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QUANTITATIVE ELECTROPLATING OF URANIUM FCR TSOTCPIC ANALYSIS
using

WICKTL AT MONEL AS RASE METALS

The preparation of a cuantitative, uniform, adherent film of
uranium is one of the most important stens in the slphe and fission

counting methods of isotonic analysis of uranium. %Vhen this research
was undertiken & method maPing electroplated films with platinum as
the Lase metal wes in use, However, it was imnossible to electro-
plate consisgtently a film of uranium thiclt enough to facilitate

ranii couwrving «ad still be acdherent, This report deals vith the
investipgation of other metals and the conditions necessary to obtain
heavy, uniform, adherent, quentitative films for the counting
methods of isotopic analysis,

An efficient multinle plating unit was designed feor electro-
plating {ilms with ease and a minimum of attention, while maintain-~
ing the standards of constant areea and nosition of film, temnerature,
current density and snsed ¢f stirring. The charsdcteristics of a
geod electrodepcsit were defined as well as the technigues for
determining the cunlity of a film. Gold, silve-. copper, aluminum,
monel and niclel vwere investigeted as a base me .l to Ls substituted

"

for nlatinwr O these metals, monel and nicke' nrowe” far superior
to the others ar? en inves igation of the electroplati:yg conditions
was mode for those metals, Although it was found that different
surface roughnesses had a significant effcet or the cuelity of the

electrodeposit, the cold-rolled nickel and moncl surfeccs vere

satisfactory to give renroducidle results. Various methods of




cleaning this cold-rolled nickel or monel surface, degreasing, electro-
polishing, alkaline cleaning, acid treatment, and use of abrasives were
tried, Of these methods the simple degreasing tecnhnique proved to be
the most satisfactory.

An entire series of ammonium salts of various concentrations was
tried as electrolytes., Several proved satisfactory, but none wes super-
ior to ammonium oxalate, the electrolyte originally selected. The electro-
lysis variables o' temperature, current density, speed of stirring and

O

time of platang were studied. As a result a temperature of «0% C., a

currént of 3.0 amperes, a stirring speed of 500 r.p.m., and a 50 minute

.
electrclysis were selected, After cousidering ti:e electroplating solution
varlables, 6.0 mrilliimoles of ammonium oxalate in a platin~ solution of 4O
ml and an inxtial pd value from 2.0 to %,0 viere fourd to give z00d qual-
ity electrodeposits., The rate of resolution of the electrodeposit in the
residual plating solution was negligible, The ignition of a series of
films at different temperatures and for different lengthz of time showed
that a temperature from 425° to 525° C from 10 to 15 minutes to be satis-
factory. The addi’ion of relatively large amounts of a numbsr of metallic
impurities had little effect on the quality of tihe electrodeposit. Since
only traces of the=z mstals occur in our plating <oluticons, they have no
significant effect.

Good precisicu by tnils electroplating method s oh ~ined. A care-
ful investigstor i. able to obtain a standard deviation o 0,15% or less
as the error in the preparation 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 from September through Dec=-'or, 1945. A

similar numbsr of [ilms plated during the first 6 montt- of 1945 had a
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standard deviation of 0,18%. The majority of this increase in error
is probably due to error in pipetting the aliquot of uranium.

Tnis report covers the rather extensive investigation of the quanti-
tative electroplating metnod, The apoaratus and procedure are given first
followed by the characteristics of 2 good film., A section on the selec-
tion of the base metal along witn effects of surface roughness and nethods
of cleaning follows., A comprehensive investigation of electrolytes;
electrolysis and plsting solvtion variasbles is then given. The last
section desls with the ignition of the film and effect of metnllic

impurities.



APPARATUS AMD PPCCEDURE

Ths epneratus and procedure used in this investigation are in
principle the seme as reported by Cohen end Hull*, A multiple plat-
ing unit has boen designed and certain changes ond improvements heve
beon mecde in the cell asscmbly to give greater preccision and more
ropid onerction, HNickel and moncl have been used as the base metal
instoad of platinum, snd the electroplating conditions alter~d to

give an excellent clectrodenmosit on those bese motals.

The Maltiple Plating Unit.

The multinle nlatineg unit is shovn in Plates 1, 2 and 3., The
framework is constructed from duraluminum finished vith bleack
crackle naint. The motor drives the four nulleys by mcans of en
endlcss dental helt. The shield which covers the nullsws and belt
hes boon removed., Thesc pullevs in turn drive the stainless sterl
shoft and pleatinum cnode, Whepn the sheft is'in the Jowecred nosition
s shovm by the two cells on the right, the brass nicce, A, serves
to drive the shaft, a thin rubber gasket, B, furnishing the neccssary
friction, This bress piece can he moved nlong the strinless stcel

sheft permitting adjustment of the anode heipght., "hen the shaft
is held in the riised nosition by the spring clip P, it is free .
from the »nulley ard doecs rnot turn, This crrengement permits the
usc of one or more cells without influence on the others, o definite

advantage which wildl become apparcnt when the electronleting nro-

ccdure is discusscd,.

*Cohen, B. and Hull, D. E., The Counting "ethod of Isctonic Analysis
of Urenium, Part II--Preparation of Films by Electroplating; A-1236:
nrre & (1944
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Plate 1, Top~front View of iulitiple Plating Unit
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Rufeorring to Plete 2, the benring housing, C, contaoins a bell
beerirg at the bottom and one at the top inté which the nulley is
press=fitted. Should e berring foil, it is an easv motter to re-
move the beering housing and nulley as 2 unit by unscrcwing the
collar, D, and substituting r different unit. This ranid chenge
r.llows the defective bearing to be repaircd nt leisure without
removing the entire multiple pleting unit from service, This
same quick change feature is nresent in the hot nlates ~ere re-
moving 4 scrows alquS e ¢ *fective hot plate to bc removed and
another substituted.

The wiring dingrom shown in Firure 1 is o simple circuit con-
sisting of threc 10A12 amner?tc tubes wirced in narnllel, with switch,
fuse, ammeter, and voltmeter., A single voltmeteor with scleocter
switch is used to dctermine the voltrge dron fcross any ono cell,
The emneorite tubcs serve to maintain the currcnt at 3 cmoercs during
the course of the clectrolysis ~*hilc the resistence of the ccll
changes, Plate 3 shows the back of the multiple nlating unlt vith
the amnerite tubes and virine oxnoscd. Two noteble fontures con-
corning the cleetricel circuit ore the method of ma“ing contnet vith
the rotatinr :node ond the insulsation of the D. C. circuit. Contnct
vith the reteting erode is accomnlished by meons of a mercury rescr-
voir, £ 1/8" hole drilled in the top of cach steinless steel sheft
to n denth of 3 inches is two-thirds filled —ith mercury, and the
mercury in turn is covered with oil. A niqkel viire, I, is insortcd
so that it rests on the bottom of the hole. A small breoss coller
is nressed irto the ton of the 1/8" hole rnd fits t»e nickel wire
loosely. This collar scrves to nrevent the mercury from snlashing

out e
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The hross plece 17, adds sufficient weight to keep the nickel wire
seated firmly, Flexible test-lead wire joins the brass pieée with
the D.C. source. The D.C. circuit is completely insulated by
senarating the bearing housing and pulley from the freme of the unit
with th%n plestic. The lower niece of nlastic 0, c¢an be seen in
Plate 2.

rom 6 to 8 of these multiple plating units heve been in con-
tinuous Service, 24 hours »nnr day, for the past 10 months: The
unit tales wp little spnace; it is effiqient, runs quietly, and

recuires relatively little meintenance.

The Electronlating Procedure.

To assemble the cell, Plate 4, a depreacsed nickel disk, E, is
placed in the smaller recessed ares of the stainless stec) base plate
,
¥, The molced pure-gum rubber gaslklet G, rinsed irn dilute nitric
acid and dried vith acetone, is fitted around the glass cvlinder ¥,

vhich nas becn nreviously cleaned with chromic acid., The cvlinder

end gasket are nositioned in the lerger recessed arca of the base

T
()
o
t
o

-
o+
iy

e diameter of the recessed aresa being slightly larger than

the outside cdiameter of the rubber gesket, The cylinder is then .

held firmly and sccurecly in nosition —ith four s*rons rubber bands,I,
This arrengemoent gives a constant £film srea snd centers the

eicctrodenosit on the nic¥rl disk, Sincc the range of elnha particles

and fission narticles is small in the clectrodenosited film, 11 to

13 microns for alnha narticles in USOS , variation in thickness of

the filr will chenee the number of narticlecs escaping to the out-

side to »roduce jonization in the air and therefore chance the

gnecific activity. Becenruse of this s~1f-absorption, it is




liate 4. Plating Cell Disassemoled a.d ..SSEMDLEC
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neccssary to define the arca of the clectrodenosit, This is
accomnlished in the ahove arrangement by sclecting the glase cylin-
ders so that each has a definite outside diameter, 60 mm ¥ 0,2 mm.
The molded rubber geskots all have the same lip, and when slightly
stretched over the gless cylinder, they define the arce exposed to
clectroplating which in this case is anwnroximately 24 cm? + 0.18 cmz.
A cross-section of the rubber gaslket is shovm by the smell picce J,

