r.nd Hull*." A multiple plo.t-

ing unit has been designe d nnd certain changes nnd imorovements have 

be e n mr.ce in tho cell r.ssombly to give grantor precision !:tnd morc 

rnpid opcrr,.tion. Nickel nnd monel have b oon used as the bn so metnl 

instoa d of p l e tinum, nnd tho e lectroplating conditions nltc r c> d to 

give an excellent o lcctrodcnosit on these base metals. 

The t"ultiple Plnting Unit. 

Tho multi'Jlc plating unit is shown in Pln. tos 1, 2 find 3. The 

framework is constructed from dun:, lurlinum finished vri th black 

crackle pf'.int. The motor drive s th" four pulleys by mc r.ns of a n 

endless dental b e lt. The shield which cov~rs tho ou11 e: r8 nnd belt 

he. s b een r emoved. These pullo;rs in turn drive t hr. stainle ss stGc l 

shaft nnd 91r.tinum r~nod(-' . 'Whe n the shc.ft Js i n the lowe red nosition 

c, s shovm by tho bra c011s on the right, the brass 9ioeo, A, sorvos 

to drive the shs.ft, a t.hin rubber ~a skct, E, furnishing the nece ssary 

friction. Thi s brr.ss picco ca n be moved ~t long tho stainless ste el 

shr.ft pormittinr; ndjustmcnt of tho anodo hc i gltt. ,rrh e n the shrift 

is he Id in t he r f ised position b y the spring clip P, it is froe ' . 

from the pullc~ an d do c s not turn. This ~rrRngemnnt pnrmits the 

usc of one or morc c () lls vdt~out influence on the othors, n definite 

a dv PLntagc which 1,'rill be come appe,rcnt ii/hen the f.' lectroplr.t:i.ng pro-

ecdurc is discussod. 

*Cohc!1., E. nnd Hull, D. E., The Counting Pe thod of Isot.opic Analysis 
of Uranium, Pnrt II--Propnration of Films by Elcctrorl nt~ng; A-1235: 
png,o Z, (1 9<11). 

, 
~ 



Plate 1. Top-front View of i! .... uHipl e Pla ting Unit 
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Roforring to Pl~te 2, the bcnrin~ housing, C, contains n b &ll 

bc~ring nt tho bottom nnd one nt the top into which tho pulley is 

pre ss-fit.ted. Should Co benring i'D.il, it is nn c; nsy mntter to re

move the br nring housing nnd rmlley ns n unit by unscrowing the 

coll re r. D, Rnd substituting r, different unit. This rp,oid chp.nge 

~llows the de fective hcnring to be repaire d fit leisure without 

removing the entire multiple pll'.ting unit from service . This 

s nme quick chr.nge foature is nrescnt in tho hot 'Jlate s where re

moving 4 13crov!s nllo\,Ts n c" ~ fective hot plate to be removed rmd 

nnothor substituted. 

The vriring dingro.m shown in Figura 1 is fl. simple circuit con

sis t ing of throe lOA12 f'.:!locritc tub E' S wired in pf"!.rnlle l, ''lith sv.-itch, 

fuse, nrrlJ!1r;ter, fl.nd voltmeter. A singl e voltmeter with soloctor 

switch is used to determino the voltnge drop a cross c ny ana coll. 

The f'.mnerite tubes s e rve to maintrd.n t.ho current nt. 3 ['.IDpc rcs during 

the course of the electrolysis while the resistance of the c oll 

cha nges. Plnte 3 shows the bRCk of the multiple nlnting un i t \, rith 

the nmperi t e tube s nnd wirin~ exposed. TvTO notnbl G f onture s con

cerning tho elcctricn l circuit n r e the method of mn~ing contnct with 

tho rotRting Rnode nnd the insulntion of the D. C. circuit. Contnct 

'wi th tho rotnting !'.node is nccomnlishod by mOfLr.s of 11 mercury rosor

'lair. A 1/8" halo drilled in tho top of c rtch stc.inless steel shaft 

to f'. depth of 3 inches is two-thirds fi lled 'wi th mercury, rtnd the 

mercury in turn is covered 1;'l~th oil. A nicJr.cl vrirc, M, is insorted 

so that it rests on the bottom of the hole . A smnll brf'.ss colle,r 

is p r o ssed into tho top of the 1/8" hole f'.nd fits t he nicke l v.'ire 

100 ~ e ly. Thi s co llar se rve s to p revrmt t.ho mo rcu ry from S11 lr. s hing 

out. 
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The brass piece 1J, adds sufficient weight t.o keep the nickGl wire 

seated firmly. Flexible test-lead wire joins the brass piece with 

the D.C~ source. The D.C ' ~ circuit is completely insulated by 

se ~')aratinr. the bearing housing and pulley from the frame of the unit 

with thin plasti~. The lower riece of plastic 0, oan be seen in 

Plate 2. 

From 6 to 8 of these, multiple platinr; units have bElen in con-

tinuous service, 24 hours ~or day, for the past 10 months. The 

unit takes u(l little space; it is efficient, runs quietly, and 

requires relatively little mEl.intenance'. 

The Electrop lating Procec.ure. 

To assemble the cell, PIEtte 4, a de~rco.sed nickel dislr, E, is 

placed in the smaller recessed arp.n of the stainless steel hase plate 

F, The molC:ad pure-gum rubber gE'lsket G, rinsed in dilute nitric 

acid and dried with acetone, is fitted around the Elass cylinder H, 

which has boon previously cleaned vlith chromic acid. The cylinder 

Rnd gaskot arc ~ositioned in the larger recessed area of the base 

plate, the diameter of the recessed area being, slightly larger than 

the outside diameter of the ru'bber gaslret. The cylinder is then 

held firmly and sectlrel~~ in l'"losition with four strone; ruhbnr bands,I. 

This nrrengemont gives a. constant film area ~nd centers the 

eloctrodcDosit on tho nic1<ol disk. ' Since the renge of r.lnhe. particles 

and fission ':JRrticlos I is small in i;.he e lectrodeoosited film, 11 to 

13 microns for alDha ~articles in U3 0S ' variation in thiclrness of 

the film will change the number of !=larticlcs escaping, to thE) out-

side to Droducc ionizRtion in tho nir and therefore chnnsc the 

s~ecific nct.ivity. Bocnuee of this solf-Rbsorption, it is 
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necessary to define the are a of the olectrodoposit. This is 

accol'1nlished in the o.bove a.rrl'.ngoment by selecting the glnss cylin

ders so the.t each hfl.s D. definite outside diameter, 60 "mm .I. 0.2 mm. 

Tho noldcd rubber gaskots all hnvo the same lip, and when slightly 

stretched over the gl a ss cylinder, they define the arOR exposed to 

electroplating which in this case is a~):>roximatoly 24 cm2 -r 0.18 cm2 • 

A cross-section of the rubb or gask9t is sho':m by the smoJ 1 picce J .. 

The asse mblod cell is clr:: 8.ncd with chromic o. cid for D. few 

sc:coDds, follovrc d by a thorough rinse with tap V'flter a nd distilled 

wc.ter. Most of the c:xperimental worlr emnloying nickol as the base 

metal vm s done without this chromic a cid rinse. It w~. s felt that 

it vm. s not essentia l £md indeed mi ght be harmful, for chromium 

lJ resont tends to re duce ~he count5.ng rate. Further t ho a cid may 

sta in the nickel surfnce, r) robabl;v cr..rbonaceous material, c e using 

peeling of the elcctrodAp osit on t hese s ta ined areas. 

Four millimoles of a mmonium oxa l Dte conveniently hnndled in the 

form of c. 0.4 l\~ solution is pipett e d into the clean a ss emb l e d cell. 

A lcno'wn quantity of u!' p.n ium in the form 0:' a ura nyl s ~~. l t in aqueous 

solution is the n ~?i potted or dispens e d from £'. v:e i f ht burett e into 

the cell. !Jitr[\tc , sulfa te, fluorid e , and acetf1.te solut i ens hp.ve 

b een used. Sufficie nt wa ter is added to t he cell b efore tho uranyl 

solution to adjust the tota l volume of the platinG solution to 30 ml. 

Tho c.sscmbled 0011 is r l n ced in the water bath D.t 80oe .• on the 

cell supnort IT. The p latinum anode L, is lowere d until the disk is 

belo'\'! tho top of th E.' g l a ss cylinder. ThE' cell is thon covore d "rith 

a s e t of s1?lit watch g lasses, not shown in Plp,te 4 but shovm in 



• 

• 

13 

Pla.tes 1 and 2, and the anode 'lovrered into the plating: solution. 

The hetght of the ~node disk is adjusted so that it is approxi

mD.tely 1 mm below the surface of the plr.ting solution. The anode 

is rotated about 500 r.p.m. A 'current density of 3.0 al!lperes is 

used for D. cell having n cross-sectional E'.ree. of 24 cm2 • 

The electrolysis is curried out for fifty minut.es with the vol

tage drop a cross the cell vRrying from 6 to 8 volts ~t the start to 

15 to 20 at the end, de~ending upon the temgerature of the bnth. 

The current is mnintnined !:"t 3.0 amperes by the am[Jerite tubes. The 

bath tempe rature is ma intdned beb'.'een 75 a.nd 85 dee;rees C. 

~::hen t.he electrolysis is co rrQleted, tho ,!!p,tch e;lr.sscs (l.re 

removed 8.nd, if the !l l utinG solution 1.s to be sf,ved ' for determinnti.on 

of residunl ur(',niur:1, C\ ~e rinsAd with v'nte r ['.nd the v:c.shings collected 

in (\ beaker. Approxi mate ly 60 ml of methyl nlcohol is ndded to 

the plr,t.ing coll. The nnO .8 is r a ised and the contents of the cell 

i1lffiodifl.tcly poured into 8. beal:er. The solution is discfHded unless 

f'?, residue is to be determined. The methJTl alcohol serves to dry 

the cel l raoidly, nnrticularly whon tho vapo rs are blown f!.wcy. 

The c e ll is dis r.ssembled and t.he nickel disk ignitnd for 10 

minutes at 4250 C. The resulting urrmium film is re edy for count-

i1'1. l; . 

In the r omf'. ino.cr of thi s report the e.bovo discl1sse'.l. procodt)rc 

will be refrwred to ps the "strmdrt rd orocodure", fI.nd nny vrri c.tion 

of conditions will bo indicated • 
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}$THODS EliTLOYED TO DETEPJUNE 0.UALITY OF ELECTHCPLATED Flu!~ 

A good quality olectro;:>lt'l.ted film he.s a bright metf,llic deposit 
~ 

chr..racterizcd by brillia.nt interference colors. Tho film thickness 

is uniform OVGr the entire o.rea, and y,hen viewed undor 108 dic,mctors 

the cloctrodeposit ap~o~rs uniform and continuous. The deposit is 

adherent to the base motul to such an extent thRt it co.nnot be re-

moved by rubbing hurd vrith Kleenex. Since the fundr,!ll<."ntc, l Droblem 

is to obtain n film giving r·. reproduc~~ble. sreclfic aCl>ivi:.ty undEl!' 

the sp.me conditions, the clectrodcposit must possess the chnrnctcr-

istics of adherence, ouo.ntitntivonoss, uniformity, comnosition, and 

nossibly other rrooertics nocessnry to fulfill the requir~'mont. 

To detormine the (1ualit? o~ tho olcctroplf'.ted film, visual 

observntion '!!ith the umd.c1ed c~rc and with tho 108 diameter binocular 

microscope, an explorinc disk, ph.::>togr[,.lJhs, nl~bine: of i',he film, 

dctermin~tion of rosidunl urnnium in tho ~lating solution, and 

spocific activity of the film wero used. 

The clngreo of film uniform ty can be dctr.'rminC'd by the rO f,ulc.,r-

ity nnd 'brightness of tho interference colors. This is n good in-

dicr.tion of c.dhcrcnc C' too, for f\. film ;'!hi.ch docs not possess inter-

foroncC' colors but is brovrn or black most lil~cly \1£'.s Q. non-Ldhcrent 

dCDosi t. "l"i th rotfltionr>.l stirr5.ng us used in this method, /\ lightr,r 

dorlOsi t is formed in the center of th() film them ovor thp remainde r 

of tho f\.re ~ . Since tho speod of stirring is constrnt, tho li~ht 

area in th8 ccnt(;r remains quito constnnt. Bccnuse of this light 

contor D.roo., it is possible to cstimntc roughly the 'Height of the 

clectrodoposit r.s ~Qll r.s tho saeed of stirring by the intorference 

colors. 
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The 108 power binocu.lar microscope is of value in closely examining 

the electrodeposits for uniformity and continuity. In most cases, 

however, visual observation gives sufficient detail. 

Another method measuring uniformity consists of the use of an 

exploring disk. The disk covers the electrodeposit of uranium in 

the counter ion-chamber. Holes of uniform diameter are drilled in 

the disk and these fitted with covers. Uncovering one hole at a 

time and counting the emerging al!)ha or fission particles gives a 

measurE) of the quantity of uranium exposed. 

Photographs and alpha-'iarticle photogrnphs give indications as 

to the smoothness and uniformity of the deposit, but p.re inferior 

methods to visual observation. Photographs appear to give botter 

results than the alpha-particle photogra0hs. 

The adherence of the electrodeoosit can be determined by 

rubbing the film hard with Yleenex. If the de[)osit is adherent, 

nothin~ visible ap~ears on the white tissu.e. ~ith decreasing 

adhorence, largor and larger c:uantities of blac~ oxide arDOnr. A 

vory non-adherent film will rub off easily, exposing the surface of 

the nickel or other base metal. 

To determine if the nrocodure is quantitative, tho residual 

uranium is determined at the ond of electrolysis. Tho ratio of tho 

numbor of counts from the remaining solution to the number on the 

film gives the approximate percentago of the uranium not plated. 

To determine the ro::roducibili ty of any set of conditions, the 

films are counted. In this report the specific alpha- or fission~ 

activity, the A- or F- vo.luc, or the number of counts per minute 
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will be used to indica to variation in the plating techniquo ~nd 

the aunlity of tho electrodeposit. 

Spec~fic A- or F-Acti vi ty _ 1';0. of A- or F-Counts/min/mg U:f 8 
Snocific Acti vi tv of Unknovm 

A- or F-Valuo.:= Spocii'~c 'kctlvity of lITormal uranium 

In other 1"Fords, tho specific n'lnha or fission activity is oqunl to 

tho r:umber of alpha or fission counts per minute p e r mg of IS 08. 

The ,1'.._ or F-v~'..luo is equo. l to 'the num.bor of alphn or fission counts 

per minute per mg U 3°8 obtf'cined from a sal"1ple of urnnium of unknown 

isotop ic composition divL:cd by- the numbe r of alpha or fission counts 

per minute per mg of U 3?S from a sarnnle whose isotopic comDosi tion 

is that found in nature. Tho nur:l!:lor of counts p Ol' mir.uto hrts boen 

usod in 80ro,0 instnncc: s when tho sarno ouanti ty of unmium "!"['. S p If'.tod 

[md counted on tho s a rno amplifior. Specific activity ,"'ould be ob-

t a inod by moroly dividinc counts per minute by tho mass. 