The assombled cell is cleoened with chromic ceid for o fow
sceords, followsd by a thorough rinse with tan veter and distilled
wrters, Most of the experimental work emnloying nickel as the base
mectal vas donc vithout this chromic acid rinse. ‘It vos felt that
it wes not essential and indeed mipght be harmful, for chromium
nrasent tends to reduce *the counting rete. TFurther the acid may
stein the nickel surface, nrobably carbonaceous material, ceusing
neeling of the electrodenosit on these sfeined aress,

Four millimoles of ammonium oralrte conveniently handled in tﬁe
form of a2 0,4 17 soivtion is pinetted into the clean asserhled cell,
A Ynovmn quantity of ureriuvm in the form of a urenyl s:lt in aqueous
solution is then nipotted or dispensed from a veirht burette into
the cell.' Titrote, sulfate, fluoride, and acetsntc soluticns have
been used, Sufficient vater is added to +the cell bcfore the uranyl
solution te adjust the tofal volume of the plating solution to 30 ml,

The asscmbled cell is nlnced in the water bath at £809C., on the
ccll suprort ¥, The platinum anode L, is lowered until the disk is
bclow the top of the glass cylinder. The cell is then covercd with

e st of snlit watch glasses, not shovm in ™late 4 but shown in
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Plates 1 and 2, and the anode lowered into the plating solution,
The height of the anode disk is adjusted so that it i; aporoxi-
mately 1 mm below the surface of the plating solution. The anode
is rotated sbout 500 r.pem. A current dehsity of 3.0 amneres is
used for n cell having & cross-sectioncl eree of 24 cm?,

The electrolysis is carried out for fifty minutes with the vol-

ot
o

age drop ccross the cell varying from € to 8 volts nt the start to
15 to 20 ot the end, de?endinglupon the temnerzture of *the bath,

The current is maointained at 3.0 amperes by the amperite tubes. The
bath temperature is maintcined betveen 75 end 85 deprees C,

"hen the clectrolysis is completed, the watch glesses ore
removed and, if *the nleting solubtion is to be saved for determination
of residual uranium, ere rinsed with vater nnd the washings collected
in o beﬁker. Appreximately 60 ml of methyl elcohel is added to
the nlating cell, The cne .e i1s raised and the contents of the cell
immediately poured into & heaker. The solution is discarded unless
e residue is to be determined, The methyl alcohol serves to dry
the cell ranidly, narticularly when the vapors are blown avrny,

The cell 1s discssembled and the nickel disk ignited for 10
minutes at 428 C. The resulting uranium film is resdy for count-
irm,.

In the remeincder of this report the shove discusscd procedure

vill Ye referred to ss the "standard orocedure", nnd any veriction

of conditions will be indicoted,
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METHODS EIPLCOYED TC DETERMINE CUALITY OF ELECTRCPLATED FILM

A good quality eclectroplated film has a bright metallic deposit
-

cheracterized by brilliant interference colors. The film thickness
is uniform over the entire area, and when viewed under 108 diamctors
the clectrodenosit annerrs uniform and continuous. The deposit is
adherent to the base metal to such an extent that it cennot be re-
moved by rubbing herd with Kleenex, Since the fundamertrl »nroblem
is to obtain a film giving = reproduceable specifiec activit: under
the seme conditions, the electrodeposit must possess the charncter-
istics of adherence, auventitativencss, uniformity, comnositionf and
nossibly other ﬁrooerties nocessary to fulfill the requirement,

To determine the cuality of the clectropleted film, visual

observotion with the unaided ove and with the 108 diamcter binocular

N

microscope, 2n enloring dislk, nhotogrenhs, rubbing of the film,
determinetion of residunl urenium in the nlating sclutior, and
snocific activity of the film were uscd.

The dagree of film uniformity can be determined by the reruler-
1ty ond brightness of the interfercnes colors. This is o good in-
dicrtion pf rdhorencer too, for & film which doos not posscss inter-
feroncc'colors but is browm or block most lilicly hos o non-cdherent

-t

dcnosit, ith rotational stirring as uscd in this method, =« lighter
denosit is formed in the center of the film thoarn over the remainder
of the srer, Sincc the snced of stirring is constrnt, the licht
aree in the conter remains quite constant. Beenuse of this light

cunter nren, it i1s possible to cstimate roughly the weight of the

clectrodeposit rs woll s tho spbeed of stirring by the interforence

colors,
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The 108 power binocular microscope is of value in closely exemining
the eclectrodeposits 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 electrodencsit of uranium in
the counter ion-chamber. FHoles of uniform diameter are drilled in
the disk and these fitted with covers, TUncovering one hole at a
time and counting the emerging alnha or fiﬁsion particles gives a

measvre of the quantity of uranium exposed,

<

Photographs and alpha-narticle photographs give indicetions as
to the smoothness and uniformity of the deposit, but are inferior
methods to visual cbservation, Photographs_appear to give better
results than the alpha-narticle photogranhs.

The adherence of the electrodenosit can be determined by
rubbing the film hard with Fleenex., If the denosit is adherent,
nothing visible apnears on the white tissue, With decressing
edhorence, larger and larger guantities of black oxide annear. A
very non-adherent film will rub off casily, exposing the surface of
the nickel or other base metal,

To detcrmine if the nrocedure is quantitative, the residual
vranium is determinad at the cnd of electrolysis., The retio of the
number of counts from the remaining solution to the number on the
film gives the approximate percentarc of the uranium not plated.

To determine the renreducibility of any set of conditions, the

films are counted. In this renort the snecific alpha- or fission~

activity, the A- or F- valuc, or the number of counts per minute
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will be used to indicate varlation in the pleting technique and
the auelity of the electrodeposit,
Specific A~ or F-Activity _ Yo, of A- or F—Counts/ﬁin/mg USOB

Snecific Activity of Unknown
A~ or F-Value_ Specific &ctivily of Wormal Uranium

In other words, the spccific alpha or fission activity is equal to

the rumber of alpha or fission counts per minute ncr mg of Q 08.

)

)

The A= or F-vslue is equnl to the number of alpha or fission counts
por minutc por mg Uz0g obtained from a semple of uranium of unknown
isotopic compositior diviled by the nurmbor of alpha or fission counts
per minute per mg of USQS'from a samnle whosc isotonic comnosition
is that found in nature., The number of counts per minute has been
used in somre instances wicn the same ocvantity of uranium wes plated
and counted orn the same amplificer., Specific activity vould be ob-
tedined by morely dividine counts per minutc by the mass,

In the remeindecr of the ronort, these mcethods of detgrmining

the quality of the clectroploted film heve becn used,

SELECTION OF BASE MVRTAL

The cuantity of uranium vhich cen he repeatedly deneosited on
a platinum dislk giving on adherent uniform film is only aboub 4 mg
of U=0g por 24 sge. cm, Furthermore platinum disks require cleaning
end counting betwecn uses 4o insure the complete rcemoval of the
clectrodeonesited uranium, This meens the usc of velueble emplificer
‘time which could be hetter utilized. For thesc two orimery reasons,

-

other base metals werc investigated,



17

Polished disks of gol., silver, conper, aluminum, moncl and
nicltel werc obtaincd. Films of varying weight of U508 were platced
on cach metal using stondard conditions. The films cleetronleted
on gold were similar tg nletinum in that films hervier then 4 to
8 mg were non-rdherent, Silver gave geod ndherence, hut there wes
no convenicnt way of removing the elcctrodeposit rnd recusing the
silver disl:, silver being too exponsive to discard ~fter » single
usc, Copper grve better ndhercnce than nlatinum. FHovewver, since
it is necessary to ignite the film to obtein renroducitle reosults
for nreeisc worl, conper was not considered becsuse of its excessive

xidetion whon hercted at relatively low tomdernturcs. Alumirum was

-

4.1

entircly unsuited under the cenditions uscd, for the ~lunminum re-
acted with the nlating heth during clectrolysis, filline the
solution i7ith & vhite flocculent aluminate orecivitate., Cf the
metals investipgnted, nicke? and moncl srve the test rosulis, nicksl
being superior to moncl. Mictel zave the most uriform, adhcront,
end the herviest devosit of the meteols investigated.

The use of nickel ond monel neossessos o number of rdventepes
over tho use of nlatinum fs o bnse metnl on which to electronlote
urcniume.

l. Uniform cdherent films s henvy os 16 to 18 mg of Ucpfapcr

24 so, cm. con be consistently nlrbed comnored to ¢ to 6 mg
on nletinun, Films of 22 mg heve been nloted which rre
gurntitetive but ot this voluc show torirncics tovrrd
pcciing, rnd slight nmognts of the elcztrodenosit crn be

rubbed of{ with ¥lcenex.
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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. hen a sample has been counted on a platinum
disk, it is then necessary to dissolve 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 ael disk does away with thess extra opera-
tions, and the saving 1is far greater than the cost of the

nickel disk.

In the case of certain resesarch samples in which the quantit;

of uranium is small, the use of platinum has the advantage
that the sampls recoversd from ths platinum disk requires

less purification to obtain pure uranium than a samplc ro-

covered from a nickel disk. The use of a mixture of sulfu-

acid-hydrofluoric acid removes the uranium from the nickel
disk plus a small amount of nickel which must be scparated
before the sample can be re-analyzed. However, in the
enalysis of routine samples or samples with a sufficicnt

@antity of material, it is not necessary to rscover the
uranium from each individual nicksl disk separately. If
the uranium is to be recoversd, it can be romoved from &
large number of disks at ona tims.

Nickol and monel can be cold rolled to a surfaco that is

1



sufficiently smooth to give excellent results. A large
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quantity of nickel or moncl can be rolled and fabricated

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

after repeated usé, bscomes scratched and dented. This

may lead to error in the analysis, and it does require the
salvage of platinum and the purchase of additional cxpcnsive
disks.

The nickel and monel disks arc 0.025 inches in thickness and
are fabricated so that thcy have a plane surface with no
warping. A disk of this thickness of these metals can be
handled quite roughly without becing misshapen. The platinum
disks previously used were 0.005 inches in thickness and
required caraful handling to prevent deonting and bending,
gspecially since in the plating procedure the disks must be
handled with tongs. Platinum disks 0.025 inchss in thicknce-
would be very expensive and still would not possess the
physical proposrtics of nickel.

The usc of 0.025 inch nickel disks greatly simplified the
holdcr design and positioﬁing of the film in the counter
ion-chamber. Iun the chamber with horixontal plates as in
the alpha counter ion-chamber used at the ¥-25 laboratoric:
and S.A.M. Laboratories in Now York City, tho disk is placer
in a rscessed srea 0,020 inches deep. The disk lics in ¥#h-«¢
reccesed arca and has sufficicent mass to prevent microphowvic

The thin platinum disk has to be held in position by a 1~
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anmalar ring. Even with this arrangement it was difficult
to prevent the disk from warping. In = vertical chamber
such as the fissiop counter used at the K-25 laboratorics,
fhe disk is held ip>the recesscd holder by a thin annular
ring which snaps into position, catching the cxtrems
circumference of ths nickel disk.

Te Because of oxidation, nickel and monzl cannot be ignited
at temperaturss as high as pletinum. However, ignition at
roughly 425°C., for ten minutes gives roproducible results

and appoars entirely satisfactory.

SURFACE ROUGHNESS OF BASE PMETAL

The cold rolling of one-half hard A-rickel results in a surface
that is quite smooth and free from scratches and pits. During the
subsequent fabrication of the nickel strip into disks and handling in
shipment and in thz laboratoery, the surface of some of the disks is
slightly scratched. To dotermine the significance of these scratches,

a large number of disks was sorted and grouped according to the degre=
of scratching, with group 1 iaving essentially no scratches, and group J
having the worst surfaces found. The same guantity of uranium from the
same solution was plated on 12 disks from each group with the following

resultse

Group Mean Alpha Counts/ﬁin. + Std. Dev. of Mcen
1 9050 6
2 9045 3]
3 9046 8

These data show no significant difforence betwosn the groups. This

indicates that the scratching incurred in the fabrication and handlir-

. o




is not sufficient o alter the counting rate.

Sincs the surfacs roughness of the cold rollsd nickel might vary
from ons shipment to another, disks from the first shipment of 30,000
were comparzd with those from the sscond shipment. Visuel observeation
indicated little differcnce in surface roughnsss. To determine if an
effect actually existed, 12 disks were electroplatsd from the first

shipment and 12 from the ser:nd using the same uranyl nitrate solution

under identical conditions.

First Scecond
Shipment Shipment
Lican Alpha Counts 6468 6461
5td. Dcv. of Single Measurc-
nent 12 19
Std. Tove of Koan 4 6

To the precision of the moasuremcnts, no sienificant diffzsrence could
be shown. This is further substantiatcd by the routine analysis of
sevoral thousend samples of normal matorial by the alphe motheod duriag

the past year. The specific ectivity of thesce samples has not signifi-
antly changed from the standard calibration filums.

To increase the quantity of scratching under controlled conditior.
four nickel disks vere ruled with o corborundum=-tipped pencil. The Lir:
wore spaced nbout 1/3" apart, both horizontslly and wsrtically ncross
the face of ths dicgk. A cross=-suction of thesc scratches was roughly
an cquilateral trisngle 0.1 mm. on a sids, as deternined under 100
diamcters using 2 microscops with an sye picce calibrated with stage
micrometer. The following dasta give a comparison of the numbur of
counts obtainzd aftor plating the same quantity of uranium on the

gcratched surfaces nnd on unaltered nicksl disks.
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Alpha 4+ Std. Dev.
9ounts/hin. of Mean

Discs with no scratches 5762 7
Scratched disk 1 5636
2 5649
3 5587
4 5627
Comparing disk 3 with the unaltered disks, the counting rate has been
lowered roughly 3.1%. By considering the total lenszth 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 could be expected under the conditions of the
experiment.

To determine the effect of wvarious suriaces of the base metal,

a series of disks were gilven the followine treatinents:

1. Ho treatment

2. Hand polished with crocus cloth

3. Electropolished using HzPO -glycerol bath

4. Polished in metallographic whecl using 600 grade carborundum
5. Seratched with Mo. 80 grade carborundum cloth

6. Etched three mirutes with concentrated nitric acid

Of these treatments, only the elsctropolishing nceds explanation. A
40% phosphoric acid (85#%) - 60% glycerol bath was used. The nickel
disk to be polished was thc anode, at a bath temperature of approxi-
mately IOOOC;, with a current density of 15-20 amperes/aisk for a
period of two to threc minutes. Microphotographs of the cross-sections
of these surfaces are shown ia Plates 5, 6, 7, 8, 9, and 10.

These types of surfaces werc then electroplated with various woirhb




films of uranium under standard conditions to determine the effect
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on the counting rate. The results from this investigation are given

in Table 1. It is apparent that the type of surface has an appreciable
offect on the counting rate. Polishing the surfece with crocus cloth,

metallographic whezl, and slectropolishing incrcased the counting rats

by roughly 1%, while the acid etching and scratching lowersd the count

from 2 to 4%. Ths photomicrographs of the surfscc finish indicate the

same order of roughness as obtained by counting. It is f2lt that with

expericnce, visual observation of the surface is almost as pgood a guids
to surface roughness as isg the photomicrograph.

When considering the ir “ormation obtainsd from these surface

¢

u3

roughness investigations, it is apparent that the surfacc of the base
metal has an important effect on the specific activity. However,

the surface in any onc shipment of nickel disks apparently is repro-
ducible, and even difforent shipments of nickel may hawe the some

surfacc roughness.
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Plate 5, Cross-section of Normal Wickel
disk, 1000 x

Plate 6, Cross-section of Nigkel Disk polished by
80 grade carborundum Cloth, 1000 x
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Plate 7, Cross-section of Electropolished wicks..
Adelr AN ATATNENS

Plate 8, Cross-section of Nickel Disk polished
on metallographic Wheel using 600 grade
carborunuuf, 1000 x
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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.

BFour films were plated in each case.

Treatment Appearance  Filn® lean t+ Percent l'ean tPercent
of nickel of nickel weight alpha std. dev. fission std. dev.
disk disk counts of mean counts/ of mean

minute minute
xngb
Degreased  Normal 0.4 8281 0.13 2098 0.33
Polished bright, 0.4 8318 0.07 2101 0.37
crocus fine
cloth scratches
Electro- mirror- 0.4 8325 0.13 2103 0.28
polished like
Polished on Very 0.4 8330 0.07 2109 0.14
metallo-  highly
graphic polished
wheel
Scratched  Scored 0.4 7941 0.25 1941 0.21
with No.80 with deep
carborundum scratches
Conc. HNOz 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

Throughout this report, the film weight is given as the number of

mg. of U308'
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CLEANING OF BASE METAL.PRIOR TO ELECTROLYSIS

As is generally 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 1la, 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 of Quality of Electroplated Films, on

page li.

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 degreasing 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 material, and disks cleaned under
these conditions gave inferior electroplated films, Carbon tetra-
chloride has been substituted with better results, However, a good
grade of trichloroethylene or carbon tetrachloride is satisfactory.

Since the possible brealidown 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, Thesc data indicated
that sufficient degreasing was obtained after only 15 minutes in the
Soxhlet extractor. REven disks degreased by merely rubbing with
Kleenex have a guantitative electrodeposit, although they turned

brown after ignition. However, other work has shown the specific




Table 2. The Effect of Ti.e of Degreasing upon the Specific Activity

and the Quality of the Electrodeposit,

31

Time nickel disk No. of Mean i Per cent® Appearance of
in Soxhlot exe 10 mg A-Value std. dev, film
tractor, CClh as films of mean
solvent
2-1/2 days L 1,0005 0.13 %
8 hours L 1,0010 0.11 )
)
2-1/2 hours L 1.0038 0,18 ) excellent
)
1/2 hour A 1.0025 0.09 g
1/} hour L 1.0023 0.20 )
Dipped in hot L 1.0013 0.13 streaks of
vapors 4 times brown after
ignition,
Rubbed with only L 1.0023 0.16 dull brown
Kleenex color after
ignition

A Throughout this report, the "tV-test* has been used to determine the

significance between two means. The 0,05 level of probability in

Student's table of t has been uscd to determine if a difference is

significant. The statement "no significant difference" has been uscd,

but it should be realized that this means no significant difference

ws found to the precision to which the measurements were made.

Obviously, more precise measurements may prove a difference to be

significant.

*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 etching of the nickel disks after 2 1/2 days in the
extractor did not sufficiently roughen the suriace to lower the
specific activity significantly.