In the remaind~ r of the ro~ ort, theso methods of de termining 

t he quality of the cloctroplr.ted film h~vc boon us e d. 

SElECTION OF BASE ~:::S TAL 
---

Tho Guo.ntity of urnr iu:'1 vrl-,ich cS"m b n repeatedly deDosited on 

a platinum disk giving an adherent uniform film is only nbo~t 4 mg 

:)f U30g p O l' 24 sq. cm. Furthermore plf'.tinum disks require c l c rming 

nnd counting behw cn uses to insure the complete removE'.} of the 

c loctrodopositcd uranium. This me r.ns tho use of v o.lunblc amp lifier 

timo which could be hetter utilized. For thnse b l.[Q 'Jrime ry r casons ,. 

other base metals v.'Ore investigfl. tod. 

\ 
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Polished disks of gol.", silver, c07por, aluminum, monel and 

nickel YfCrC obtained. P"ilms of varying 'weight of U
3

0
S 

were p1ntcd 

on QP.ch motul usinG str.ndard conditions. The films c l e ctroplr.ted 

on gold wero similar to ol~tinum in that films hc ~vior thnn 4 to 

S mg wore non-~dhcront. Silver gnve good r..dhcronco, but thoro \,!f'.S 

no convonient v;n~r of removing the olectroGcposi t r.nd reu.sine; the 

silver disk, silver being too expensivo to discnrd ~ftor fl single 

usc. Coppor go.Vt~ botter :dhorence thnn plntinum. Horc.ror, since 

it is nccoss nry to ignite tho film to obtflin ·ronroducib l o rmmlts 

for precise ':lOry, co?por 1'ms not considered bocl'.use of its f,xccssive 

oxido.tion when ~cr.ted Et relntivrly lov! t orrpE' r r. tures. Aluminum .... ms 

entirely u~suitod under the conditi ons us e d, for tho nluninum rc -

ncted with the plnting hnth during olectrolysis, fillin~ tho 

solution -,;ith rt \:hite flocculent nluminnto orecioitr.to . Of the - -

l'1otnls invostign.ted, nich" . and monel g;r1.VO tho be st r n sults, nickel 

being superior to mone 1. Nicke l gnve the most un iform, f,d herent, 

f).nd tho ho r,.viest deQosi t of the motf'.lw invo stignted. 

Tho uso of nick-ol f.'.nd monol Dos sess o s a nU!11bcr of r.dvr.ntflEe s 

ovor the usc of platinum fl S fI. b[\sc r.J.ot f\ l on y;hic), to c 10c t r or l e tc 

urr.nium. 

1. Uniform c.dhnront films r.S hcnvy ns 16 to 18 ms of 1] 0 por 
;) 8 -

24 sq. CM. cnn bo consistently Illr.tr·d compr.rod to 4 to 6 mg 

on plntinu;.,. Films of 22 mg hnvc bcrn Ill r t.cd \'.r115.ch 1' re 

qur.ntitr'.tivo but. nt this vr..luG shovr tende nci e s tOY.':.rd 

pooling, Rnd slight nmounts of the olcctrodenosit c~n be 

rubbed off VIi th Flcenex. 
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Nickel and monel can be cold rolled and disks fabricated 

for a cost of roughly 4.4 and 4.0 cents each. The disks 

are thus economical enough to warrant using once and then 

discarding. When a sample has been counted on a platinum 

disk, it is then necessary to dis sol va off the electro

deposit in concentrated nitric acid, carefully rinse and 

dry the disk. Sometimes a trace of uranium will be left 

on the disk after cleaning, and it is therefore necessary to 

count the blank disk before plating on it again. Discarding 

the nickel or m :leI disk does away with these extra opora

tions, and the saving is far greater than the cost of the 

nickel disk. 

3. In the case :) f certain research samples in which the quanti t: __ 

4. 

of uranium is small, the use of platinum has tho advantage 

that the sample recovered from the platinum disk requires 

less puri.fication to obtain pure uranium than a samplo re·· 

covored from a nickel disk. The use of a mixture of sulfu : 1' 

acid-hydrofluoric acid removes the ura.nium from the nickel 

disk plus a small amount of nickel which must bo separated 

before tho sample can be re-analyzod. However, in the 

8.nalysis of routine samplos or samples with a sufficient 

mntity of material, it is not necessary to recover the 

uranium from each individual nich:l disk separe.tely. If 

the uranium is to be recovered, it can be removed from a 

large:: number of disks at one time • 

Nickol and monel can be cold roll~d to a surfaco that is 
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sufficiontly smooth to give excellent results. A large 

quantity of nickel or monol can be rolled and fabricated 

at tho same time, giving a uniform surface. Platinum, 

after repeated use, becomes scratcht3d and dented. This 

may lead to error in the analysis, and it does require tho 

.salvage of platinufu and the purchase of additional expensive 

disks. 

5. The nickel and monel disks arc 0.025 inches in thickness and 

are fabricated so that thvy have a plane surface with no 

warping. A disk of this thicknoss of these metals can bo 

handled quite roughly without being misshapen. The platinum 

disks previously used ware 0.005 inches in thickness and 

required car oful handling to prevent donting and bending, 

espocially since in theplnting procedure th e di~ks must be 

handled with tongs. PI~tinum disks 0.025 inche s in thicknc~~ 

would bo very 8xponsive nnd still would not poss e ss the 

physical properties of nickel. 

6. The use of 0.025 inch nickel disks greatly simplified the 

holder de sign and positioning of th o film in the counter 

ion-ch::unbor. In the cho.mb(;;r with horixontal plates as in 

the alpha counter ion-cha.mber used at the K-25 laboratorio ~· 

and S.A.M. Laboratories in New York City, the disk is pln.r,d 

in a recessed area. 0.020 inches deep. The disk lies in t~ 'F 

recessed area and has sufficient mass to prevont microp'l"JlI."V 

The thin platinwn disk has to be hold in position by a i: - : 
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• annular ring. Even with this arrfl.ngomcnt it was difficult 

to prevont the disk from warping. In a vertical chamber 

such as th0 fissiop counter used at the K-25 laboratories, 
I 

the disk is held in the recessed holder by a thin annular 
I 

ring whQch snaps into position, catching the extreme 

circumference of thG nickel disk. 

7. Because of oxid~tion, nickel and monel cannot be ignited 

at temperntures as high as ple.tinum. How·ever, ignition at 

roughly 425°C., for ten minutes givGS reproducible rosults 

and appoars entirely satisfactory. 

SUHFACE ROUGHNESS OF BASE l'EETAL ---
Tho cold rolling of one-half hurd A-nickel results in a surface 

that is quite smooth and fru8 from scratches and pits. During tho 

subsequent fabrication of the nickel strip into disks and ha.ndling in 

shipment and in th.:: laboratory, tho surface of some of the disks is 

slightly scratched. To determine tho significnnce of these scra.tches, 

a l~rge nunmor of disks was sorted and grouped according to the degre~ 

of scratching, with group I .laving essentially no scratches, and groul' .:, 

having tho worst surface found. The same quantity of uranium from the 

same solution was platad on 12 disks from each group with the following. 

results.: 

Group Mean Alpha Counts/min. f Std. Dev. of Moan 

I 9050 6 
2 9045 6 
3 9046 8 

• Those dat:::. show no significant differenco bGtwJen the groups. This 

indicat o s that the scratching incurred in the fabrication and handli,-



• is no~ sufficient to Rlt~r the counting rate. 

Since tho surfnc0 rou:,!;hness of the cold roll e d nickel might vary 

from one shipment to another, disks from tho first shipment of 30 j OOO 

Vlor0 compar<;d with thos e from thG second shipment. Visus.l observP.tion 

indic'lted little differ ':mce in surface roughness. To determine if ~n 

e ffect actually existed, 12 di sks wero electroplated from the first 

shipment Qnd 12 from the se(' ) nd using the same uranyl nitrate solution 

under idEmtical conditions. 

First Socond 
Shipment Shipm0nt 

n~an Alpha Counts 6469 6461 
Std. Dev. of Single Moasure-. 

mont 12 19 
Std. Gov. of Moan 4 6 

To tho precision or the mnasur8n~nts, no si~nificant diffe rence could 

be shovm. This ic furth(~ !' substrmtiEttod 'oj the routine 8.nalysis of 

sevoral thousand s·).mplos of norual matorial by th',-, alpha r:wthod durii;'g, 

the past yaar. The sp(;)cific fl.ctivity of those samples has not signifi-

cflntly chang0d from tho standard calibration films. 

To increase tho quantity of scratching under controllcd , condition u 

four nickel disks v~re rul ed with B c arborun~m-tippod pencil. The l~~ 

wore spaced a bout 1/8" :",part, both horizonto lly an d v~ rtically Qcross 

the fac e of the diE:k. A cross-s'J ction of thGSO scratche s was roughly 

an equil8.toral tri!.1.ngle 0.1 mm. on a side, as deternined undor 100 

diaIT,8ters using n. !:licroscopc -with an e'.le piCCO calibrated with st'l.go 

micrometer. The following data gi Vf) 8. cor'lpD.rison of the numbi.-r of 

counts obtt1.in ·3d R.ft c r plating the S".Ii10 quantity of uranitm on the 

• scratche d surfacc~ ~nd on unqltoro d nickel disks. 



• 

• .. 

 22 

Discs with no scratches 
Scratched disk 1 

2 
3 
4 

Alpha 
Counts/min. 

5762 
5636 
5649 
5587 
5627 

+ Std. Dev. 
- of Mean 

7 

Comparing disk 3 with the unaltered disks, the counting rate has been 

lowered roughly 3.1%. By considering the total length of scratches, 

the increased area caused by scratching and the number of alpha 

particles stopped by the scratches, a rough calculation indicated 

that the count should have been lowered by somewhat less than 4/~. This 

agreement is as good as couln be expected under the conditions of the 

experiment. 

To determine the effect of various suri'aces of the base metal, 

a series of disks WGre given the foll01,'rine; treatments: 

1. No treatmEmt 

2. Hand polished with crocus cloth 

3. Electropolished using H3P04-g1ycerol bath 

4. Polished in metallographic wheel using 600 grade carborundura 

5. Scratched with No. 80 grade carborundum cloth 

6., Etched three minutes with concentrated nitric acid 

Of these treatments, only the electropolishing nEJeds explanation. A 

4010 phosphoric acid (85~~) - 60% glycerol bath was used. The nickel 

disk to be polished was the anode, a.t a bath temperature of approxi-

mately lOOoC.', with a current density of 15-20 amperes/disk for a 

period of two to threo minutes. Microphotographs of the cross-sections 

of these surfaces are shm~m LL Plates 5, 6, 7, 8, 9, and 10 • 

These types of surfaces were then electroplated with various wei ,n;ht 
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films of uranium under standard conditions to determine the effect 

on the counting rato. The results from this inv(-; stigation are given 

in Table 1. It is apparent that the type of surfllce ho.s an appreciable 

effect on the counting rate. Polishing the surface vlith crocus cloth, 

metFlllographic whe.)l, and electropolishing incroased the counting rate 

by roughly 1%,'ilhiJ.e the acid etching and scratching 10'No red the count 

from 2 to 4%. Tho;; photomicrographs of the surfaco finish indicate the 

same ordor of roughness as obtained by counting. It is felt that v-rith 

Gxperi0nce, visual obs ervation of the surface is almost as good a guido 

to surfaco roughness as is the photomicrograph. 

i'Vhon considering the h .c·ormation obtain,1 d from thes e surface 

roughne ss investigations, it is apparent that tho surface of tho basG 

metal has an important effect on tho sp0cific s.ctivity. Howevor, 

the surface in any one3 shipment of nickel disks apparently is repro

duciblo, and even diffor8nt shipmonts of nickel ma.y havo tho same 

surfaco roughness • 
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Plate 5. Cross-section of Normal Nickel 
disk. 1000 x 

Plate 6. Cross-section of Ni~kel Disk polished by 
80 grade carborundUITI Cloth~ 1000 x 

24 
, 

I 



Plate 7. Cross-section of Electropolished Nickel 
A~",1r , rv-.n ~ 

Pla te 8. Cross ... section of Nickel Disk polished 
on metall")graphic Wheel using 600 grade 
carborunllwn. 1000 x 

25 
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Plate 9. Cross-section of Nickel Disk Polished by 
Crocus Cloth, 1000 x 

.. 

Plate 10, Cross-section of Nickel Disk etched with 
Concentrated Nitric hcid 1000 x 
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Table 1. The Effect of Surface Roughness on the Electrodeposit. 

Treatment Appearance Filma Mean + Percent Eean fPercent 
of nickel of nickel weight alpha std. dev. fission -std. dev. 

disk disk counts/ of mean counts/ of mean 
minute minute 

mgb 
---- ~---

.1. Degreased Normal 0.4 8281 0.13 2098 0.33 

2. Polished bright, 0.4 8318 0.07 2101 0.32 
crocus fine 
cloth scratches 

3. Electro- mirror- 0.4 8325 0.13 2103 0.28 
.polished like 

4. Polished on Very 0.4 8330 0.07 2109 0.14 
metallo- highly 
graphic polished 
wheel 

5. Scratched Scored 0.4 7941 0.25 1941 0.21 
vd. th No.80 with deep 
carborundum scratches 

6. Conc. HN03 Rough, 0.4 8022 0.30 1997 0.40 
for 3 min. crystal-

line 

1 As 1 above 11 8178 0.07 927 0.32 

4 As 4 above 11 8317 0.06 959 0.31 

6 As 6 above 11 8057 0.09 926 0.32 

1 As 1 above 7.4 7910 0.10 

4 As 4 above 7.4 7984 0.08 

6 As 6 above 7.4 7650 0.18 

~Four films \~re plated in each case. 
Throughout this report, the film weight is given as the number of 
mg. of U308 . 
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CLEANING OF BASE }aETAL ~ TO ELECTROLYSIS 

As is general~ true with electroplating, the cleaning of the 

base metal prior to electrolysis is important. In the case of elec

troplating uranium on nickel or monel, the best procedure appears to 

be a simple degreasing rather than the more elaborate techniques of 

acid dips, alkaline dips, electrolysis and others. A number of clean

ing techniques was investigated and will be discussed in this section 

of the report. 

Degreasing 

The nickel or monel disks as received from the manufacturer are 

covered with a light cutting oil used in the fabrication process. 