In order to determine if more elaborate cleaning methods might
produce an even better elecirodeposit, several other methods of
cleaning the metal disks were investigated., Light films with bright
interference colors show non-uniformity better than heavier filums,
Films plated under standard conditions at less than onc mg U308
per 24 sg. cm,, show localized non-uniformity, cvidenced by
multicolor;d strecaks curving from the center toward the outer edge
of the film, indicating different thicknesses of deposit. In this
report such e deposit will be referred to as "pinwhecel," Films
from onc to eightcen 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, with

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 40% phosphoric acid--60% glyccrol bath at
100° 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 washcd thoroughly with

water and then placed in bolling isopropyl alconol for 2 minutes




33
to remove comtaminants from the phosphoric acid-=glyccrol bath,,
Nickecl disks clcaned by this technique have a bright mirror-like
surfacc,

Four 4.0 and four O, mg films were plated on thesc electro-
polished disks, Two of the 4.0 mg films were quite uniform, while
the other two had a pinwheel appearance. Three of the OJy mg films
were pinwhcel and only one gave a uniform deposit., In othcr respects

the films werc normal, having good adherence,

Alkaline Cleaners

Two nickel disks were degreased with carbon tetrachloride and
then immersed in 10% NaCH solution at 50° C, for onc hour, The disks
were vashcd with water, placed in 20% acetic acid for ten minutcs
and again washed thoroughly with water. The O.4 mg films plated on
these disks were acdherent, but were pinwhecled,

Four disks were placed in a 10% Na2§2q3 solution for fen minutcs,.
Ezch disk was vashed thoroughly with water. Following this, one
disk was plated with a 0.4 mg film without further treatment, a
seccond disk was dipped into 6 n HCL, washed with water and plated,
and the romaining two werc dipped into 20% acctic acid, weshed with
water, and plated. * These films were all non-uniform with a spotty
appearance instead of pinwhcelss The clectrodeposit was adhercnt,

Wickcl disks were anodically and catnodically cleaned for
onc minute, three minutes,six minutes and twclve minutes in an
alkaline bath composcd of 30 g NapC03, 15 g NaBPOA, and 7.5 g NaOH
per liter of solution, The tempersture of the bath was 80 C with a

curront of 5 to 6 ampores and 6 volts. After the clectrolysis, the
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disks were washed with water, dipped into 20% HZSOh'at roon
temperature, and again vashed thoroughly with woter., The OJ4 mg
films plated on the disks cleaned anodically were adherent but
pinwneeled, The 0.4 mg films plated on the disks cleaned cathodi-
cally were non-adhcerent as well as being pinvhceled,

Vhen alkaline cleaners were used, none of the resulting £ilms

possesced the quality obtained by merely degreasing the nickel disko,

Acid Treatment

Nickel disks were dipped from two to three seconds in an acid
mixturc consisting of 400 ml of concentrated sulfuric acid, 143 ml
of concentrated nitric acid, 10 ml of concentrated hydrochloric
acid, and 4CO ml of water. The disks werc thordhghly washed with
water and 0,45 mg films plated on eight disks., When thesc films
were compared visually with eight films of tho samc weight plated
under standard conditions, no apparent diffarencu wies obeerved in
uniformity of the electrodeposit or in the over-all quality of the
filme. Four 5.0 mg filmsz, acid dipped, guve an A-value of 1,759 ¥
0,08% (stonderd deviation of mean), and four 5,0 mg films plated
under a2 standard conditions gave a corresponding A-valuc of 1,750 *
0.12%, This short acid treatment does not roughen the nickel
surface sufficiently to lower the A-valuce. If the acid treatment
is prolonged, the spgcific activity will be lovered by the rough
surfoce (cof. page 27)e

The section, Surfacc Roughness of Basc Mgtul, indicates that

nitric acid ctching of the nickel surface docs no apparcnt good. As
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mentioned under the section on Apparatus and Procedure, the use of

chromic acid cleaning solution was discontinued for the same reason,

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

Use of 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
with crocus cloth, using rotating motion, gave an electrodeposit which
was as good or possibly superior to that obtained by merely degreasing,

Referring to the section on Surface Roughness of Base lletal, page 27,

it will be noted that slterins the surfecce changes the specific
activity by several percent, Thus polishing with the crocus cloth
requires that the degrec of roughness be the same from ons nickel
disk to another, It is felt that the possible slight advantage to
be gained does not warrant the additionél‘cost of tiiis added operation,
When considering all the above mecthods 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 degreasing. Because of the small numbcr of man~hours
consumed by this simple technique, other methods recuiring more work
should show notable advantage over the degreasing before their use

is adopted,




Tablec 3, The #ffesct of
Uniformity of

Treatment

Crocus cloth 1500 rcv,

1500 rev.
300 rev,

300

straight strokes

Carborundum 150 rev,
cloih 300 rev,
(grade 120) 500 rev.
800 Ireve
Carborundum 150 rev.
cloth 300 rov,
(grade 362) 500 rev.
800 rev.
Carborundum 150 rev,
paper 200 rev,
(grade 471) 500 rev.
&00 rev.
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Hand Polishing the Nickel Disk upon the
the Electrodeposit.
Number Film Appearance of film
of weight
films
mg
2 LeO ) very uniform, cx~-
3 Ouh ) cellent adherence
L Ous )
L Oely slight pinwheel
1 0o )
1 0.4 ) pinwheel, good
7 0.4 ) adherence
1 0.4 )
1 0.4 ) pinwheel, good
1 O ) adherence
1 0.4 )
1 O )
1 0.4 ) slight pinwheel,
1 0.4 ) good adherence
1 Oy )
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DNVESTIGATION OF ELECTROLYTES

After the selection of nickel and monel as base metal substitutes
for platinum, it was thought desirable to investigate other electrolytes
in an effort tchfind one wh’zh might be superior to ammonium oxalate.
During these experiments, all other variables which might affect the
quality of the films werec 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
electrolyte wero confined to the amonium salt of the various acids
tried. This is the result of the previous demonstration by Fierle! *
that metallic ions, such as sodium, co-deposit with the uranium, and
since they arc not removed by the isnition vhich follows the plating,
they lower the counting rate of the films. In general, 0.4 molar solu-
tions of thz electrolytes were used. These solutions were made up
either directly by weighing the reovired cmount of the salt, or by
miving eguivalent amounts of amxonia and the acid.

The results of these investigations summarizad according to the

zlectrolyte are as follows:

1. Ammonium acztatzs: Mo adhzraent films could be made in the
ranze of slectrolyte concentrastion from two to eight

millimoles, All films were black and amorphous in appearatcs.

*Pierle', J. Phys. Chem., 23: 517 (19219)
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Ammonium benzoate: This electrolyte was used in an alkaline
solution of pH 9. During the course of electrolyses
employing ammonium benzoate, ths plating solution became a
deep brovn, and a considerable amount of foaming was observed.
The dark material was soluble in methanol and was probavly
impure diphenyl formed by elesctrolytic decomposition of the
benzoate. When removed from the plating solution, the films
showed brilliant colors in erratic pattsrns, not concentric
rings, but this appearance was lost on igniticn. Counts made
on the sams films before and after ignition to determine the

effect of this wvolatile orzanic material presumably rssponsible

for the colors showed that its presence lowered the counting
fate by about 1%. Plating was not guantitative in the range
where from 1.2 to 8.0 millimoles of elsctrolyte was used. The
completeness of deposition variesd from 635 to 22% respectively
botween these two .imits, Table ,, Figure 5.

Ammonium borate: This solution, msde by vassing auwonia gas
into a suspinsion of boric acid until it dissolwved, was guite
alkeline with a pH of about 10. Deposition was incomnlote
with large quanSities of electrolyte; only about 404 of

the uranium plated when 8,0 millemols werz used. In quan-
titiss of 4.0 millimols and less, deposition was generally
complcte, but erratic low rosults were obtained and the

@lectrolyte was not reliabls.



Table 4. The Effaect of Different Electrolytes on the Electrodeposit.

Siﬁgle Wlectrolytes
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Electrolyte Millimols No. of® Range of? Appearance of film
of 8 mg A-value
Electrolyte filnys
Aronium 2.0 - 8.0 8 black, amorphous,
acetate non-adherent
Ammoniurmn 0.8 - 1.2 4 0.70 - 0.66  highly colored in
benzoate 2,0 - 3.2 10 0.85 - 0.35 erratic patterns, color
4.0 - 8.0 6 0.30 - 0.21 fades on ignition;
plating solution foams
and turns brown.
Ammonium 2.0 - 4.0 8 0.98 - 0.99 normal
borate 6.0 - 8.0 4 0.36 - 0.42 normal, not plated
Anmonium 2.0 - 4.0 4 - black, amorphous
carbonate 6.0 - 8.0 8 - 0.99 - 1.01 unevenly colored,
pinwheel
Ammonium 0.4 - 0.8 8 0.23% - 0.08 ) .
citrate 1.0 - 2.0 8 0.06 - 0.009 ) mormal but very light
4.C - 8.0 8 0.006 - 0.0C5)
Ammonivum 0.0 - 2.5 14 - black, amorphous
fluoride 2.5 - 4.0 12 0.99 -~ 1.00) metallic silver color,
6.0 - 8.0 10 0.86 - 0.48) disappears on ignition
Armmonium blaclk, amorphous,
formate(pli 4) 4.0 - 8.0 8 - non-adherent
Armmonium 0.2 - 4.0 10 - blaclz, amorrhous
formate(pH 8) 4.2 - 20.0 46 0.99 - 1.01 normzl as +ith
ammonium oxalate
Ammonium 0.0 - 0.5 4 - peeling
tartrate 0.5 - 1.5 3 0.33%3 - 0.17, norral appearance for
2.0 - 8.0 8 0.07 - 0.02} 1lighe film

8The number of films
For example, in the

indicated is for the
case of amuonium acetate, two films were plated at
2.0, 4.0, 6.0, an4d 8,0 millimnls.
The first A-value corresponds to the first quantity of electrolyte, the
second to the seccrd quantity of electrolyte.

range of electrolyte covered.