The metal disks are degreased in a modified Soxhlet extractor, 

Figure lao This apparatus consists of a nickel trough in which the 

disks are held vertically in a rack and spaced approximately 3/16" 

apart. The trough is supported on legs in a bath of carbon Tetra

chloride or trichloroethylene. As the solution boils, the vapors are 

collected on a cold water condenser, and the condensate drips into 

the trough. The level of the collected condensate rises in the trough 

until the disks are completely covered. The solvent then is discharged 

back into the boiling bath by means of a syphoning tube. Rapid boil

ing of the solvent allows the Soxhlet to make a cycle in roughly 

fifteen minutes using a trough of such length that it holds about 

25 disks. 

This method of degreasing has proved very efficient and appears 

to be the only cleaning needed to obtain an excellent electrodeposit 

of uranium meeting the requirements as set forth in the previous 

• 
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section, Determination 2f. Quality £f. Electroplated Films, on 

page 14. 

30 

This method of degreasing the metal disks has been used in the 

laboratories for all routine analyses for the past year. Occasionally 

a series of bad electrodeposits has been made, and in most cases has 

been attributed to improper degrE!asing of the base metal. Trichloro

ethylene was the solvent used for a number of months, but the poor 

grades available tended to break down rapidly, especially when water 

would get into the bath from the condenser. This resulted in the 

bath accumulating a sticky black naterial, and disks cleaned under 

these conditions gave inferior electroplated films. Carbon tetra

chloride has been substituted with better results. However J a good 

grade of trichloroethylene or carbon tetrachloride is satisfactory. 

Since the possible breakdown of carbon tetrachloride with the 

formation of HCl and the resultant etching of the nickel disks had 

been mentioned as a means of lowering the specific activity, the 

following experiment was undertaken. A series of disks was degreased 

for different lengths of time in the carbon tetrachloride Soxhlet. 

This investigation also revealed the length of time necessary for 

sufficient degreasing. Chromic acid cleaning solution was not used 

in the assembled cell as stated in the standard procedure. 

The results are summarized in Table 2. These data indicated 

that sufficient degreasing vas obtained after only 15 minutes in the 

Soxhlet extractor. Even disks degreased by merely rubbing with 

Kleenex have a quantitative electrodeposit, although they turned 

brown after ignition. However, other work has shown the specific 
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Table 2. The Effect of Ti..e of Degreasing upon the Specific Activity 
and the Quality of the Electrodeposit. 

T:iJne nicke l disk No. of Mean + Per centa Appearance of 
in Soxhbt ex- 10 mg A-Value std. dev. film 
tractor, CC14 as films of mean 

solvent -
2-1/2 days 4 1.0005 0.13 ) 

) 
8 hours 4 1.0010 0.11 ) 

) 
2-1/2 hours 4 1.0038 0.18 ) excellent 

) 
1/2 hour 4 1.0025 0.09 ) 

) 
1/4 hour 4 1.0023 0.20 ) 

Dipped in hot 4 1.0013 0.13 streaks of 
vapors 4 t:iJnes brown after 

ignition, 

Rubbed with only 4 1.0023 0.16 dull brown 
Kleenex color after 

ignition 

a Throughout this r eport, the "t "-test ~~ has been used to determine the 

significa nce between two means. The 0.05 level of probability in 

Student's t able of t has been used to determine if a difference is 

significant. The statement "no significtlnt difference" has been us od, 

but it should be realized that this means no significant difference 

ves found t o the precision to which the mea surements were made , 

Obviously, more precise measurements IIlay prove a difference to be 

sisnificant. 

-~~Freeman, H.A., Industrial Statistics, Second Edition, John Wiley 
and Sons, New York (1944). Chapter I 
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activity of these brown films to be as · much as 2 to 3% low. The 

amount of e~ching of the nickel disks after 2 1/2 days in the 

extractor did not sufficiently roughen the surfa ce to lower the 

specific activity significantly .• 

In order to detormine if more elaborate cleaning methods might 

produce an even better electrodeposit, several other methods of 

cleaning the metal disks were investigated. Light films with bright 

interference colors shovl non-uniformity better than heavier films. 

Films plated under standard conditions at less than one mg U308 

per 24 sq. cm., show localized non-uniformity, evidenced by 

multicolored streaks curving from the center toward the outer edge 

of the film, indicating different thicknesses of deposit. In this 

report such a deposit will be referred to as "pinwheel." FiJJlls 

from ono to eighteen mg plated under standard conditions do not 

show this pinwheel effect nearly as often. For this reason, light 

films were plated using different cleaning techniques, nith 

visual observation as a test of the success of the cleaning method, 

Electropolishing. 

The disks were electropolished by immersing the previously de

greased nickel disk in a hrJ% phosphoric acid--60% glycerol bath at 

1000 C. A current from 15 to 20 amperes was allowed to flow for 

2 minutes, with the disk to be cleaned as the anode. The polished 

disk, after removal from the bath was washed thoroughly with 

vlater and then placed in boiling isopropyl alcohol for 2 minutes 

I 
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to remove comtaminants from the phosphoric acid--gl;ycorol bath •. 

Nickel disks cloaned by this technique haVG a bright mirror-like 

surfaco. 

Four 4.0 and four 0.4 mg films were plated on these electro-

polished diSks.. Two of the 4.0 mg films were quite uniform, while 

the other tV/o had a pinwheel appearance. Three of thc 0 •. 4 mg films 

were pinwheol and only one gave a uniform deposit. In other rospocts 

tho films were normal, having good adherence. 

Alkaline Cleaners --_.-""' .......... 
'1'1'10 nickel disks were degreased with carbon tetrachloride and 

then immersed in 10% NaOH solution at 5cP C. for one hour. The disks 

were washed with water, placed in 20% acetic acid for ten minutes 

and again ·washed thoroughly with \',ater_ The 0.4 mg films plated on 

those disks were a.dherent, but were [JimJheeled .• 

Four disks wore placed in a 10-% Na2&.2 C3 solution for ten minutos. 

&:'ch disk was washed thoroughly with water.. Following this, one 

disk vias plated with a 0.4 mg film without further treatmont, a 

second disk 1,'las dipped into 6 n HC1, Welshod w:Lth '!'later and plated, 

and the rOlllc1.ining two woro dipped into 20% acotic acid, washod vd.th 

water, and pl/l.ted. ' These films were all non-uniform with a spotty 

appoarance instea d of pinwheels. The elcctrodoposit wns a dherent. 

Nickol disks we:re anodically and cathodically cleaned for 

ono minute , three minut0s,six minutes and t wo lve minutes in an 

alkalino bath composod of 30 g Na2C03, 15 g Na3P04J and 7.5 g NaOH 

per liter of solution. Tho t(Jmperc:ture of tho bath was 80 C with a 

curront of 5 to 6 amperes and 6 volt.s. After the e lectrolysis, the 
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disks "Nere washed with water, dipped into 20% HzS04 at room' 

temperature, and again washed thoroughly with water. The 0.4 mg 

films plated on the disks cleaned anodically were adherent but 

pinwh0eled. The 0./+ mg fiJJas pJ1tted on tho disks cleaned cathodi-

cally were non-adherent. as vJell as being p:UT,'!hoeled. 

When allmline cleaners were used, none of the resulting film:; 

posses3ed tho quality obtained by merely dGgreasing thG nickel disks. 

Acid Treatment --
Nickel disks YJere dipped from two to three seconds in an acid 

mixture c0113istjl1g of 400 ml of concentrated sulfuric acid, 11~3 ml 

of concentrated nitric acid, 10 ml of conccntrc1.tod hydrochloric 

acid, and 400 ml of wnter. 
, 

The disks were thoroughly wo,shed with 

WEtter and 0.h5 mg films plated on eight disks. VlhOIl those fibns 

'Wore compared v:i . .'3ually with eight fihns of tho same weight pL-'lte,d 

undor standard conditions, no apparent difference was obsorved in 

uniformity of the elcctrodeposit or in tho over-all quality of the 

film. Four 5.0 mg films, acid dipped, g~vo an A-value of 1.759 ~ 

0.08% (Gt(· ',ndE~rd deviation of moan), and four 5.0 mg films plated 

under a stanci2..rd conditions gave a corresponding A-valuo of 1.750 ! 
0.12%. This short o.cid troo,tmont docs not roughen tho nickel 

surface sufficiently to lower the A-va lue. If the acid treatment 

is prolonged, the specific activity will be lm\'ored bJ' the rough 

surface (c.f. pago 27). 

Tho section, Surface Roup;hness of Elas~ Mct,~l,l, indicates that 

nitric [lcid at chine; of the nickel surface docs no apparent good. As 
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mentioned under the section on Apparatus and ~~, the use of 

chromic acid cleaning solution was discontinued for the same reason .. 

The above data indicate no apparent benefit from the acid treatment. 

~ £f Abrasives. 

In Table 3 are summarized the results of polishing the nickel 

surface with various abrasive cloths. Inferior results were obtained 

using abrasives, with one notable exception. Hand polishing the disks 

vnth crocus cloth, using rotating motion, gave an electrodeposit which 

vms as good or possibly superior to that obtained by merely degreasing. 

Referring to the section on Sur~ Roughness 2£ ~ Metal, page 27, 

it will be noted that alteri.l; ;~ the surface changes the specific 

aC'tivity by several percent. Thus polishing lNith the crocus cloth 

requires that the dogree of roughness be the same from one nicke~ 

disk to another. It is felt that the possible slight advantage to 

be gained does not warrant the additional cost of ti-lis added operation. 

When considering all the above methods of cleaning the base metal 

prior to electrolysis, only the use of crocus cloth and the acid 

treatment following degreasing gave results comparable to those obtained 

by the simple deg,reasinG. Because of the small number of Il1.an-hours 

consumed by this sjlIl:ple technique, othar methods r equiring more 'work 

should show notable advantage over the degreasing before their use 

is adopted. 
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Tabla 3. The Effect of Hand PoLishing the Nickel Disk upon the 
Uniformity of the Electrodeposit. 
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Treatment Number Film Appearance of film 
of weight 

films 
rug 

Crocus cloth 1500 rev. 2 4.0 ) very uniform, ox-
1500 rev. 3 0.4 ~ callent adherence 
300 rev. 4 0.4 
300 4 0.4 slight pinwheel 

str~ight strokes 

Carborundum 150 rev. 1 0.4 ) 
cloth 300 rev. 1 0.4 ) pinwheel, good 

(grade 120) 500 rev. 1 0.4 ) adherence 
800 rev. 1 0.4 ) 

C:trborundum 150 rev. 1 0.4 ) 
cloth 300 rove 1 0.4 ) pinwhocl, good 

(grade 362) 500 rev. 1 0.4 ) adherence 
800 rev. 1 0.4 ) 

Carborundum 150 rov. 1 0.4, ) 
paper 200 r ev. 1 0.4 ) slight. pinwheel, 

(grade 471) 500 rev. 1 0.4 ) good adherence 
800 rev. 1 0.4 ) 
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After the selection of nickel and monel as base metal substitutes 

for platinum, it was thought desirable to investigate other electrolytes 

in an effort to find one wh'.~h might be superior to ammonium oxalate. 

During these experiments, all other variables which might affect the 

quality of the fUms ,vere maintained as nearly as possible at the values 

specified by the standard plating procedure. 

It will be noted in the following list that attempts to find a new 

electro lyte were confined to the anullonium salt of the various acids 

tried. This is the result of the previous demonstration by Pierle' * 

that metallic ions, such as sodium, co-deposit with the uranium, and 

since they are not removed by the i e;nition YIh ich follow·s the plating, 

they lower the counting rate of the films. In general, 0.4 molar solu-

tions of the electrolytes were u sed. These solutions were l!l8.do up 

either directly by 1'Teighing the reonired am.ount of the s'llt, 0 " by 

mixing equivalent amounts of an::.1onia and the acid. 

The results of these investigations summariz')d ac co rding to the 

e lectrolyte a re as follows: 

Single Electrolytes. 

1. Ammonium acetate: No adherent films could be nade in the 

ranGe of electrolyte concentr9.tion from t ·.TO to eight 

millimoles. All films we re black and amorphous in appearahce. 

*Pierle', J. Phys. Chern., 23: 517 (1919) 
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• 2. Anunonium benzoate: This electrolyte was used in an alkaline 

sol~tion of pH 9. Duiing the course of electrolyses 

employing ammoniUlTl benzoate, tho plating solution became a 

deep brovm, and a considerable amount of foaming was observed. 

The dark material was soluble in methanol and was probably 

impure diphenyl formed by electrolytic decoMposition of the 

benzoate. When removed froM the plating solution, tho fil:ns 

showed brilliant colors in erratic patterns, not concentric 

rings, but this apFearance was lost on ignition. Counts made . 
on the same films before and after ignition to determine the 

effect of. this volatile org~nic material presumably r e sponsible 

for the colors showed tha.t its presence lowered the counting 

rate by about 1%. Plating vIas not quanti tati ve in the range 

where fror:l 1.2 to 8.0 millimole s of el ectrolyte was used. The 

completene ss of deposition varied from 63?~ to 2210 r e spectively 

botween these tvlO _imits, Table 4' Figure 2. 

3, AmmoniuIll borate: This solution, lll8.de by passing 8.!.llilonia gas 

into a susp.:msion of boric acid until it dissolved, vms quito 

aH::aline with a pH of v.bout 10. De pos i tion was incompl vt e 

".·ith larse qUl\.nti ties of electrolyte ; only about 4Oj~ of 

the uranium pla t ed "Thon 8.0 millemols V,Tt' :: :? used. In quan-

tities of 4.0 millimols and less, deposj.tion wus generally 

complete, but erratic low rosults were ol:>t f.'- ined a.nd the 

electrolyte wa s not reliable • 

• 
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Table 4. The Effect of Different Electrolytes on the Electrodeposit . 

Single Electrolytes 

Electrolyte 

Aml'llOniul11 
acetate 

ATrJnoni urn 
benzoate 

Ammonium 
borate 

Ammonium 
carbonate 

Ammonium 
citrate 

Ammonium 
fluoride 

AmmoniuIl1 

Millimols 
of 

Electrolvte -"-
2.0 - 8.0 

0.8 - 1.2 
2.0 - 3.2 
4.0 ... 8.0 

2.0 - 4.0 
6.0 - 8.0 

2.0 - 4.0 
6.0 - 8.0 

0.4 - 0.8 
1. r. .. 2.0 
4.C - 8.0 

0.0 - 2.5 
2.:-1 - 4.0 
6.0 - 8.0 

formate (pIl 4) '4.0 - 8.0 

Ammonium O. ') -.. 4.0 
formate(pH 8) 4.1:; ... 20.0 

AmmonLLr:l. 0.0·· O.S 
tartrate O. b .• 1. 5 

2.0 8.0 

No. ofa 

8 m~ 
fil~s 

8 

4 
10 

6 

8 
4 

4 
8 

6 
8 
6 

14 
12 
10 

8 

10 
46 

4 
8 
8 

aThe number af fj]l'ls indicated is for 

Range ofb 

A-value 

0.70 - 0.66 
0.65 - 0.35 
0.30 - 0.21 

0.98 - 0.99 
0.36 - 0.42 

0.99 - 1.01 

Appearance of film 

black, amorphous, 
non-adherent 

highly colored in 
erratic patterns, color 
fades on ignitionj 
plating solution foams 
and turns brown. 

normal 
normal, not plated 

black, amorphous 
unevenly colored, 
pinwheel 

0.23 - O. 08 ) 
0.06 _ 0.009 ) norm'll but very light 
0.006 - O.OOG) 

black, amorphous 
0.99 - 1.00) metallic silver color, 
0.86 - 0.48) disappears on ignition 

blad:., ar:orphous, 
non-adherent 

b lac1:, amorphous 
0.99 - 1.01 normo. l as -iiith 

ammOlllUTil o)~8.1ate 

peel~_ng 

0.33 - 0.17 '; norrr,'l.l appearance for 
0.07 - 0.02) Ugh'c film 

the range of electrolyte covered. 
For example:, in e;:'w case of 3.!nL1onium acetate, t,\-,) films were plated at 

b2.0, 4.0, 6.0, ~n1 8.0 millimols. 
The first A-value .Jorresponds to the first quantity of electrolyte, the 
second to the secG~d quantity of electrolyte • 
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• Table 4. (continued) 

Mixed Electrolytes 

Electrolyte Hi 11 imols No. of Range of Appearance of films 
of 8 mg. A-value 

electrol~te films 

50'10 amm fluoride 4.0 4 0.75 - 0.90 brightly colored 
50'/0 amm benzoate before i gnition 

50% amm oxalate 4.0 4 0.50 - 0.60 bri~htly colored 
50% amm bon-zoate before ignition 

90j~ amm oxalate 4.0 4 1. 04 - 1. 05) 
10f0 ar:1ffi fluoride ) 

) same as if anullonium 
80% amm oxalate 4.0 4 1.03 - 1.04) oxalate were used 
2cr/o amm fluoride ) alone 

) 4 
70"/0 amm oxalate 4.0 4 1. 03 - 1. 04) 
307~ amlll fluoride 

60% amm oxalate 4.0 4 1.038 - 1.044) 
4010: arrun fluoride ) same as if 

) a:, nmonium fluoride 
50% a.mm oxaJ.ate 4.0 4 1. 009 - 1. 010) were used alone 
50'10 amm fluoride 

• 



100 

70 

60 l'~~',';'!"rtWi'!" r l: r:lVr'"~11 11. .. t. •. • .. 

50 

4c, ~~ 

30 

20 

10 • 
3 ~ 5 

Millimole. ot IUectrolyte 



• 

• 

41 

4. Ammonium carbonate: The films obtained when less than 4.0 

millimoles of electrolyte was used were non-adherent, 

black and amorphous in appearance. When more electrolyte 

was used results improved and deposition could be made quanti

tative to 0.3%, but same films still praved non-adherent. 

5. hromonium citrate: This solution was slightly alkaline with 

a pH of about 8. Upon addition of the uranyl nitrate solution 

to this electrolyte, a deep yellow color wns praduced. That 

this color was prodt,;.ced by a fairly stable camplex ... ion was 

indica ted by the ve"'y incomplete deposition of U308 when 

employing arrmoniwn ci tra te as an electrolyte. With even as 

little as 0.4 millimoles af the electrolyte, anly 23% of 

the urD.nium was pia ted, Figure 2. The marked difference 

shown in the curve between the amaunLs of uranium pl'~'.Led on 

'ei ther side of p,n electrolyte concentration of twa millimoles 

was interesting in light of the fact the. t there w~. s abo ut 

one millimole of uranium present in the solution. T is 

suggests one millimole of uranium complexing wi th t V'i O milli

moles of electrolyte. 

6. Ammonium fluaride: This solution was made slightly basic 

by additions of some E:xcess anunonic~ to prevent attack on the 

glass cell. The films were silVery and metallic in appearance. 

Deposition was not quantitative when 4.0 or more millimoles of 

electrolyte were used. The completeness of depositian fell 

off rapidly past this point, and when 8.0 millimoles was used 
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• only about 5~/o of the uranium plated, Figure 2. When 4.0 

millimols was used~ 98% of the uranium was deposited, and 

in the range from 2.0 to 4.0 millimols, plating ma.y be 

considered quantitative. However, as the amount of electro-

lyte was diminished, the rate of deposition increased and the 

films became less and less adherent. With smaller quantities 

of electrolyte many non-adherent films were obtained. 

7. Ammonium formate: 1fuen the solution of this electrolyte 

was made with ammonia and a slight excess of formic acid 

to give a pH of 4, the resulting films were amorphous and 

uneven. They 1'JE;r(; non- .... dh E: r 6nt ·.nd ' could b<.. r cIUov i;:d ' from 

the base metal with gentle rubbing. 

When enough excess anll'Tlonia was added to bring the pH 

of the solution up to 8, the results improved. Quantitative 

results were obtained when an~~here from 5.0 to 20.0 

millimols of electrolyte were used. However, even these films 

had areas of varying surface textures so that parts of the 

films looked dull when compared with the rest. The use of 

less than 5.0 mi11imols of electrolyte gave films of amorphous 

appearance which, when counted, were not quantitative. 

8. Ammonium tartrate: The solution was slightly alkaline, with 

a pH of 8. As with amnonit~ citrate (c.f. page 41), a fairly 

stable complex 1Nith ura.nium appeared to be formed in. the 

plating solution. Here it appeared to be somewhat l e ss re-

sistant to electrolytic decomposition since the amount of 

• 
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U308 deposited variod from 33% when 0.8 millimols of elec

trolyte was used tc 0.3% when 8.0 ~illimols v~s used. Here 

again the amount deposited began to increase sharply only 

when less than two mi1limols of electrolyte was used for 

a on~ millimol sample. 

Mixed Electrolytes 

1. Ammoniun fluoride - armnonium benzoate: The brip;ht colors 

associated vrith ammonium benzoate as an electrolyte were 

apparent on the films which were plated using an equimolar 

mixture of these two electrolytes totaling four millimols. 

However, on ignition the color vms lost, and the films 

acquired an uneven appearance showing dull amorphous arel1s. 

2. Ammonium oxalate - arunonium benzoate: Yfuen an equimolar 

mixture totaling four millimols was employed, the films had 

the bright colors associated vnth ammonium benzoate as an 

electrolyte, but none of the color was retained on ignition. 

However, deposition vms only 50 - 55% complete. 

3. Arrunonium oxalate - ammonium fluoride: Using a mixture of 

the two electrolytes totaling four millimols, the films 

lcoked like those using only fluoride whonever 35% or more 

was fluoride. Howev0r, whilo the films wore adherent, the 

deposition bocame less quantitative as more fluoride was 

used, and was already 3% below theoretical when the mixture 

llras composed of equal quantities of each olectrolyte. 

None of these salts has given any indication of being superior 

to ammonium oxalate for use as the electrolyte in the plating procedure. 
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It must be kept in mind that they were tried using optilnum conditions 

fb~ ammonium oxalate! and it may be possible that some of these elec

trolytes would prove very valuable if other conditions of the plating 

procedure wore altered at the same time, 
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1,.S t.h f' riifLru.t el~~ctroplating variables are considered, the data 

a t times 'I .. ill be somewha. t sketchy, for it is difficult to investisa te 

a variable and th0n defini. UJly sta te tha t a certain va lu~ is the best 

one. This vulue Vlould be true only under the conditions used for the 

particular invGstiga tion, for the reason th ;:;. t a change in othe r vRri-

abies ma y appreciably- change the one under invtsti&, tion, and thereby 

alte r thu c ,mclusions drawn. Since the nwnber of plating va ri 'l blcs is 

quL':. .:: J.[:.rge , it CQn bs seen 1)1.-3. t a complete study of the effect of one 

on another would. be a lmost an endlE;ss bsk a nd not justifitlbl<; cJnsider-

ing the r esults obt&i ned by pre s e nt t l;chniques. 

In certain inste.nee:3, films were not [: ctually alph'l countod f0r the 

reas::m til3 t c0untcr time ,~.:, s not ava.Llabh~ under the ur8bncy of s ample 

analyses. DGterminntion of the qU2.ntity of urCJ mum r emaining in tile:. 

pl.?. ting solution nfte r electrolysis, the residue, w:!.s riDt a h .rays made. 

In some inst~nc e s the rbsidue W'l.S deterrrJ.ned when it W::lG n.)t possible to 

count the film. " ~11E::n the film WIlS count(·d the r esidue was oftEn neglect8d 

wi th only [in OCC l1 f,i oml che ck ID''.de. When noting the redd-ues in the: :, c-~· 

compa nying t e.ble s it should be r (::; aliz(;d thR t the Jr,c t/nd used of evnpora-

ting the solution on i-:. thin foil f or counting (fG Y bt; .lew by 2 or 3 

fold. The U[lcVt,n deposi ti.?n m<.: y reduct: tht: coun::, considera bl J by absorp-

tion of th <::, .:.lpha p3.rticl t;; s in the solids. Only wh e n the r e sidue is 

smf~ll, of thl~ order of 0.2 pt;;r c E;r.t of the count :):..' the film ;){' less, 

• should nI1y gre;at faith be pl "ced in the. t count. 1-.11 residu(c s should be 

consider(;d '-'.s E.l minimum v[:;.luc. 
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This secti.on of the repoz;'t will discuss the effects .)i' temperature, 

current density, speed of stirring and time of plating. 

Tempera ture. 

as would be expected, the temperature of tile pla ting be.th has a 

marked effect on th '3 rate ,)f plating, Tables 5 and 6. The tem['erature 

in a ll cases is the temperature :)f the water bath surr.Junding the E::l(;ctro

plating cell. The ternp::rature of the plating solution is j.:rac ti.cally the 

sam~; at tht: start of the e10ctrolysis, but the resistance of 'the cell to 

tht: passagE: of current rapidly raises the; phi ting solution to !). tempera

ture 5 to 10 degrees higher thnn the we te,r ba th. 

The results obte.ined usir:g monel indicpte thE'. t the temr,e r~ture of 

thE. we.ter bath must be "I:, least 700 C in order to obtain quantitative 

deposition of th E; uranium il 50 minutE:s. The films plated at tho lower 

tempera tures have good adher6nce and look Il.Jrm:'ll in every way except tb." t 

the uranium is just not pla ted quantitatively. Films made at the boiling 

point of toe plating solution appear slightly dull and less umform tllA.n 

those r.ede at 75
0 

to 85° C. Increasing the quantity of elec trolyte and 

volume of the plating solution slows som6wha t the ratE: of pl,~~. ting. 

Nickel behaves as does monel with tile notable exception tha t films 

plated Elt boiling temperature are radically chllDg ed in appearance. In

stead ;)f h,wing cn,u'o.cteristic shiny-ble.ck color of films gr0e.ter th~n 

12 mgs e.nd the bright interference colors .Jf ligh tel' fi In,s, the dep::>sit 

looks silvery-white. arid lYlE: tE. l1ic. .i."ft.:;r igniti::m, tbe deposi t o. sswnes 

normr :18.ppe[,rancE:. However the count is not as r '.:)f, roducible. This is 

b.<>sed Of1 the comp,:'.rison of 28 films plE.tcd ::.~t E.;00 2nd 28 p13.t(~d ,:,t 1000 

c. 
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T9.ble 5. The Effect ~f Temperature of Plating t5::~ttJJ on the '~unUty 
of the Electr.:>doposit using 2.0 millimalLs J~Ilulloniwn 

Temp. of 
water 
bath 
°c 

30 
40 
50 
60 
70 
80 
90 

Om!;:,. te, 30 ml Plating Solution, with Eon.;:;l LlS base i .. etal. 

No. of 
9 mg 

films 

1 
1 
1 
2 
2 
2 
2 

Residue 

% 

18.0 
20.0 
8.3 
0.6 
0.9 
0.04 
0.04 

kean 
A-valuo 

------

0.9975 
0.9985 
1,0008 
0.9990 

t Per cent 
std. dev. 
of !hean 

0.08 
0.27 
0.14 
0.09 

l~ppearnnce of film 

) 
) good--not counted 
) 

t-
) excelled 
) 

Table 6. The Effect ::>f Temper'!ture of Pla.LinG bath on the Quality 
of the Electr~deposit using 4.0 [fJ.llimoles ":lmmonJurr. 
0x.:1.1.:;.te, hOwl P1Eting Solution, with fu':.onel as BasE. t, et;~, L 

TeIilp. of r:o. of Residue 1~ean ~ Pur Cent App~a ra nc (j of film 
water 101f€ A-value std. dev. 
b.".th films of nl~.qn 

--OC-'. -- ~ 

40 1 ------ ) excel,lE:. nt, jus t not 
50 1 ~--- ------ ) plc.ted in 50 min. 
60 2 4.8 -------- t-70 2 0.08 1.0018 0.10 
80 2 0.07 1.0024 0.08 ) Gxcull(;nt, slight 
90 2 0.03 1.0009 0.16 ) quantity removed 

when rubbed hard 
with Kh~ enex • 
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on nickel. 

600 C 
1000 C 

Mean A-value 
of 28 films -

1.001 
1..000 

t Per cent std. 
dev. of mean 

0.12 
0.35 

Application of the F-testi:' ~ves a ratio of 8.2. If the precisions were 

the same at the 1 per cent level of probability, this ratio sh:mld be 

no greater than 2.88. This indicates that the precisiJns obtuined under 

these tWCl conditions are significantly different. 

Since films are not quantitative if the bath temperature is less tharJ 

700 , and at 100° the specific ac ti vi ty is not reproducible, R temperature 

of 80°!: 50 C is rec:)mmended f:)r the electroplating of uranium on either 

nickel or monel as the base meta.l. 

Current Densit:t~ 

The effect :)f current densi ty is shown in Tables 7 and 8, where two 

c0ncentrations of electrolyte were used, In:)nel being the base metal. It 

is apparent thEl t a current densi ty from 2 to 5 amperes during a 50 minute 

plating period is satisfactory to 0btain quantitative, adherent films. 

Wh e n :)nly 2.0 millimoles of ammonium oxalate is used, the deposit is not 

adherent if the current density is less than 2.0 amperes. At 4.5 amperes, 

the film using 2.0 millimoles :)f ammonium oxalate was streaked wi th black, 

but this was probably due to the fac t that the quc.ntity of ele ctrolyte 

being used was near the minimum required for sa ti sfa.c tory plating. 

Vltlen nickel was used as tIle base m0tal and t be.: elE:' ctrolysis was 

carried out for 50 minutes, there was no mticeabl(:; differe nc e in 8i tho r 

~:. Freeman, H. il.., Industrial Statistics, Second Edition, John !'hl\:!y and 
Sons, NbW York (1944). Chapter II. 
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'fable 7. 