Table 4.

(continued)

Slectrolyte

5074
50%

50%
507

907
10%

80%
20%

70%
30%

60%

40%:

50%

/

50%

anmm
anm

anm
amm

amm
arm

armn
amm

ariam
amm

amn
amm

amm
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Vixed Electrolytes

fluoride
benzoate

oxalate
benzoate

oxalate
fluoride

oxalate
fluoride

oxalate
fluoride

oxalate
fluoride

oxalate
fluoride

}Millimols No. Range of Appearance of films
of 8 mg. A-value
electrolyte films
4.0 4 0.75 - 0.90 brightly colored
before ignition
4,0 4 0.50 - 0.60 brightly colored
before ignition
4.0 4 1.04 - 1.05)
)
) same as if ammonium
4,0 4 1.03 - 1.04) oxalate were used
) alone
)
4.0 4 1.03 - 1.04)
4.0 4 1.038 - 1.044)
) same as if
) asmmonium fluoride
4,0 4 1.009 - 1.010) were used alone
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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 slectrolyte

was used results improved and deposition could be made gquanti-
tative to 0.3%, but some films still proved non-adnerent.
fmmonium citrate: This solution was slightly alkaline with

a pH of about 8. Upén addition of the uranyl nitrate solution
to this electrolyte,’a deep yellow color was produced, That
this color was produéed by & fairly stable complex-ion was
indicated by the very incomplete deposition of UBOS when
employing ammonium citrate as an electrolyte. With even as
little as O.4 millimoles of the electrolyte, only 23% of

the uronium was plated, Figure 2, The marked difference

shown in the curve between the amounts of uranium plnted on
glther side of an electrolyte concentration of two millimoles
was interesting in light of the fact that there was albout

one millimole of uranium present in the solution. T is
suggests one millimole of uranium complexing with two milli-
moles of electrolyte,

Ammonium fluoride: This solutlon was made slightly basic

by additions of some excess ammonis to prevent atteck on the
glass cell, The films were silvery and metallic in appearance,
Dcposition was not gquantitative when 4.0 or more millimoles of
electrolyte were used, The completeness of deposition fell

off rapidly past this point, &nd when 8,0 millimoles vias used
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only about 50% 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 may be
considered quantitétive. 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.
Ammonium formate: When the solution of this electrolyte

was made with ammonia and & slight excess of formic acid

to give a pH of 4, the resulting films were amorphous and
uneven., They wer:z non-~dherent - nd could be removed from

the base metal with gentle rubbing.

When enough excess ammonia was added to bring the pH
of the solution up to 8, the results improved. Quantitative
results were obtained when anywhere from 5.0 to 20.0
millimols of electrolyte were used. However, even thess 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 millimols of electrolyte gave films of amorphous
appearance which, when counted, were not gquantitative.
Ammonium tartrate: The solution was slightly alkaline, with
a pH of 8. As with ammonium citrate (c.f. page 41), a fairly
stable complex with uranium appeared to be formed in the
plating solution. Here it appsared to be somewhat less re-

sistant to electrolytic decomposition since the amount of



' USOS deposited varicd from 33% when 0.8 millimols of elcc-
trolyte was used tc 0.3% when 8.0 millimols was used. Here
again the amount deposited began to increase sharply only
when less than two millimols of electrolyte was used for

a one millimol sample.

Mixed Electrolytes

1. Ammonium fluoride - ammonium benzoate: The bright colors
associated with 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 was lost, and the films
acquired an uneven appearance showing dull amorphous arcas.

. 2. Ammonium oxalete - ammonium benzoate: When an cquimolar
"mixture totaling four millimols was employed, the films had
the bright colors associated with ammonium benzoate as an
electrolyte, but none of the color was retained on ignition.
However, deposition was only 50 - 55% complcte.

3. Ammonium oxalate - ammonium fluoride: Using a mixture of
the two electrolytes totaling four millimcls, the films
lecoked like those using only fluoride whonever 35% or more
was fluoride. However, while the films were adherent, the
deposition became less quantitative as more fluoride was
used, and was already %% below theoreticasl when the mixture
was composed of cqual quantities of each clectrolyte.

None of thess salts has given any indication of being superior

‘ to ammonium oxalate for use as the clectrolyte in the plating procedure.




It must bs kept in mind that they were tried using optimum conditions
for ammonium oxalate, and it may be possible that some of these elec-
trolytes would prove very valuable if other conditions of the plating

procedure were altered at the same time,
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BELECTROLYSIS VARIADLES

hs the Aiffsrant electroplating variables are considered, the data
at times will be somewhat sketchy, for it is difficult to investizate
a variable and then definitely state that a certsin value is the best
one., This velue would be true only under the conditions used for the
particular investigotion, for the reason that a change in other vari-
ables may appreciably change the one under investigntion, and thcreby
alter the conclusions drawn. Since the number of plating variables is
guit. isrge, 1t can bo seen that a complete study of the effect of orc
on another would be slmost an endless task znd not justificble consider-
ing the results obtoined by present techniqgues,

In csrtzin instances, films were not =zctually alphz counted for the
reason that counter time was not available under the urgsncy of sample
analyses, Dstermination of ths quantity of ursplum remaining in tne
pleting solutlion after clectrolysis, the residue, was not zlwzys made,

In some instances the residuc was determined when it was not possible to
count the film. “hen the film was counted the residue was often neglected
with only an occassional check mrde. "hen notihg the residues in tho ~¢=
compznying tebles it should be realized that the nothod used of evapora-
ting the solution on = thin foil for counting m:y he.lew by 2 or 3

fold. The uneven deposition may reduce the count considersbiy by absorp-
tion of the slpha particles in the solids, Only when the residue is
sme1l, of the order of 0,2 per cent of the count oI the film or less,
should any great faith be pl ced in thzt count, &ll residuces shiould be

considercd as & minimum vzlue,
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This section of the report will discuss tiie effects of temperature,

current density, speed of stirring and time of plating.

Temperature,

hs would be expected, the temperature of tlie plating beth has a
marked effect on the rate of plating, Tables 5 and 6. The temperature
in =11 cases is the temperature of the water bath surrounding the electro-
plating cell, The temperature of the plating soilution is practically the
same at the start of the electrolysis, but tne resistance of the cell to
the passage of current rapidly raises the plating solution to o tempera-
ture 5 to 10 degrees higher than the water bath,

The results obtesined usirg monel indicete thet the tempersture of
the water bath must be at least 70° C in order to obtain quantitative
deposition of the uranium ii 50 minutes, The films plated at the lower
terperatures have good adherence and look normal in every way except that
the uranium is just not plzted quantitatively., Films made at the boiling
point of the plating solution appear slightly dull and less uniform then
those rnde at 75O to 85° G, Increasing the quantity of electrolyte and
volume of the plating solution slows somewhat the rate of ploting.

Nickel bshaves az does monel with thie notable exceptlion that films
plated 2t boiling temperaturc are radically chenged in appearatice. In-
stead of having chsracteristic shiny-black color of films greaster than
12 mgs and the bright interference colors of lighter films, the deposit
Alooks silvery-whits and metellic, after ignitior, the deposit cssumes
normsl sppearance, However the count is not as reproducible, This is
brsed on the comporison of 28 films plated =t &£0° and 28 plated ot 100°

m
Vs




Table 5, The Effsct of Temperature of Plating EBEoth on the Quality
of the Electrodeposit using 2,0 millimoles smuonium
Oxalate, 30 ml Plating Solution, with konzl as bBase Letal,

Tenmp, of  lio, of Residue hean L Per cent Appearance of film
water 9 ng a=value std. dev.

bath filmeg e of mean

oC %

30 1 18,0 —————— —— )

4O 1 20,0 —-meem ——== ) good--not counted
50 1 B3 mmeee _— )

60 2 0.6 0.9975 0.08 %

70 2 0.9 0.9985 0.27

80 2 0.04  1.0008 0.14 ) excellent

90 2 0.0L  0.9990 0.09 )

Table 6. The Effect of Temperature of Plating Lath on the Quality
of the Electrodeposit using 4,0 millimoles ammonium
Oxalate, L0 nml Plating Solution, with tdonel us Ease hetel,

Terp. of No., of  Residue Mean ¥ Por Cent Appearsncs oI filwm
water 10 mg h=value std. dev.
brth films of nean
5C %
40 1 —— m———— —-——= ) excellent, just not
50 1 ——— e—— —-=- ) plated in 50 min.,
60 2 L.8 ————— _—— )
70 2 0.0 1,0018 0.10 )
80 R 0,07 1.0024 0.08 ) exccllent, sligint
90 2 0.03  1,0009 0.16 ) quantity removed

whepn rubbed hard
with €l¢oenex,




on nickel,

(R d

Mean A-value

of 28 films
&Q° © 1.001
100° ¢ 1,000

Application of the F-test®gives a ratio of &.2.

the same at the 1 per cent level of probability,

L8

FPer cent std,
dev, of mean

If the precisions were

this ratio should ke

>

no greater than 2,88, This indicafes that the precisions obtuined under
hese two conditions are significantly different,

Since films are not cuantitative if the bath temperature is less than
70°, and at 100° the specific activity is not reproducible, a temperature
of 80° £ 5° C is recommended for the electroplating of uranium on either

nickel or monel as the base metal,

Current Density.