Current 
der!si ty 

amperes/ 
24 crr.2 

0.6 
1..J 
1 t: - . '" 
2.0 
2.5 
3.0 
;.5 
L~. 0 
4.5 

{ 

49 

'fne .&!..ffec t 0 f C W'rer. t Dcn2 ity on tl1t3 .-.;uali t.l ;:,f tJJ0t,lcc tru
depOfjit using 2.0 willi.J::olcs H!rJLor.iw:.OxalD.te, 30 ml tltJ.t.ine 
30h.t.ior:, \\ltll :: :wel 0.8 .8as€ 1.:.~t;· .. l. 

(',0. of iLcsid u€; ::"ean !: Fer cont J-I.ppeer.'Jtlce of 
10 me /\-value st.d. dev, filrr 
fillLS " of mean 

I 

~ 

1 0.23 ------ )black and amorphous, 
1 0.06 ... ----- )not c:)l4nted. 
1 0.03 D.<J956 nOI!-ndn 8 r on t. 
2 0.02 l.CJ02) 0.03 ~"'OOd S] -;, h t'y r'Y 2 0.D:3 0.9998 0.22 ~'7~ , _' '' :._.H ';', .• " J-

4 0.03 1.0010 O.D? )adil€rlmt at 8dge . 

2 0.10 O.99r-j9 0.02 good 
2 0,0) 1,0000 0.09 g;);)d 
1 a.o~ 1.002'1 s Lre3>: cd !: ll,'; (;l ack, 

co U c;oilbc v i ,:.)rously. 

rable 8, The; I!.ffect. ~f Current '..isnsit...y or. tiw '<!uulity of t.Lc ..:..lectro
depJsi t usi fC 4.0 J:' illimolc·s hIIJ!lor,iu:rt Oxalate, itO (al Fla ting 
Solutiot", '.d tIl ~~ or:b1 Po S Lase ~~eta1. 

Curror~t i'.;). vf Residue- 1.::ean: t · fer cent Appearance of 
densit.y 10 me h, .. va.luc std. dev. film 

fUnis of' mean 
UI:I.por!2S/ ~ 

fU 

24 em 

2.0 2 Q.O) 1.0001+ 0.09 ) 
2.5 2 o.oe 1.0020 0.0'7 ) 
3.0 :c 0.05 1.0015 0.10 ) 
3.5 2 0.11 1.0012 0.17 )ex.eellent 
4.0 :2 0.07 1.0019 0.;0 ) 
4. ~ 2 0,04 1~0025 O.Og ) 
5.0 2 0.07 1.0021 0.11 ) 
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the appc(!rf:l.nce of trie films OI' ir. the cOlI!pleto~css :;f r; lat.i(~": for cu.rrent 

densities of 2, 3, 4 and 5 amperes, Table ?J,::':I a currcr.t c.er:sity of 

4.5 to 5.0 runperes) tho p1H'.:.io(-; solution boiled vi J:,orot.:.i:ll,? Trlis lir:;its 

the rractical currcr,t aensitr to a Ifk1xiflllJJ.l of h.O 1ir.;f,E:rcs unlsss c. co::>1-

ing bath is used. 

?iJurt: J 13),1::)";';6 the e.1llount of uranlur.l plat-cd 0.1, various t.iM: int,crval~ 

usiri!<: 3.0 F.:q)eres at COO C. !"i£:;ure 4 5;10\,:8 tile logarithm of the i:<"l'CC:!lt-

e.EC uranium It::ft ill solutlor. VI:). the Lb e of platlr.c f::>r t:. CUfTCllt deLsity 

of 2.0 and 3.0 cur,peres at 1000 C., as ';,ell as 3.0 BflipEr0S ELL 8~P. Since 

a straignt. line is Froduc~d a first-order roaction rate is c:lcG.rly in-

dicc:ted. Ar. initial <.!.iveq:::ence is tiLt€; to a slo';;6r rHt.c of platir.,~ caused 

by the loy:t-:r tc:rr,p~;r;.:tw·e f.J.ul./or a lO~;(jr pd. ':.5 t,!ie electI',Jlysis pro-

gresses, the pas~a~;e of c ~{'ren t ilUfJ t:o.: ti.6 :: lJ t ~ r-!.{ s~)L t::.l..im [;OJVG the :,;,[; ti1 

tcmpl:rr~tuI' c:, ar:d a rise in pi: accollt}:unieG th~ decolf.});)sir..ior, of electrolyte 

(c.r. par e 70, pll of Flatinp; Solution). ll.i'ter t Ile first 2 to h Ii:inut.es, 

th;; reaction;, econ;cs first-order ~·:it(, the r:'l.te cor,stunts indieGLed in 

Fi[,~ u{'e l~.i'he constant for' 2.0 ru;":pereH, 0.22 rr.ir,-l, is t;>,o-tnirds tile 

constant for 3.D amreres, 0.34 l!!in-l , Silo,\,ing thaI;. the <Jfficiency of plat-

ing is about ch(j snrLC under' these two cnnciit.ioris. Table 10 lists the 

data that 7C3re !Jlotted i(: Fi[.,~uros 3, l~, 5.nd 5.' 

hecause of ttie limi tatL:ms imr:osed below 2.0 ompcr<.:s and above 4.0 

nmpere~/?4 
2 

'::lJl , tile midpoiI:t., 3.0 f.lmI] (;;r(~s, is reco;rrr.6nded us the current 

d~nsi ty !l t. ','ihich to elec trQFlrdk ur~~'~ tWl: on nioke:l or t.,onel as the base , 

u:etal • 
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'table <J. The bf'fect 01' Current Oensitl on t:le '~ uallty of t.!!C Llectro
deposit usirJf~ Standard Conditions ;:lit.h l .. ic;cel as i:asc Letc.:.l. 

Currcr:t 
densit.Y 

amI": ere ~I 
• 'J 

24 em' 

2.0 

3.0 

4.0 

5.0 

t,IO • of 
e me 
~ 

2 

4 

1 

1 

i;;ce.n 
A-value 

1.000 

0.9<)8 

0.995 

1.002 

~ Per canta 

std. dev, 
of F..ean 

0.18 

0.14· 

... --

) 
) 
) 
) 
) 
) 
) 

i'Pf,enrlJf;ce of 
fiLm 

cxceller!t 

a Thcoretice.l std. dev. of count for slrigle fila; \':as O.22fi, • 



• • 
Tiible 10. ...:uant.ity of Jr3r.iwr. i13 tee at. t.b e L.r~c. of V il'ious 'l'i.!:ilE: lnterv,ds under Various 

}latin~ Condi~ions. 

b:.ean r.;er ccr;ta ul"aniwr. pb ted! std. dev. of w.ear~ . Time of 
Flatir..g Standard 

conditions 
10 ill!?: fil.!l!s 

'1000 C._ 1000 C. 40 ,ml to tal v Ol:.i.illC, 6.0 til1i-

n':inut€s 

'3 
5 
8 

10 
15 
20 
25 
'l'" ./v 
35 
40 
45 
50 

/ 

lL~.2 
46.8 
72.3 
81.7 
95.8 
96.6 
99.6 
<)9.9 

100.1 
99.b 

100.2 
99.9 

~ 7 • .8 
3.2 
2.1+ 
1.3 
C.73 
0.10 
0.16 
0.10 
0.12 
0.10 
0.16 
O.O~ 

10 Ir.;3 films 2 'lmperes mo.:i...:;s :,)f ohm.::"or:iuo. :>~la-(.e. 

28.7 
5t:.~ 
63 .. 6 
96.J+ 
79.0 
99.h 
99.9 

100.0 
100.1 
100.2 
100.0 
99.9 

~ 9.7 
3.3 
3 t.. ..... 
0.j2 
0.20 
0 • .25 
0.30 
0.37 
0.32 
0.48 
'J.2<j 
0.35 

10 u.."S filii_S 4. ~Jg fiL!.S 10 s;; fi:Lns 

14.1 
40.1 
71.6 
82.5 
95.9 
:;tJ.o 
99.1 
97.2 

100.0 
9:). '1 

100.0 
10.::'. () 

:!: 7~8 
3.7 
,... I 
":.0 

2.3 
C'.b) 
0.02 
0.18 
0.23 
0.16 
0.10 
O.lL 
O.lL~ 

45.3 

< '/ ,.., 
UL+. I 

98.5 

9).8 

100.0 

:!: 5.7 43~ !: 4.0 

1.6 77.3 4.7 

0.12 9£.7 0.16 

0.02 99 .. 6 0.12 

100.0 0.10 

0.10 100.J 0.09 

a lS!:I.C'r; v~lL. .e in t;.ble ref,:rese;{, ts tlt€ :;;caCl of h electrorlal:.ed fiLili.s 

\J1 
\J1 
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• Speed of Stirring. 

The rate of stirring affects the rate of plating as shown in Tables 

11 and 12 where two dif ferent concentrations of ammonium oxala te were used 

employing monel as the base metal. The electroplating apparently was 

less quantitative below 400 r.p.m. with 2,0 rr~llimoles of electrolyte 

than it was with 4.0 millimoles. The electrodeposit was not quantitative 

at speeds of less than 400 r.p.m., and from 100 to 200, the entire deposit 

became black and amorphous, 

Nickel, as the base metal, gave similar res ults, Table 13, although 

the plating appeared to be quantitative from 300 r.p.m~ to 700 plus~ The 

upper limit is set by the centrifugal effect on the solution. If the ro-

tation is too rapid, the solution is apt to be thrown from the cell, In 

addition, increased speeds result in increased radial non-uniformity of 

the deposition of the uranium. The method of stirring leaves an area in 

the center of the film. which has less uranium deposited than the remain-

der of the disk. This light center becomes large at speeds of stirring 

of 800 r,p.m. and is practically non-existent at speeds of 200 r.p.m. and 

less. 

In order to deterrnine the effect of the speed of stirring on the 

specific alpha- and fission-activity, a series of films was plated at 

300 and 800 r.p.m. The data are sumrrGrized in the table below: 

No, of Mean = Per cent No. of Mean :!: Per cent 
5rng alpha std. dev. 5mg fission std t dev. 

films counts of mean films counts of mean 

300 r,p.m. 7 11527 0.11 (0.06)a 10 7361 0.11 (0.08) 
800 r.p.m, 9 11549 0.10 (0.05) 12 7357 0.11 (0.07) 

• a The value in parenthesis was the theoretical std, dev. of the count. 



• Table ll~ 

Speed 
of anode 
rotation 
r.p.m. 

100 
200 
300 
400 
500 
600 
700 

Table 12. 

Speed 
of anode 
rotation 
r.p,m. 

200 
300 
400 
500 
600 
700 

• 
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The Effect .:)f Speed of Stirrir.g on the ,:tuality -of the Electro-
deposit using 2.0 millirnoles of Ammonium Oxalate, 30 ml 
Plating Solution, with Monel as Base Metal. 

No. of Residue Mean ~ Per cent Appearnnce of 
10 mg A-value std. dev~ film 
films of mean 

% 
~-~-

1 3.8 ------ -- .... - ) black, am.:)rphous, 
1 4.7 ------ .J. non-adherent 
1 2~.4 ------ streaked with black 
2 0~5 ------ .... .,.~- streaked with black 
2 00.03 1~0017 0.10 ) 
2 0.01 1.0002 0.00 ) good 
2 0.03 1.0000 0,13 ) 

The Effect of Speed of Stirr.ing on the Qunlity of the Electro-
deposit using 4.,0 millimoles 0 f Ammonium Oxala te, 40 ml 
Plating Solution, with Monel as Base Metal. 

No, of Residue Mean ! Per cent A.ppearance of 
10 mg A-value std. dev, film 
films of mean 

% 

1 1.4 ------ ) 
1 0.4 -----. ... -- )black, amorphous 
2 0.2 -----.., inon-adherent . 

2 0.05 1.0015 0.14 
2 0.04 1.0024 0~18 ) excellent 
2 0,03 1.0022 0.16 ) 



58 

• Table 13. The Effect of Speed of Stirring on the Quality of the 
Electrodeposi t using Standard Con:ii tions wi th lUckel as 
Base Metal. 

Speed No. of Mean :!: Per centa Appearance of film 
of anode 8mg A-value std. dev. 
rotation films of mean 

; 

r. p. m. 

100 2 0.986 2.30 black amorphous areas 

200 2 0.987 1.00 black amorphous areas 

300 2 1.002 0.30 brown spots 

400 2 1.000 0.20 ) 
) 

500 2 0.999 0.17 ) 
) excellent 

600 2 1.000 0~09 ) 
) 

700 2 0.999 0.23 ) 

a Theoretical standard deviation of count for single film was 0.22% • 

• 
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No significan t differenc e was obs(;rved between the means of the films 

plated et 300 and at 800 r.p.m. It shJuld be realized, h~wev(;r, that 

the radial non-uniformity prod uced by higher speeds of stirring does 

have an effect on the specific activity, but it is so small that it was 

not sh:Jwn by the precision of these measurements. Because of the limi ta

tions below 300 r.p.m. and above 800 r.p.m., an anode rotation of 500 

r.p.m. is considered satisfactory. 

an exploring disk (c. f. page 15) was placed over 4 of the films made 

at 300 and 800 r.p.m. These data sh~w, in Table 14, that the light 

center spot does have considerably less uraniwm deposited than the re

mainder of the film. This confirms the estimates of the thickn(;ss of the 

center spot made by observt;ttion of the interference colors. 

A recent preliminary investigation has sh:JVJn tha t excellent n Ims 

can be rrnde by stirring the pIa ting solution with an up and down move.

ment of the pres8nt platinum anode. Films weighing 1, 3, 10 nnd 18 mg 

were plated using standard conditions with the exception that the solu

tion was stirred by moving the anode up and dOl'Vn a sh ort distance by hand. 

The rate was roughly 1 cycle per second, care being taken not to lift the 

anode from the plating solution or allow the anode to come in contact with 

the ca thode. 

The film thickness was uniform over the entir8 area of the electro

deposit as evidenced by the interference colors. This uniformity was 

confirmed by use of the exploring disk am the data is shown in the last 

t'NO line s of Table 14. Since the numbc:r of counts obi:...-uned from these 

films of normal uranium was small, the diffel"cnces between th e c <.;nter and 

edge of the deposit should not be considered significant, The vertical 



• 
Table 14. 

w. o • 

Film 
nwnber 

69 

80 

68 

81 

• 
Radial Distribution of Uranium ~t ~vo Stirring Speeds as Deterrr~ned by Exploring Disks. 

Size of hole Speed of Film Number of alpha counts per ~inutea 
in exploring anode weight from uncovered hole 

disk rotation 
inches r. p. m. Il'.g PositLmo 

1 2 3 4 

3/8 300 4.0 1290 = 6 1552 ! 1 1596 ~ 6 1593 ! 0 

3/8 

1/2 

1/2 

3/8 

1/2 

800 4.0 

300 4.0 

800 4.0 

1 cycle/sec.c 10.0 

1 cycle/sec. 18.0 

596 

2252 

1168 

106 

326 

3 1633 3 

16 2658 11 

9 2637 20 

a Each count is the mean of two 30 minute counts. 
b Position l--center of electrodeposit. 