The effect of current density is shown in Tables 7 and &, where two
concentrations of electrolyte were used, monel being the base metal, It
is apparent that a current density from 2 to 5 amperes during a 50 minute
plating psriod is satisfactory to obtain quantitative, adnerent films,
When only 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 of ammonium oxalate was streaked with black,
but this was probably due to tne fact that thes quantity of electrolyte
beinz used was near tne minimum regquired for satisfactory plating.

When nickel was used as the tase metal and th: glectrolysis was

carried out for 50 mihutes, there was no noticeable difference in cither

% Freeman, H., 4., Industrial Statistics, Second Edition, John "ilecy and

Sons, New York (1944). OChapter II.
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Tric affect of Current Lensity on tne uality of tue dlcctro-
deposit using 2.0 millicoles annoriuc Oxalate, 30 nl tloving
3olulior, uith sonel as Lase ketal,

0. 0f lwegidue vean ¥ Ier cent  Appearsnce of

10 mp A~value sld, dev, file

filus ) of mean

amperes/ %

C.6 1 S N w—— Jelack and amorphous,
1.0 1. 006 mmmmae ——— Jnot counted,
1.8 1 0.03 0.9956 -—— non=sdnereni,
2.0 2 .02 1.0025 0,03 ) Lty ror
2.5 2 0,03 0.9998 0.22 )g00C, slitntly vor-
3.0 b 2.03 1.0010 0,07 )dl'er‘“t At edit.
3.5 2 0.10 049969 0.02 Zo06
L0 2 0.05 1,0000 0.0% good
Leb 1 3.05 1.0027 —_——— strecied «ita tlack,

cell woiled visorously,

¢ Lffect of Current Jensily on the .uality of Lie xlectro-
dc01 it veiog 4.0 rilliroles ammoniva Uxalate, 40 ol rlating
Solutior, witn zorsl &s Lase .etal,

o, of Residuer  kean Y fer cent  Appearance of
10 o h=value std, dev, film
filwms of wean
ulpbPES/ M

2.0 2 0.03 1.00Ch 0.09 )

2.5 2 0,0¢ 1.0020 0.07 )

3.0 < 0.C5 1.0015 0.10 )

3.5 2 0.11 1,0012 0.17 Jexcellent

4,0 2 0,07 1.0019 0.30 )

L,5 P 0,04 1.0025 0.0& )

5.0 2 0.07 1,0021 0.11 )
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the appearance of the films or irn the completeness of plating for current

dgensities of 2, 3, 4 and 5 amperes, Table 9. 1th a current cdensity of

w

4.5 to 5.0 amceres, the plaving solulijon boiled vijorously. Tnis lirits
the sractical currert censity to a maximur of 4.0 arpercs unleas o coole-
ing batn is used,

igure 3 shows the emount of uraniun plated at vzrious bime intcrvals

usirz 3.0 arperes at &0° €, ¥ijure 4 snows tae logarithm of Lhe pcrecnt-

gze ureniug left in solutlor vs., tne tisne of platicg for & current dctsity
of 2,0 and 3.0 amperes at 100° C., as well as 3.0 smpercs al 80°, 3ince

& straigat line is praduced'a first-order rcaction rate is clearly in=-
dicated, Arn initiel divergence is due to 2z glower rate of plating coused
by the lower tompersture and/or s lovwer pH. ss tue electrolysis pro-
gresses, the passaje of current ucabls toe nlatiryg solution aoove tue Latn
temperature, and a rise in pio acconpanies tie decomposition of electrolyte

(c.f. pace 70, pif of Flating Solution)., after the first 2 to 4 rninutes,

ths reaction tecomes first-order witn tie rale constants indicsued ir
Figure Ly The constant for 2.0 arperes, 0,22 min”l, is teo=-tnirds the
constant for 3.0 amperes, 0,34 min'l, siiowling that the officiency of plat-
ing is acout bhe sare under these two concitions., Tatle 10 lists the
data trat :erc nlotted in Figures 3, L, and 5.

Lecouse of tne limitations imgosed below 2.0 ampercs and above h.é
amperes/ 2L cmg, the micpoirt, 3.0 ampercs, 1s recorrended ag Lhe current
density at which to electroplate urnrlue on rlekel or ronel as. the basé

retal,
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Table ¢, The wffect of Currert Density on uviae uality of the bLlectro-
derosit usiyy; Standard Conaltions with ficxel as iase Letul.,

Currert wo. of Lcan * Per cent? hppeararce of
density g ag A=value std. dev, film
films of mean
asperes/
24 cm<
2,0 2 1.00C 0.1& )
)
3.0 L 0.99¢ 0.14 )
) excellent
4.0 1 0.995 -——- g
5 oo l 1.002 - )

2 Theoreticel std. dev, of count for single film wus 0,226,




Teble 10. <tentity of Ursniwe ilsted at tre wnd of Virious Time intervals under Various
Flaiing Corditions,

Time of

kean ver cornt® uraniup pluted  sid, dev. of wear.

Flating Stancard '100° C, o000 C. 40 w1l total volume, 5.0 pilli-
conditions 10 mz films 2 anperes moics of amcornium oxalste,
10 mz filas 10 uz filis b osg filas 10ty filmns
rinutes
3 1,2 T7.8 28.7 L G.7 w.l r7.8
5 L6.& 3.2 5¢,5 3.3 40.1 3.7 453 & 5.7 L3 4.0
g 72.3 A 83.6 3.5 71.6 2.4
10 &l.7 1.3 96.4 Q.52 &2.5 2.3 Eh.? 1.6 7.2 L.7
15 95.8 C.73 49.0 0.2C $5.9 C.83
20 G&.0 .10 196 0.25 Y9.0 .02 Q8.5 Qele 9E.7 0.16
<5 9%.6 0.1¢ 099.9 0.30 99.1 0.1&
30 999 0.10 100.0 0.37 UG .c 0.43 G2.8 0.0z 99.6 .12
35 100,1 0.12 100.1 0.32 100.0 0,16
LG 95 .8 0.10 100,2 0.LE 9.7 0.15 100.0 0.1C
45 100.2 C.1é 100.0 DY 160.0 Delx
50 9%.9 0.0¢% $992.9 0.35 10:.0 0,14 10C.0 0.10 100,05 0.09

Zack valie in teble represerts tue

wean of L clecteorlaled tilms

14
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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 different concentrations of ammonium oxalate were used

employing monel as the base metal. The electroplating apparently was

less quantitative below 400 r.p.m. with 2,0 millimoles of electrolyte

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

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

became black and amorphous,

Nickel, as the base metal, gave similar results, 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 to0 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 rep.m. and is practically non-existent at speeds of 200 r.p.m. and

less,

In order to determine 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 summarized in the table below:

No, of Mean * Per cent No, of Mean * Per cent
5 mg alpha std. dev. 5 mg fission std, dev.
films counts of mean films counts of mean
300 r.p.m. 7 11527 0,11 (0,06)2 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.
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Table 11. The Effect of Speed of Stirring on the Quality of the Electro-
deposit using 2.0 millimoles of Ammonium Oxalate, 30 ml
Plating Solution, with Monel as Base letal.

Speed No. of Residue Mean ! Per cent Appearance of

of anode 10 mg A-value std. dev, film

rotztion films of mean

Tepom, %
100 1 3.8  eeemee —— ) black, amorphous,
200 1 et — _) non-adherent
300 1 2.4 meeee- —_—— streaked with black
40O 2 0.5 = ——=vu= ——— streaked with black
500 2 00.03 1,0017 0.10 )
600 2 0.01 1.0002 0.00 ) good
700 2 0.03 1.0000 0,13

Table 12, The Effect of Speed of Stirring on the Quality of the Electro-
deposit using 4,0 millimoles of Ammonium Oxalate, 4O ml
Plating Solution, with Monel as Base lietal.

Speed No, of Residue Mean T Per cent  Appearance of
of anode 10 mg A-value std. dev. film
rotation films of mean
reD,.m, %

2 1 e ———

388 1 O-Z ______ — gblack, amorphous
100 5 0.2 ——— e —%non—adherent-
500 2 0,05 1.0015 0,14

600 2 0.0k 1.0024 0.18 ) excellent

700 2 0,03 1.0022 0.16 )



Table 13. The Effect of Speed of Stirring on the Quality of the
Electrodeposit using Standard Comditions with Wickel as
Base lietal,

Speed No. of Mean T Per cent?®  Lppearance of film
of anode 8 mg L-value std. dev,
rotation films of mean
I'e Do M
100 2 0.986 2.30 black amorphous areas
200 .2 0.987 1.00 black amorpnous areas
300 R 1.002 0.30 brown spots
400 2 1,000 0.20 )
)
500 L2 0,999 0,17 )
) excellent
600 2 1,000 0.09 )
)
700 2 0.999 0.23 )

& Theoretical standard deviation of count for single film was 0.22%,
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No significant difference was observed bstween the means of the films

plated at 300 and at 800 r.p.m. It should be realized, however, that

the radial non-uniformity produced by higher speeds of stirring does

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

» not shown by the precision of these measurements, Because of the limita-
tions below 300 r.p.m. and above 800 r.p.m,, an anode rotation of 500
r.p.m, is considered satisfactory,

hn exploring disk (c.f. page 15) was placed over 4 of the films made
at 300 and 800 r.p.m., These data show, in Table 14, that the light
center spot does have considerably less uranium deposited than the re-
mainder of the film. This confirms the estimates of the thickness of the
center spot made by observation of the interference colors,

L recent preliminary investigation has shown that excellent films
can be nade by stirring the plating solution with an up and down move-
ment of the present platinum anode, Films weighing 1, 3, 10 and 18 mg
were plated using standard conditions with the exception that the solu-
tion was stirred by moving the anode up and down a short 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 cathode,

The film thickness was uniform over the entire area of the electro-
deposit as evidenced by the interference colors., This uniformity was
confirmed by use of the exploring disk and the date is shown in the last
two linss of Table 14, Since the number of counts obtained from these
films of normsal uranium was small, the differcnces between the cunter and

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




Table 14, Radial Distribution of Uranium st Two Stirring Speeds as Determined by hxploring Disks.