1635 5 

2918 24 

3015 20 

100 

320 

2-nearly tangent to center hole (positi.::>n 1). 
3_between position 2 and 4. 

1598 

2736 

2875 

4-nearlJT tangent to th0 edge of the electrodeposi t. 
c Vertical moveID3nt of anode •. 

0 

4 

11 

Ratio of 
Qosition 1 
£osition 3 

0.81 

0.36 

0.77 

0.39 

1.06 

1 •. 02 

-
--  -:  .

 
 

"   
:  
!  
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stirring shows promise for m=tking uniform films, but does not warrant 

changing present apparatus. 

~ of Plating~ 

The percentage uranium deposited as a function of time is shown in 

Table 10 and Figure 3. From these data it is apparent that essentially 

all of the uranium M.S been dep osi ted well before the end of th e 50 

minute plating perixl. Even when the total volume of the pla ting solution 

was increa sed to 40 ml and 6.0 milliInoleS of Ammonium oxalate wa s used, 

99.9% of the uranyl nitrate was pl~tcd in roughly 35 minutes a s shown in 

Figure 5. This gave the slowest rate of pb.ting of the conditions in

vestiga ted and plotted in Figures 4 and 5. The additional pla ling time 

is used to insure the removal of the last traces of uranium from solution, 

and as a safety factor in case the temperature should be low or for some 

other reason the rate of plating should be slowed. 

In order to obt-:lin a quantitative doposit at the end of say 20 min., 

it is necessary to alter the plating variables in the direction of in

creasing the rate of plating. This results in less precision 8nd decreased 

quality of the electropla ted film. However rapid analysis with less 

precision can be made. ":.hile a short plating p eriod w:.:uld speed the 

analysis, precision must be sacrificed in an electrolysis of much less 

than 50 minutes • 
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ELECTROPL\TING SOLUTION VARIABLES 

Quantity 2f Electrolyte. 

Table 15 shows the effect of v .. rying the quantity of Glsctrolyte 

on tho quality of the electrodeposit using monel as tho base metal. 

From these data it is apparent that tho quantity of electrolyte from 

2.0 to 6.0 millimolos has little effect on the specific activity when 

the plating is carried out for 50 minutes. The quantity of electro

lyte dOGS not seem to appreciably roduce tho rate of dE::position of 

uranium, for the films are qua~titative with as rrruch as 6.0 JIlillimoles. 

Tho next section on VolUffi.£ of Plating Solution will give additional 

da.ta. If slightly less than 2.0 rnillimoles is 'J.sed, tho quantity of 

olcctrolyte is insufficient to ~btain an adherent deposit. These 

data definitely indicate that the quantity of 2.0 millimolos which was 

reconunond0d for electroplating on platinum is on the extreme lower 

lilPit when monel is used. 

The efi'oct of varying the quantity of oxaht0 when nickel is 

used as the base metal is indicated in Table 16. In this case 2.8 

millimolGs of ammonium oxalate must be used before a satisfactory 

film is producod. Six millimoles giv~s excellent results. From 

thes l:; data, it would appear that from J to 6 millimolos giv~s good 

electroplated films and 4 to 5 millimoles is recommendod. As more 

electrolyte is used, it should bo realized that the rate of plating 

is decreasod slightly, and tho other conditions such as current 

density and p:trticulilrly temperature must be maintainod to insure 

qu~mtitative p1..:.ting. 

',\ 
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Table 15. The Effect of the Qlli~ntity of Electrolyto on the Quality 
of the Electrodeposit using Monel as Base Metal. 

Quantity of No. of Residue 
arrunoniull1 9 mg 
oxalate films 
millimoles - ~ 

a 

0.4 

0.8 

1.2 

1.6 

2.0 

2.4 

2.8 

3.2 

3.6 

4.0 

h.h 

4.8 

5.2 

5.6 

6.0 

1 

1 

1 

2 0.31 

2 0.02 

2 O.O,? 

2 0.01 

2 0.05 

2 0.02 

2 0.04 

2 0.08 

2 0.01 

2 0.01 

2 0.03 

2 0.05 

a Mean 
A-value 

0.9950 

1.0006 

0.9996 

0.9978 

0.9993 

0.9991 

1.0008 

0.9996 

0.9996 

0.9998 

0~9998 

0.9990 

~or cent Appearance of film 
-std. dOVe 

of mean 

) 
) black, amorphous 
) non-adherent. 
) 
) 

0.16 poor adharence, 
black steaks. 

0.18 ) 
) 

0.01 ) 
) 

0.15 ) 
) 

0.06 ) 
) 

0.20 ) 
) 

0.06) good 
) 

0.06 ) 
) 

0.03 ) 
) 

0.02) 
) 

0.16 ) 
) 

0.05 ) 

The t-tost indicated no significant difference between any two 
A-values obtainod from 2.0 to 6.0 millimolos of ammonium oxalc:.te. 
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Table 16. 

Millimoles 
ammonium 
oxaL..1.tc 

2.0 

2.4 

2.8 

3.2 

4.0 

6.0 

64 

The Effect of the Quc:mtity of Electrolyte on the Quality 
of the Electrodcposit using Nickel as Base Metal. 

a 
No. of Mean 
10 rug A-value 
films 

4 0.990 

4 1.000 

4 1.001 

16 1.000 

4 0.998 

8 0'.9<;8 

40per cent 
b 

std. dove 
of mean 

0.25 

0.05 

0.05 ) 
) 

0.08 ) 
) 

0.05 ) 
) 

0.13 ) 

Appearance of film 

black, amorphous, 
residues high. 
black, amorphous. 

ozccllent, uniform, 
very D.dh8rent. 

a The t-tost shows no significant difforencQ between any of the values 
from 2.4 to 6.0 mill:im.o18s. 

b , 
Theorctice.l standard deviation of count for a single film was 0.l8~b • 
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Y I 
The effect of varying the volume of pbtirl£ solution a.s well n.s 

the quantity of arrunonium OXi.:.late appears in Table 17 where monel w~s 

the base metal. Increasing the total volwne of tho plating solution 

to 40 ml gave excellent, smooth, adherent films with quantities of 

4.0 to 10.0 millimoles of arrunonium oxalate. ~\!hen the total solution 

volume 'was incre[~sed to 50 ml using from 4 .• 0 to 10.0 millimoles of 

electrolyte, the resuiting films for the most part were not quantitative 

This was pt.'-rticularly true with the larger oy.a.late concentrations. 

Effects with nickel very similar to those vath monel were obtaii.1.0d 

by varying the total volUJ!l.c of the solution and the quantity of ammonium 

oxalate. Films made with a 50 ml plating solution were of botter 

quality triln those on monel, T11-.:;)so data are summarized in Table 18. 

In ordor to deternune if any significant difference existed in the 

specific activUy of films p13.ted with 30 ml total solution and 2.0 

millimoles of oxaL..1.te compared 'with 40 ml total volume and 4.0 IPilli-

moles of arrunonium oXi1late, two series of films were :r-;lD.ted. Eight 

films under the first conditions gave a mean A-value of 0.9996 

i 0.0026, while the second conditions gave a mean A-value of 0.9993 

+ 0.0028. Obviously, no significo.nt difference can be sho1!!D between 

these moans. 

In Figure 5 is plotted the logarithm of the quantity of uranium 

in solution vs. t:iJno of plating for a total cell volume of 40 ml and 

6.0 mill:linolc s of anunonium oXt.:1.JJJ.tc compared with 30 ml total volumo 

and 4.0 millimole s of electrolyte using nickel as the base metnl. 

• This gri1. ph indicat es that tho rate of pJ..2.ting is not appre ciably. 

reduc ed by the lo.rgor volume and incroased electrolyte concontr2.tion. 
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Table 17. The Effect of Volume of Plating Solution and Quantity 
of Electrolyte on the Quality of the Electroo.eposit 
using Monel as fuse Metal. 

Total volume Film Millimoles Residue Mean Appearance of 
of plating weight anunonium A-value fiJm 
solution oxalate 

ml mg -, 
40 9 4.0 0.9981 ) good 
40 9 4.0 0.9988 t-
40 9 6.0 0.9952 
40 9 6.0 0.10 0.9989 ) 
40 9 8.0 0.10 0.9998 ) 
40 9 8.0 0.20 0.9994 ) excellenta 

40 9 10.0 0.09 0.9979 ) 
40 16 8.0 0.04 1.0006 ) 
40 11 10.0 0.05 0.9957 ) 

50 9 4.0 0.01 0.9982 ) 
50 9 4.0 0.01 0.9982 ) fair adherence 
50 0 

/ 6.0 0.7 0.9961 ) 
50 9 6.0 1.6 ------ ) non-adherence 
50 9 8.0 1.6 0.9789 ) 
50 9 10.0 3.5 0.9460 ) 
50 16 S.O 3.5 0.9760 ) 
50 16 10.0 8.5 0.9135 ) fair adherence 
50 13 8.0 3.2 0.9683 ) 
50 13 10.0 10.3 0.8736 ) 

aAll of these films were of the highest quality. The adherence was 
so good that the deposit could not be scratched with the thwnb-nai1. 
Several fiL'lls counted after this treatment indicated thG.t none of 
the deposit had been removed. The light center spot Vias smaller 
and the overall uniformity of the film better than v:hen 30 ml 
plating volume was used • 



 

• Table 18. The Effect of Volume of Plating Solution and Quantity of 
Electrolyto on the Quality of the Electrodeposit using 
Nickel as Base Metal. 

Total volume Film Millimoles Meana +Per cent Appearance 
of plating weight arrunonium A-value std. dev. of film 
solution oxalate of mean 

40 7.8 4.0 1.000 0.16 ) 
) 

40 7.8 6.0 1.002 0.14 ) 
) excellent 

40 7.8 8.0 0.999 0.l7 ) 
) 

40 19.8 6.0 1.002 0.10 ) 

50 7.8 4.0 non-adherent 

50 7.8 6.0 1.000 0.13 ) 
) 

50 7.8 8.0 1.000 0.15 ) fair adherent 
) 

50 7.8 10.0 0.997 0.25 ) 

30 3.9 4.0 1.001 0.16 ) 
) 

35 J.9 6.0 0.998 0.21 ) excellent 
) 

40 3.9 6.0 0.999 0.19 ) 
) 

45 3.9 8.0 1.000 0.05 ) 
) 

50 3.9 8.0 ·0.999 0.12 ) 

a Each value r epresents the mean of four films • 

• 
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• With the more uniform and more adherent nature of the electro-

deposit obtained when using a total cell volumo of 40 mI. and 6.0 

millimols of ammonium oxalate, it seoms advis~ble to recommend these 

conditions. 

pH of Plating Solution 

To detormine if tho pH of the plating solution had an effect on 

the quality of the fillY,s, solutions- were adjusted to different pH values. 

Sufficient nitric acid or ammonium hydroxide \~s added to give tho 

pl~ting solutions initial pH values of 1.0, 2.0, 3.6, 5.0, 6.3, 7.0, 

and 9.0, The uranyl nitrate solution alone had a pH of 3.6, and after 

addition of the electrolyte it was 6.3. Four films from each of these 

solutions of different pH values wero plated. After tho electrolysis, 

the pH of one plating colI was determined from each set of four. 

From the da te, in Table 19, it is apparent thn.t the pH of the plating 

bath before oloctrolysis can bo varied \ndely without affecting the spec i-

fic activity. No significant differenc8 can be dot 0rminod between any 

two pH values from 2.0 to 9.0. Only 1I"/hen tho initial pH was 1.0 did the 

count change appreciably. In this case, it should be noted that the pH 

of tho ple.ting bath after the 50-minute e lectrolysis was only 1. 2. In 

all other, cases, regardless of tho initial pH, the final value s were in 

the range 8.5 to 8.9 with no appa.rent correlation between initial and 

final pH vfllues. The physic!:'.l appearance of the plated films was essen-

tially tho same although thero was a tendency for films plated at a low 

pH to have a darker color than those plated at a high pH. 

From the abov03 data, it would appear that the rate of plating in an 

• acid solution is slow. This was substantiated by determini.ng the quantity 
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Table 19. The Effect of the Initial pH of Pluting Solution on the 
Quality of tho Eloctrodeposit. a 

Initial pHb pH solution pH of nitrate C No. of Mean No. fPercent 
of plating at ond of solution before 10 mg. alpha -std. dev. 
solution electrolysis addition of o.m- films counts/ of mean 

monium oxalate minute --
1.0 1.2 4 1076 15.4 

2.0 8.9 4 6444 0.17 

3.6 8.6 1.0 4 6456 0.12 

5.0 8.5 2.0 4 6474 0.08 

6.3 8.7 3.6 4 6459 0.18 

7.0 8.7 4 6472 0.09 

9.0 8.7 4 6462 0.05 

a Tho films plntod at pH of 1.0 had a tendency to be non-adherent. The 
remainder of the filr,~s wore all of good quality, although there 'was n 
tendoncy for films plated at the lower pH values to be somewh:::.t darker 
in color. 

b pH ~dlues 5.0 to 6.3 represents the initial pH of plating solutions 
using standard procedure. 

c The nitric acid or an~oniun hydroxide vms ndded to tho uranyl nitrate 
solution before the anmloniwn oxalate • 
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of uranium plated at the end of different intervals of time employing 

plating solutions having different initial pH values. The data is shown 

in Table 20 and Figure 6. The slow rate of plating in acid solution is 

probably caused by the high mobility of the hydrogen ion or re-solution 

of the deposit. This results in a smaller fraction of the current being 

carried by the uranyl ion present. The gradual transformation of the 

electrolyte from ammonium oxalate to ammonium carbonate, and the sub

sequent loss of carbon dioxide during electrolysis results in the neutra

lization of the nitric acid present and an increase in the pH value. 

The curves in Figure 6 clearly show that the rate of plating is 

slowed considerably at an initial pH of 2.0 or less. At a pH of 1.0, 

the rate of plating is extremely slow. It is realized that the curves 

dra~m representing pH values of 1.0, 1.5, and 2.0 are not precisely fixed 

by sufficient points or by the accuracy of each point. However, the ob

ject of this experiment was to show the delay in plating caused by a low 

initial pH, and that point is clearly demonstrated. In the case of an 

initial pH of 1.0, the results were very erratic. Apparently this is a 

critical range, Rnd small chRnges in temperature and other plating vari

ables caused the pH to change at different rates and produced large effect f 

on the rate of plating. In order to obtain precise curves of low initial 

pH vs. time of plating, the variables must be cloaely controlled, and 

that is not possible with the present apparatus. The four values obtained 

at the end of 50 minutes (dotted line, Figure 6) were plated on a separate 

day from the other solutions of pH 1.0. 