Film Size of hole  Speed of Film Number of alpha counts per minute? Ratio of
number  in exploring anode weight from uncovered hole position 1
disk rotation position 3
inches r. p. m. mg Position®
1 2 3 L
69 3/8 300 L,O 1290% 6 1552 %1 1596 £ 6 1593 £ 0 0,81
80 3/8 800 L.0 596 3 1633 3 1635 5 1598 0O  0.36
68 1/2 300 4,0 2252 16 2658 11 2916 24 2736 4 0.77
81 1/2 800 4.0 1168 9 20637 20 3015 20 2875 11 0.39
3/8 1 cycle/sec.® 10,0 106 100 1,06
1/2 1 cycle/sec. 18.0 326 320 1.02

8 Hach count is the mean of two 30 minute counts.
b position l--center of electrodeposit.
2—--nicarly tangent to center hole (position 1).
3w—between position 2 and 4.
L—nearly tangent to the edge of the slectrodeposit.
C Vertical movement of anode..

09
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stirring shows promise for making uniform films, but does not warrant

changing present apparatus,

Time 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 thet essentially
all of the uranium hss been deposited well before the end of the 50
minute plating period, Even when the total volume of the plating solution
was incressed to 40 ml and 6,0 millimoles of Ammonium oxalate wes used,
99.9% of the uranyl nitrate was plated in roughly 35 minutes zs shown in
Figure 5, This gave the slowest rate of plating of the conditions in-
vestigsted and plotted in Figures 4 and 5. The additional plating 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 ratec of plating should be slowed.

In order to obtain a quantitative dcposit 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 and decreased
quality of the electroplated film, However rapid analysis with less
precision can be made, “hile a short plating period would speed the
analysis, precision must be sacrificed in an elecctrolysis of much less

than 50 minutes,
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ELECTROPLATING SOLUTICN VARIABLES

Quantity of Electrolytc,

Table 15 shows the effect of v.rying the quantity of elsctrolyte
on the quality of the electrodeposit using monel as the basc metal.
From these data it is apparent that the quantity of electrolyte from
2.0 to 6,0 millimoles has little effect on the specific activity when
the plating is carried out for 50 minutes. The quantity of electro-
lyte deces not seem to appreciably rcduce the rate of deposition of
uranium, for the films arc quantitetive with as much as 6.0 millimoles.

The next section on Volume of Plating Solution will give additional

data. If slightly less than 2,0 millimoles is used, thc quantity of
electrolyte is insufficient to dbtain an adherent deposit. These
data dofinitely indicate that the quantity of 2.0 millimoles which was
recommended for electroplating on platinum is on the extreme lower
Lmit when monel is vsed.

The eficct of varying the quantity of oxalate when nickel is

used as the basc metal is indicated in Table 16. In this case 2.8
millimoles of ammonium oxalate must be used befors a satisfactory
film is produced.  Six millimoles gives excellent results. From

hess data, it would appear that from 3 to 6 millimoles gives good
electroplated films and 4 to 5 millimoles is rccommended, As more
electrolyte is used, it should be realized that the rate of plating
is decrsascd slightly, and the other conditions such as current
density and particularly tempcrature must be maintained to insure

guantitative ploting,




Table 15. The Effect of the Quantity of Elsctrolyte on the Quality
of the Electrodeposit using Monel as Base Mctal,

Quantity of No. of Residue Mean® aPcr cent  Appearance of film
ammonium 9 mg A-value std, dev.
oxalate £ilms of mean
millimoles % '
0.4 1 S

black, amorphous

e N N N

0.8 1 a— — non-adherent.

1.2 1 ——

1.6 2 0.31 0.9950 0.16 poor adharence,
black steaks.

2.0 2 0.C2 1.0006 - 0.18 )

2.4 2 0.07 0.9996 0.01 %

2.8 2 0,01 0.9978 0.15 3

3.2 2 0.05 0.9993 0.06 3

3.6 2 0.02 0.9991 0.20 g

L‘O 2 0.04 1.0008 0.06 g good

Lk 2 0.08  0.9996 0.06 3

4.8 2 0.01 0.9996 0.03 §

5.2 2 0.01 0.9998 0.023

5.6 2 0.03 0.9998 0.16 ;

6.0 2 0.05 0.9990 0.05 ;

a,
The t-tcest indicated no significant difference between any two
A-valucs obtoined from 2.0 to 6,0 millimoles of ammonium oxalate,
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. Table 16. The Effect of the Quantity of Electrolyte on the Quality
of the Electrodeposit using Nickel as Base lictal,

a b
¥Millimoles No. of Mean +Per cent Appearance of film
ammonium 10 mg A-value std, dev,
oxalatc f£ilms of mean
2.0 L 0.990 0.25 black, ameorizhous,
rcsidues hign.
2ely b i.000 0.05 black, amorphous.
2.8 L 1.001 0,05 )
)
3.2 16 1.000 0.08 )
) ercellent, uniform,
L.0O L 0.998 0.05 ) very adherent.,
: )
6.0 g 0.998 0.12 )

a
The t-test shows no significant difference between any of the values
from 2.4 to 6.0 millimoles,

Theoretical standard deviation of count for a single film was 0.18%,
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Volume of Plating Solution.

The cffect of varying the volume of plating solution as well as
the quantity of ammonium oxalate appears in Table 17 where monel wos
the base metal., Increasing the total volume of the plating solution
to 4O ml gave excellent, smooth, adherent films with quentities of
4,0 to 10.0 millimoles of ammonium oxalate. ¥hen the total solution
volume vms increased to 50 ml using from 4.0 to 10.0 millimoles of
clectrolyte, the resulting films for the most part were not quantitative
This was particularly true with the larger oxalate concentrations,

Effecets with nickel very similar to those with monel were obtained
by varying the total wvolurme of the solution and the guantity of ammonium
oxalate., Films made with a 50 ml plating solution were of better
quality than those on monel, Thasc data are summarized in Table 18,
In order to determine if any significant difference cxisted in the
specific activity of films plated with 30 ml total solution and 2.0
millimoles of oxalate comparcd with 40 ml total volume and 4,0 milli-
meles of ammonium oxalate, two series of films were plated., ZEight
films under the first conditions gave a mean A-value of 00,9995
i'0.0026, while the second conditions gave a mecan A-value of 0,9%993
+ 0,0028. Obviously, no significent differcnce can be shorn between
these means,

In fMigurce 5 is plotted the logarithm of the quantity of uranium
in solution vs., timc of plating for a total cell volume of A0 ml and
6.0 millimolos of ammonium oxalate compared with 30 ml total voiumc
and 4.0 millimolcs of clectrolyte using nickel as the base metal.
This graph indicates that the ratc of nlating is not appreclably

reduced by the larger volume and increased electrolyte concontration.
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Table 17, The Effect of Volume of Plating Solution and Quantity
of Electrolyte on the Quality of the Electrodeposit
using Monel as Base Metal,

Total volume  Film Millimoles  Residue  Mean Appearance of
of plating weight ammonium A—value film
solution oxalate
ml ng %
LO 9 4,0 ——— 0.9981 ) good
LO 9 [N} ——— 0.9988 %ﬁ_
L0 9 6.0 ———— 0.9952
40 9 6.0 0.10  0.9989 )
LO 9 8.0 0.10 0.9998 )
40 9 8.0 0.20 0.99%4 ) excellent®
40 9 10.0 0.03  0.9979 )
LO 16 8.0 0.04 1.,0006 )
40 11 10.0 0.05 0.9957 )
50 9 4.0 .01 0,9982 )
50 g 4.0 0,01 0.9982 ) fair adherence
50 9 6.0 0.7 0.9961 )
50 9 6.0 1.6 e ) non-adherecnce
50 9 8,0 1.6 0.9789 )
50 9 10.0 3.5 0.9460 )
50 16 £.0 3.5 0.9760 )
50 16 10.0 345 0.9135 ) fair adherence
50 13 8.0 3.2 0.9683 )
50 13 10.0 10.3 0.8736 )

a411 of these films were of the hignest quality. The adherence was
so good that the deposit could not be scratched with the thwmb-nail,
Several filus counted after this treatment indicated that none of
the deposit had been removed., The light center spot was smaller
and the overall uniformity of the film better than when 30 ml
plating volume was used.
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Table 18, The Effect of Volume of Plating Solution and Quantity of
Electrolyte on the Quality of the Flectrodeposit using
Nickel as Base Mctal.