This investigation has shown that an initial pH of the plating solu

tion from 2.0 to 9.0 gives satisfactory electrodeposits. The present 
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• Table 20. The Effect of the Initial pH of Plating Solution on 
the Rate of Plating. 

Initial pH pH of solution Time of No. of Percent 
of plating at end of electro- 10 mg plated 
solution electro lys is lysis films 

ml.nutes 
l.Oa 10 1 0.15 
l.0 20 1 0.15 
1.0 30 1 7.5 
l.0 32 1 31.8 
1.0 40 1 97.3 
l.0 40 1 48.0 
1.0 8.5 50 1 96.9 
1.0 1.2 50 1 16.6 
l.0 l.3 50 1 19.6 
l.0 l.2 50 1 9.5 
1.0 1.3 50 1 2l.3 

l.5 5 1 l. 57 
l.5 10 1 17.0 
1.5 . 20 1 98.3 
l.5 30 1 100.0 
l.5 50 1 100.0 

2.0 3.4 6 1 5.9 
2.0 4.9 10 1 2l. 0 
2.0 3.6 11 1 26.4 
2.0 7.1 13 1 42.8 

, 2.0 8.6 20 1 98.8 
2.0 8.9 50 4 100.0 

6.3 3· 4 14.1 
6.3 5 4 46.8 
6.3 8 4 71.6 
6.3 10 4 8l.7 
6.3 15 4 95.8 
6.3 20 4 98.6 
6.3 25 4 99.6 
6.3 30 4 99.9 
6.3 35 4 ]00.1 
6.3 40 4 99.8 
6.3 45 4 100.2 
6.3 8.7 50 4 99.9 

a Sinc e the films plated from a solution with an initial pH of 1.0 ware 
so erratic, the individual values have been given for each film in-
stead of a mean • 

• 
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nitrate solutions when prepared for electroplating have a pH of 5.0 to 

6.6, well within the limits as stated above. 

Rate of Re-solution of Electrodeposit 

It was desirable to determine the rate of re-solution of the 

electrodeposit in order to know how rapidly the plating solution must 

be removed and the film dried after interruption of the current at the 

end of the electrolysis. It '.'!ould also indicate the need of adding an 

inert liquid such as methanol. 

A series of 5 mg. films were plRted under standard conditions with 

the exception that methanol was not added to the cell at the end of the 

electrolysis, The ho·t residual plating solution was allowed to stand 

in contact with the fi 1m for various lengths of time, Table 21. These 

data indicate that there '!JaS no significant re-solution of the electro

deposit even at the end of one hour. A second series of 5 mg. films 

plated under sta.ndard condi ti.ons inc ludin~ the adeli tion of methanol gave 

similar results after standing in contact with the film, Table 21. These 

results were unexpected and in marked contrast to the results obtained on 

platinum reported by Cohen and Hull*, where at the end of one hour 383 

micrograms of ~308 had dissolved from a film plated for 50 minutes. 

Because of this apparent di.fforence, additional work was undertaken 

using various conditions and the results are summarized in Table 22. It 

is seon that ~Nhen the hot plating solution is allowed to rema.in in con .. 

tact ·'Ni th the completed film, there is no noticeable re- solution of the 

electrodeposit, condition 1 • 

*3608 footnote page 4 
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Table 21. Rate of Re-solution of Electrodeposit. 

Time in contact A-valuea 
U308 Time in contact A-Value a 

U30~ 
with hot plating dis sol ved with plating disso ved 
solution, 80°C. solution plus 

methanol 
minutes micrograms minutes ~ m1crograms 

0 1. 759b 1.0 0 1.877° 

1/2 1. 765 1.0 2 1.881 0.0 

1 1. 759 2.5 2 1.880 0.5 

1 1. 756 2.0 2 1.870 1.3 

2 1. 756 2.2 2 1.877 0.0 

5 1. 756 1.8 5 1.872 0.0 

60 1. 763 1.8 5 1.883 0.7 

60 1.767 8.7d 15 1.880 1.5 

60 1. 763 O.Od 15 1. 881 1.5 

60 1. 768 1.8d 15 1.875 4.5 

60 1. 762 1. 5d 

a Each value represents one 5 mg. film. 

b Mean of 8 films using standard conditions. 

C Mean of 20 films using standard conditions. 

d The residual uranium was determined by plating the solution for 50 
minutes using ~.O millimols additional ammonium oxalate • 
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Table 22. Re-Solution of Electrodeposit in Re sidual Plating Solution and in Distilled Water. 

ConditionQ. 

1 2 3 4 5 
Film U30s Film U30~ Film U30S Film ·Ui08 

we ight dissolvod 'Neight disso ved weight dissolved "re ight dissolved 
Film U308 

we ight dissolved 
mg. micrClgrnms mg. micrograms mg. nicrClgrams mg. micrograms mg. micrograms 

9.7 5.5 9.7 59 7.4 1.9 7.3 175 9.7 6.5 
9.7 6.5 9.7 27 7.4 1.6 7.3 74 9.7 7.8 
9.7 7.3 9.7 35 7.4 3.7 1.3 51 9.7 6.4 
9.7 5.3 9.7 49 7.4 1.6 7.3 91 9.7 5.0 
7.3 3.6 9.7 129 7.4 7.3 
7.3 0.0 9.7 77 7.4 7.9 
7.3 2.2 9.7 38 7.4 4.8 
7.3 1.0 9.7 62 7.-1 5.7 
9.7 7.1b 7.3 82 
9.7 8.lb 7.3 60 ......  

9.7 3.2b 7.3 77 
7.3 44 

Mean 4.5 62 4.3 98 6.4 

a Condition 1 - Standard proc edure, methanol not added, hot residual plating solution alloi~~ d to stand in 
contact with film for one hour. Solution r uplntod using 4.0 millimols addition~l ammonium  
oxa I n. te •  

Condition 2 - Standard procedure , hot residual pl ~ting solution discarded, cell wa shed thoroughly with 
distilled water. 30 ml. distill ~ d water allowed to st~nd in contact with film for one hour. 
30 m1. water pla ted using standard procedur-a . 

Condition 3 - Standard proc edur e except plat ed for only seven minute s. 75% of uranium plated giving 7.4 mg. 
films, hot residual pla ting solution discarded. cdl washed thoroughly with distilled water.  

30 ml. distillGd wP,tor allowed to stand in cont6.0t with film for one hou". Wat 3r r ,:;pla t ed. 
Condition 4 - Standnrd procedure , methanol not added, hot plating solution disca rded, colI rinsod with 

BOoC. distill ed 'Nat 0r. 30 m1. distilled w'lt or, 800 , allm-:::l d t o r emn. in in cont::..ct with film 
for one hour. The 30 mI. of w~te r w~s plated. 

Condition 5 - Stflndard proc odure , metkmol not n.dded, hot pl? ting solution discardod, cell rins ed with ~ 

distill8d v:ate r (pH 8-9). 25 0 • This wabr f;l.llo-.:w d to r ema in in contact -vith film f or one hOllr. 

~ 
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However, if the residual plating soluti::>n is replaced v.ith hot or 

cold distilled water a significant quantity of the electrodeposit is 

dissolved, conditions 2 and 4. This amount is only about one-fifth that 

reported by Cohen and Hull on platinum. There apparently is no difference 

in the rate of re-solution using cold, 250
, or hot, 800 , distilled water. 

The pH of the distilled water used was roughly 6.3, while the resid-

ual plating solution had a pH value of apsroximately 8.5. To determine if 

pH \v.as the reason for the observed difference between the distilled water 

and the pIa ting solution, 10 mg films were plated using standard conii ... -

tions, and then allowed to remain in contact with cold distilled water, 

pH 8 to 9, oondition 5. The quantity of U308 dissolved from these four 

films was small and not significantly different from the amount dissolved 

by the residual plating solution. This clearly indicates that it is the 

slightly acidic nature of the distilled VIa ter that causes the resolution 

of the film. 

~ 

Noting condition 3, Table 22, it will be seen that there was no re-

solution of the electr0deposit when cold water was allowed to stand in 

contact with the film for 1 hour, the films having been plated only 7 

minutes. These data should be compared with coniitions 2 and 4 where 

cold and hot water both dissolved significant quantities of the electro-

deposit of films plated for 50 minutes. This fl'l:;ans that the electro-

deposit obtained after only 7 minutes is more resistant to re-solution 

than films of comparablE; weight after 50 minute electrolysis. This is 

exactly opposite to results reported by Cohen and Hull where platinum 

was used as toe base metal. At the moment no explanation is available 

other than tha t the electrodeposi t undergoes some change in hydration or 

crystalline structure with prolonged heating and e10ctrolysis. 
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Considerins the 8xtrcmc..ly slovi rate of r EO - solution of UtE; electro

dGPosit in tile hot r '::. sidu:d. plrl.t ing solution, the addition of the 60 ml of 

rr.otlv:;ool to the plr, ting cell n. t the cnd of th e ele ctrolysis seems of no 

vClluo . It is propos"d tnat the hot ple ting solution be poured out, a nd 

th8 cell rinsed 'f'i th :=t spra~' of fii<.:tbanol fron: a wash bottle to r emove 

the li quid from th [. fi 1m prior to igni tion. 

1JlSCELLi-.NEOU S V].fUAEL1S 
I 

Ignitio~ of Film. 

Ignition of th E: electropli:1.t .c;d film wi tl l the subsequent incrco. s e in 

specific a ctivity indic8 t es tiF, t during th ~ e l e ctrolysis v.::ri0d :::I110unts 

of i rnr, urities G.re d epositod in a ddition to tt. €: uraniwli. Tnest; ir;,[,uriti8s 

prob~"-bl~r erE: oxygen :'nd ca rh)n. The loss or FirtiDl loss of t l,CS6 i.H.~ 

puritiE s by i gnition decre.?ses t he P"G10unt of ::t l phc. or fission pp, rticle 

" bsorp ti::>n. 

-',ith pl:1.tinwn a s bns€ {lJe t a l, the liLT.s wore ignited ~~ t '" t cmpcrCl

tur(. of 7000 C. iiowc;vEr, t lJ<: oxid:, tion of monel c:. nd nick81 prohibited 

this high ignition t cmpe r 5.ture . 1.n orde r to obt e.in e. r '2producible 

sp E'. cific a ctivity from c10ctrop l c:ted fil;;,s, 3. s " ril:;s W';1S rlD.t!~d i",nd t b 8n 

i gnj t ed! t vc.r ious tempcr:otur;c: ::. anci for differ ent len,~; ti'ls ::>1' t,i.n~, i\~ :)[!e l, 

sir.ce it V!R S used as E". b:,slJ rr;8 ta 1 befo!T nicl~G 1 VJ8.S investit a t ed first. 

The d '" t n f: r o swTItlarizcd in T:~bh) fJ 23 a nd 24. 19ni tinr~ fi 1ms f J r 10 

minutes ~ t differ ent ter;lper <ltur'e::3 sh:)wed rough ly s 0,7£ incl'C,o s!,; in A

v:".lu6 fron. no igniti0n t.o 3500 C. Frof!, 3500 
to 5000, 1: pln t en u r egion 

W'1 S found where no s i gnificc:nt (U.ffe r(~nc c ir. th e J. -va lue WetS observed • 
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Table 23. The Effect of Ignition Temperature on tho A-va luc using 
Monel as Base lldetal. 

Ignition 
temperature 
{10 minutes) 

°c 

no ignition 
250 
300 
350 
400 
450 
500 

Nwnber of 
8 JUg films 

2 
2 
2 
2 
2 
2 
2 

Meana 

A-value 

1.0000 
1.0035 
1.0040 
1.0071 
1.0066 
1.0075 
1.0076 

+Per cent 
std. dev. 
of mean 

0.15 
0.13 
0.10 
0.01 
0.05 
0.10 
0.04 

aA-value of unignited film arbitrarily adjusted to 1.0000 

Table 24. The Effect of Time of Ignition on the A-value of 8 rug 
FiJ.lTls Heated at 4250 c. 

Time of I gnition 

minutes 

o 
1 
5 

10 
30 
60 

Mean A-value 
of 5 films 

1.0000 
1.0035 
1.0068 
1.0074 
1,0074 
1.0070 

!,Per cent std. 
deve of mean 

0.15 
0.05 
0.07 
0.11 
0.07 
0.05 

aA-value of unignited film arbitrarily adjusted to 1.0000 
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Selecting the midpoint of this plateau region, 4250 , a series of 

films was ignited for different periods of time. The A-value 

showed a 0.7% increase up to 10 minutes ignition, but from 10 to 

60 minutes it was essentially constant. 

Investigation of the effect of the temperature and time of 

ignition on the A-value of films plated on nickel is summarized in 

Table 25 and graphed in Figure 7. The results are very similar to 

those obtained using monel. As was expected, a rapid initial in-

crease· in A-value accompanies the incrense in temperature. In the 

cnse of the 538 0 C ignition, a decrease in A-value was observed 

after 10 to 15 minutes, due to the oxidation of the nickel. This 

effect would probably be observed at 316 0 nnd 427 0 ignitions with 

prolonged heating. It is desirable to have t.he ignition time as 

short as possible, and the temperature in a region where variations 

in the electric furnace will not affect the specific activity. 

Considering the data on both nickel and monel, an ignition temper-

o 0 
ature from 425 to 525 C from 10 to 15 minutes showed no signifi-

cant change in A-value. A time and temperature within these ranges 

are reconunended. 

Addition ££ Metallic Impurities. 

As mentioned in a previous section, the films of inferior 

quality plated occasionally by routine production has been attributed 

to incomplete degreasing of the base metal. Before this fact was 

established, it was decided to investigate the effect of possible 

metallic impurities on the quality of the electrodeposit. Vfuile 

all such impurities which come in contact with the uranium hexa-

fluoride are theoretically removed, same in small quantities may be 
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Table 25 The Effect of Temperature and Time of Ignition of the Electrodeposit on the A-value using 

Nickel as Base ketal. 

Time of ignition 
minutes 

Ob 

1 

5 

10 

30 

60 

93° C 

1.0000 to •. 12 

0.9998 0.08 

1.0008 0.08 

1.0016 0.11 

1.0040 0.04 

1.0043 0.04 

Mean h-value t Eer cent std. dev. of mcana 

Tenipera. ture 

- 204° c - _316° C_ _427° c - _5380 C -
1.0000 ±0.14 1.0000 :0.19 1.0000 !0.10 1.0000 ±0..l6 

1.0010 0.03 1.0018 0.10 1.0046 0.02 1.0070 0.08 

1.0058 0.03 1.0045 0.13 1. 0055 0.14 1.0078 0.12 

1.0033 0.12 1.0056 0.15 1.0077 0.18 1.0075 O.C!} 

1.0044 0.10 1 •. 0085 0.09 1.0078 0.17 1.0075 0.18 

1.0058 0.15 1.0080 0.15 1 •. 0071 0.18 1.0044 0.14 

• 

a Ii t 93° and 204°, each mean represents 4 films. f. t the remcl.lmng tempera tur€S, each mean represents 8 
films. The theoretical standard deviation of the count was {).22%. 

b i.-value of unignited films arbitra rily adjusted to 1 ... 0000. 
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carried over in the distillati::m stE;p by purely mechanicB.l means • 

Hence a sf.: ries of heavy metals werf: added to the plating solutj.on. 

l£uch larger quanti tics were added than could possibly be present 

in order to magnify the results. The data are shown in Table 26, 

and swruTh~rized below: 

1. Aluminum: The additiDn of 1.0 mg of alwninum as ,the nitrate 

does not lower the counting rate. The films are of good qual-

ityand appear norIllBl in all respects. 

2. Cadmium: This metal added as the nitrate caused the films to 

be dull in color and .'\hen 5.0 mgs oi' cadmium was added the films 

began to apfJear amorphDus and non.-adherent. The addition or 

cadmium did not lower the alpha activity. Strangely enough, 

considering thE; l~~rge crDss-secti·:m of cadmium for slow neutrons, 

the addi tion of 5.0 mg of cadmium had no noticeable effect on 

the specific fission activity. It is entirely possible, how-

ever, that the cadmium was not plated with the uranium but re-

m.::tined in the pl;>.t.ing solution. In any event, its presence in 

the plating solution has no apparent effect on the electrodepos-

it except to make the film less adherent to the base metal. 

3. Chromium: This is the mDSt probable of all contamim.nts since 

it could ge t into the solutiDn nfter the purifica ti on steps. 

If ~ny of the chromic acid used in cler!.ning the pi? ting cell 

were not r€Iloved by the successive water rinses, chromium would 

reIIlr'1in 2nd be introduced into the pla.ting sDlution. When as 

little 11S four to five drops of this cleaning solution art:: 

added, the resulting film counts ro~hly 3% low. This addi-

tion does not cause the film to peel, but the interference 

colors Rre S olIlE::wh!l t darker. 
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Tp,blc 26. The Effect of t hE: didition of ; .. s t :-:.llie III,p tJ'ities to the Fb.tir,g Solution on t;. <: ~u::· lit~l' of 
the E1cctrodcposit. 

1:etal 
s.dd ed 

~uantity:1 
r-.dded 

Form i'~ o. of r. <- c·n :!: PeT Ceu t 

1~1 u.rninum. 

Cp..dmium 

ChroIT'iwn 

Copper 

Iron 

Er..nga ne se 

i'~ ickel 

r.g 

1.0 

2.5 
5.0 

2 drops 
4 drops 
5 drops 

2.5 
20.0 

2.5 
5.0 

20.0 

1.0 

2.5 
5.0 
7.5 

20 .. 0 

i.lur.linwn 
nitr:\ t e 

C,'1dmium 
nitr;t t e 

Chromic 3cid 
cl<::'::ning 
solution 

Cupric rd tra tE: 

Ferric 
sulf.::_ t o 

L2ng<:nous 
suli' ''1 t o 

idckel 
chloride 

Tin 1.0 Stn.DDOUS 

ehlor-ide 
~- t't 1 1 " ;,.~u·"', !"! l y C1: cu a ted r.:s the met~l 

8 ;,>g i.-v::t.lue 
fiDIlS 

4 0.999 

I 0.992-... 
4 0.')96 

3 1.004 
3 0.977 
" 0.968 .:> 

4 1.001 
4 0.850 

4- 0.999 
8 0 .999 
4 0.935 

4 1.000 

4 0.999 
8 0.996 
4 0.'79 :;, 
4 0.954 

4 0.999 

bThase films were 011::0 fission c ounted: 2.5 mg C~-F-v2.1ue o~ 0 .997 ! Q.7 
5~0 rr~ Co--F-vJlue 01 1.004 ~ u.8 

std .. dev. 
of !;tep.n 

0 .. 23 

0 .. 18 
0.10 

0.27 
1.0) 
l.03 

o lr • ..L'::: 

2.15 

0.20 
0 .. 18 
1.31 

0.15 

0 .60 
0.32 
" ,-. ,-
V.,r(:;J 
? - ~ ') 
_.c--' 

0.C9 

;.ppce.rance of filrr.s 

good 

dull color 
dull color, sligil L1y 
fjon-? dhE::r :mt. 

) 
) good 
) 

dull color 
bb.ck, t:unorphous, non
udrwr.znt. 
good 
good. 
dull, uneven 

good 

good 
slig:.t brown s tl' c~aks 

or o-·:m , 
blr.c! __ ,. ,<tmoq :hous, IlOIl-

.o:dhen .. nt 
good 

~ 

.. 
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Chromic acid can cause the films to peel however. 

vVhen the assembled cell is cleaned with chromic acid just 

prior to adding the various components of the plating solu

tion, the nickel has a tendency to acquire dark brown-grey 

stains on its surface. When such a disk is used, the result

ing film very frequently peels over these stained areas, 

By omitting the cleaning solution and stains it puts on 

the disks, the plating procedure is improved and this added 

operation eliminated. 

4, Copper: The addition of 2~5 mgs of copper as cupric nitrate 

caused the films to look dull, but had no apparent effoct 

on the specific aotivity. With a large addition, 20 mgs, 

the films were black, amorphous and non_adherent. 

5. Iron: This metal added in the amounts of 2.5 and 5.0 mgs 

had no noticeable effect on either the appearance of the 

film or the specific alpha activity. When 20 rugs was added, 

the films were uneven and dull in color. The A-value was 

lowered about 6.5% • . It was interesting to note that after 

seven minutes electrolysis the plating solution became 

basic enough to precipitate the remainder of the 20 mgs "of 

iron as ferric hydroxide. 

6. "M:mganese: The presence of this metal had no apparent effect. 

7. Nickel: The addition of nickel as the chloride in quantities 

comparable to the weight of U j) 8 caused the films to be 

dull in appearance. "The films plated with 20 mgs had black 

streaks and appeared partial~ amorphous and non-adherent, . 

The specific alpha activity was lowered by 4.5% 
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8. Tin: Add E;d c. S st.:.:nnous chloride , tin hCid no arr::~ r c'rlt 

d Cl trimentp. l effects on th (. c l cctrodoposit. 

It can be seen from the amounts of heavy metal impurities 

which had to be added to obtain these effects that this source 

represents little or no danger to precise electroplating. When 

85 

20 mgs of metallic ion was added, the lowered A-value Has due more 

to failure to plate properly than to absorption of alpha particles 

by the impurity. It is practically inconceivable that any metal, 

other than chromium, should pass the various purification steps 

in amounts comparable to the quantity of uranium in the sample, 

and it required such amounts to produce even these small effects. 

The author desires to express his sincere appreciation to 

Dr. D. E. Hull and Dr. F. W. Hurd for their most able assistance 

and liberal direction of the work. Special acknowledgment is made 

to Mr. Warren Brehm, Mr. Joseph Fax and Mrs. Irene McAuliffe for 

their skillful performance of much of the experimental work. With

out the above assistance, this investigation would not have been 

possible • 
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SUMlvi.ARY 

A description of an efficient multiple plating unit is described 

including photogra,phs and wiring diagram p A good electroplated film 

is described and me thods of determining the quality is discussed. 

In the counting metnods of isotopic analysis, it is desirable to 

obtain Vi i th low concentra tions of the 234 and 235 isotopes a smooth, 

adherent film as heavy as 16 mg per 24 cm2 , With platinum as the base 

metal, 4 mg appeared to be the upper 'limit plated consistently. Inves-

tiga tion of different metals, gold, silver, copper, aluminum, monel 

and nickel as possible substitutes for platinum, revealed that monel 

and nickel were superior, nichel being the be tter of the two. With 

the use of nickel, it is possible to plate 24 mg p er 24 cm2, although 

16 to 18 mg is the upper limit f o r an excellent ele ctrodeposi t. Nickel 

or monel are used once and disca rded, eliJnin:.lting the co unting of the 

disc for presence of residual uraniurrl. 

The surface roughness of the b~se meta l has an effect on th e speci-

fic activity of the plated uranium, but a cold rolled nickel or monel 

surface is reproducible and satisfactory. Investigation of me tnods of 

cleanir.g the nickel surf'lce prior to electrolysis indicated n simple 

degreasing to be th~ bes t. 

A comprehensive study of the quantitative elEctroplating me thod 

using nickel and mone l 2- S ttl t'; base meta l indica tGd the folloViing condi-

tions would give an excellent electrodeposit: 
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1. Ammonium oxalate selected from a series of ammonium salts • 

2 •.. Temperature of plating bath .. -80o ~ 50 c. 

3. Current density pur 24 cm2--3.0 amperes. 

4. Speed of anode rotation--500 r.p.m. 

5. Time of electrolysis--50 minutes. 

6. Quantity of ammonium oxalate--6.0 millimoles. 

7. Total volume of pll'.ting solution--40 ml. 

8. Initial pH of plating solution.-2.0 to 9.0 

9. Ten~erature ~nd time of ignition of electrodeposit--425° to 

525
0 

C for 10 to 15 minutes. 

The r1?te of re-solution of the electrodeposit in the residun.l plating 

solution was negligible and the ·addition of srr~ll quantities of a number 

of metallic k .purities to the pl<l.ting solution has no significc.: nt effect 

on the quality of tho electrodeposit wi til the exception of chromium and 

nickel. -:'fith core ful technique, a standard devi, lion of 0.15% or less 

is the error of this electrople.ting method. 

Usinc nickel or m0nel as a bnse metal, the quantitative electro-

pl'-'.ting method using the above menti::Jned conditions is capable of 

producing excellent electrodeposits of urunium for the alph2 end fission 

counting metdods of isotopic anCl.lysis • 
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.. Summary: 

The following Vlork supplaments tha report-lr by C. McAull.ffe. 

The methods and apparatus used were identical. It was noted that 

difficulty existed in obtaining precise results when counting U308 

filfi1.5 weighing less than 0.5 milligrams. To study this effect the 

experiments described in this papar "Were performdd. Th.;:sG experi-

ments indicate that for films weighing less than 0.6 mg. the pre-

cision of a given result is a function of the film w~ight~ 

Experim.antal: 

Films ,~ eighing from 0.02 mg to 0.634 mg. were made using identical 

pl':-lting proc edures. For each film ,,;dght investigated, 12 films \'yore 

made from solutions obtain:;d from the Counting Section. The following 

table correlates tho film numb~r, film WE:ight, approx. F value of the 

uranyl nitrate solutions, and the amplifier on v;hich each film y;<!s 

counted: 
Approx.F' Counting Sect. 

Film i¥ Film ~',Tt. Am,elifier US(Jd 
; 

Val.oftaol. Sol. }·;umber 

RP 74 (1-12) 0.020 A 26 2365 A. 
RP 73 (25-36) 0.050 A 26 2365 A 
HP 75 (1-12) 0.075 C 30 2364 B 
RP 73 (13-24) 0.100 it 26 2365 it 

rtP 73 (37-48) 0.150 A 26 2365 A 
hP 73 (1-12) 0.200 A 26 2365 Ii. 
UP 76 (1-12) 0.250 D 26 2365 A 
RP 72 (25-36) 0.317 A 30 2304 B 
RP 72 (13-24) (;.476 ~ 30 2364 B 
RP 72 (1-12) 0.634 " 30 2364 B J, 

The films in oach series of films were plated in the conv0ntiona1 

m::mner for 50 mlnutes 3.nd them hoated for 10 minutes in th~ furn£!c8 at 

8000 F. After cooling, each of thGse films Vias counted for a total of 

-lr Quantitative Electropll1ting of l'ranil,llIl for Isotopic Analysis using ., 
Nickel and l(oncl as B3.se 1':~tals. File ,J A3626. 

Cont'd on Page 2 
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110,000 counts in order to att~in a counting precision of 0 .3X st~nd2rd 

deviation for a single film. 

ODt; crv 2\ tions : 

All films Vio;Jre firmly '-ldht;rent to the nickel D:-.i Se plates. In gen0r.:ll, 

those fiIn,s, h;l'Vl.ng 11 film v.cl.ght of 0.200 milligrams, s'_~8m\Jd to hav.;; more 

"pl.n whe elingll th, ~n films mC1de of tht; oth,;r film woibhts. Th8r,,~ secml.3d 

to bc no evident rolGtionship betv\.38n th..:: [lntount of "pin wheeling ll on th~ 

films and the calculated st&ndurd d 8viation of a singl~ d~tdrmlnatlon. 

Dis cussion of' Results: 

The r",sults ar e tabulalod in th ,.) followi:1g table 1 and are shown 

on 2. graph. A film thickness \Va s ca lculat(;c] for 'i):lch set of film ',,;i~hts 

using a d8nsity of 7.3 f.or U308 as n basis for thi) c2.1culations. 

A stands-rd dovifltion of 0.33~~ for ::l single d ,:3turmination w,~s obtain'Jd 

when a film woight of 0.634 mg. was us ed. No pr . .;:cision appror-ching this 

vo.lue (C,.33% Std.D,~v.) w' .. s obtained vd.th films light~r th3.n 0.634 mE. 

Tho b",st v .11ue, othorv:is0, obt. , in·:~d '!;;:~s a st!-;ndard devi!1tion of sir,gle 

d0t.)rmin::.:tl.On of 1% for : .. fHm cant 1ining 0.476 !TIg. U308 • 
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• TABLE 1 

SC"..!lIlpl c II No.of Film Number StJndnrd Deviution Limit of 
Films Wt.in Counts Single D0t. M0un Error of 

Mg. (J~ l ean) Counts % Counts % M<)an % 

ill 72 (1-12) 12 0.634 12,426 41.5 0.33 12.0 0.10 0.22 
RP 72 (13-2/+) 12 0.476 9,581 96.2 1.03 28.4 0.30 0.66 . 
R}- 72 (25-36)-:< 11 0.317 6,335 320 5.1 96.4 1.52 3.4 
lito 76 (1-12) 12 0.250 4,111 589 14.3 170.2 h.l 9.0 
Rr 73 (1-12) 12 0.2(j() 3,020 507 16.8 146.5 4.9 10.8 
RF 73 (.37-48) 12 0.150 2,440 250 10.3 72.3 3.0 6.6 
RP 73 (13-24)~~ 11 0.100 1,540 180 11.7 54.2 3.5 7.8 
RP 75 (1-12) 12 0.()75 1,592 86.4 5.4- 25.0 1.6 3.5 
RP 73 (25-36) 12 G. 050 844.6 49.3 5.8 14.2 1.7 3.7 
RP 74 (1-12) 12 () .c20 339.1 19.5 5.8 5.6 1.7 3.7 

~ :-RF 72-35\. . . 
-::-ll.F 73-15; fl1ms d~scnrdGd due to oper::l tlonnl errors . 

• 
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