Total volume Film Miilimoles Mean® *Per cont Appearance
of plating  weight ammonium A-value  std. dev. of film
solution _oxalate of mean
40 7.8 4.0 1.000 0.16 )
L0 7.8 6.0 1.002 0.14 g
) excellent
40 7.8 8.0 04999 0.17 )
L0 19.8 6.0 1,002 0.10 %
50 7.8 LeO W —eemm — non-adherent
50 7.8 6.0 1.000 0,13 )
50 7.8 8.0 1.000 0.15 g fair adherent
50 7.8 10.0 0,997 0.25 ;
30 3.9 4.0 1.001 0.16 )
35 3.9 6,0 0.998 0.21 g excellent
40 - 3.9 6.0 0.999. 0.19 ;
L5 3.9 8,0 1.000 0.05 g
50 3.9 8.0 0.999 Cel2 g

%Fach valuc represents the mean of four films,
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With the more uniform and more adhsrent nature of the eslcectro-
deposit obtained when using a total cell volume of 40 ml. and 6.0
millimols of ammonium oxalate, it scems advisable to recommend these
conditions.

PH of Plating Solution

To detormine if ths pE of the plating solution had an effact on
the quality of the films, solutions were adjusted to different pH values.
Sufficient nitric acid or ammonium hydroxide was added to give the
plating 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 valués were plated. After the electrolysis,
the pH of ons plating cell was deotermined from each set of four.

From the data in Table 19, it is apparent that the pH of the plating
bath before clectrolysis can be varied widely without affecting the speci-
fic activity. ©No significant differcnce can be detormined betweoen any
two pH wvalues from 2.0 to 9.0. Only when tho initial pH was 1.0 did the
count change appreciably. In this case, it should be noted that the pH
of the pleting bath after the 50-minute clectrolysis was only 1.2. In
all other, cases, rcegardless of the initiel pl, the final values were in
thc range 8.5 to 8.9 with no appercent correlation bstween initial and
final pH wvalues. The physicel appearance of the plated films was cssen-
tially the same although there was 2 tondency for films plated 2t a low
pH to have a darker color than those plated at a high pH.

From the above data, it would appear that the rate of plating in an

acid solution is slow. This was substantiated by determining the quantity
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. Table 19. The Effect of the Initial pH of Plating Solution on the
Quality of the Elsctrodeposit.®
Initial pr pH solution pH of nitrate® No. of DMean No. i?ercent
of plating at ond of solution before 10 mg. alpha std. dev.
solution slectrolysis addition of am~ films counts/ of mean
monium oxalate minute
1.0 L.z - 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
5.0 8.7 - 4 6462 0.05

The films plated 2t pH of 1.0 had a tendency to be non-adherent. The
remainder of the films were all of good quality, although there was =

tendeney for films plated at the lower pH values to be somswhat darker

in color.

using standard procazdure.

solution before the ammoniwa oxalate.

pH values 5.0 to 6.3 reprssents the initial pH of plating solutions

The nitric acid or ammonium hydroxide was ndded to the uranyl nitrate
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of uranium plated at the end of different intervals of time employing
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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 walue.

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
drawn 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 &
critical range, and small changes in.temperature and other plating vari-
ables caused the pH to change at different rates and produced large effects
on the rate of plating. 1In order to obtain precise curves of low initial
pH vs. time of plating, the variables must be closely 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 electrodecposits. The present



Table 20. The Effect of the Initial pH of Plating Solution on
the Rate of Plating. '
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Initial pH pH of solution Time of No. of Percent
of plating at end of electro- 10 mg plated
solution electrolysis lysis films
minutes —
1.08 - 10 1 0.15
1.0 - 20 1 0.15
1.0 - 20 1 7.5
1.0 - 32 1 31.8
1.0 - 40 1 97.3
1.0 - 40 1 48.0
1.0 8.5 50 1 96.9
1.0 1.2 50 1 16.86
1.0 1.3 50 1 19.6
1.0 1.2 50 1 9.5
1.0 1.3 50 1 21.3
1.5 - 5 1 1.57
1.5 - 10 1 17.0
1.5 - .20 1 98.3
1.5 - 30 1 100.0
1.5 - 50 1 100.0
2.0 3.4 8 1 5.9
2.0 4.9 10 1 21.0
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
6.2 - 3 4 14.1
6.3 - 5 4 46.8
6.3 - 8 4 71.6
6.3 -~ 10 4 81.7
6.3 - 15 4 95.8
8.3 - 20 4 98.6
6.3 - 25 4 99.6
6.3 - 30 4 99.9
6.3 - 35 4 I100.1
8.3 - 40 4 99.8
6.3 -~ 45 4 100.2
6.3 8.7 50 4 99.9

? Sincz 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.






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 solﬁtion must
be removed and the film dried after interruption of the current at the
end of the electrolysis. It would also indicate the need of adding an
inert liquid such as methanol.

A series of 5 mg. films were plated under standard conditions with
the exceprtion that methanol was not added to the cell at the end of the
electrolysis. The hot residual plating solution was allowed to stand
in contact with the film for various lengths of time, Table 21. These
data indicate that there vwas no significant re-solution of the electro-
devosit even at the end of one hour. A second series of 5 mz. films
plated under standard conditions including the addition of methanol gave
similar results after standing in contact with the film, Tabls 21. These
results were unexpected and in marked contrast to the results obtained on
platinum reported by Cchen and Hull*, where at the end of one hour 383
micrograms of U308 had dissolved from a film plated for 50 minutes.

Because of this apparent diffcrence, additional work was undertaken
using various conditions and the results are summarized in Table 22. It
is seen that when the hot plating solution is allowed to remein in con=
tact with the completed film, there is no noticeable re-solution of the

electrodeposit, condition 1.

*3¢c footnote page 4
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Table 21. Rate of Re-solution of Electrodeposit.

Time in contact A-value® UgOy  Time in contact A-Value® U0
with hot plating dissolved with plating dissolved
solution, 80°C. solution plus
methanol
minutes micrograms minutes micrograms
0 1.759° 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 g.7d 15 1.880 1.5
60 1.763 0.08 15 1.881 1.5
60 1.768 1.84 15 1.875 4.5
60 1.762 1.5d

@ Bach value represents one 5 mg. film.
b Mean of 8 films using standard conditions.
¢ Mean of 20 films using standard conditions.

4 The residual uranium was determined by plating the solution for 50
minutes using 4.0 millimols additional ammonium oxalate.



Table 22. Re-Solution of Elsctrodepesit in Residual Plating Solution and in Distilled Water.

Condition®
1 2 3 4 5
Film U20g - Film U20 Film Ug0g Film Uz0g Film Uz0g
weight  dissolved weight  dissolved weight  dissolved weight  dissclved woight  disselved
mg. micrograms ng. micrograms IMg. micrograms mz. micrograms g .- micrograms
9.7 5.5 9.7 59 T.4 1.9 7.3 175 9.7 6.5
9.7 6.5 9.7 27 7.4 1.6 7.3 T4 9.7 7.8
9.7 7.3 9.7 35 7ok 3.7 7.3 51 9.7 6.4
9.7 5.3 2.7 49 Ted 1.8 7.3 91 9.7 5.0
7.3 3.8 8.7 129 7.4 7.3 T T
7.3 0.0 9.7 77 1.4 7.9
7.3 2.2 9.7 38 T.4 4.8
7.3 1.0 9.7 62 7ok 5.7
9.7 7.1P 7.3 82 -
9.7 g.1P 7.3 60
9.7 3.20 7.3 77
T 7.3 44
Kean 4.5 62 4.3 98 6.4

& Condition

Condition

Condition

Condition

Condition

[a]
I

Standard procodure, methanol not added, hot residual plating solution allowed to stand in
contact with film for onc hour. Solution replated using 4.0 millimols additionzl smmonium
oxalate.

Standard proczdure, hot residuel plating solution discarded, cell washed thoroughly with
distilled water, 30 ml. distillcd water allowed to steond in contact with film for onc hour.
30 ml. water plated using standard proccdurs.

Standard proccdure except plated for only seven minutes, 75% of ursnium plated giving 7.4 mg.
films, hot residusl plating solution discarded, ccll washed thoroughly with distilled watcr,
30 ml. distilled vmter allowed to stand in contact with film for onc hour. Watsr roplated.
Standard procedurc, methanol not addsd, hot plating solution discarded, ccll rinszd with
80°C., distilled water. 30 ml. distilled wator, 80°, allowed to romein in contact with film
for one hour. The 30 ml. of water was platad.

Stondard procodurc, methanol not added, hot ploting solution discarded, ccl1l rinscd with
distilled water (pE 8-9), 25°, This wator sllowed to romoin in contact with film for onc hour.
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However, if the residual plating solution is replaced'with 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, 80°, distilled water,

The pH of the distilled water used was rougnly 6,3, while the resid-
val plating solution had a pH value of aprroximately 8.5. To determine if
pH was the reason for the observed difference between the distilled water
and the plating solution, 10 mg films were plated using standard cordi~
tions, and then allowed to remain in contact with cold distilled water,
pH 8 to 9, condition 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 water that causes the resolution
of the film,

Noting condition 3, Table 22, it will be seen that there was no re-
solution of the electrodeposit when cold water was allowed to stand in
contact with the film for 1 hour, the films having been plated only 7
minutes, Thoese data should be compared with conmditions 2 and 4 where
cold and hot water both dissolved significant quantities of the electro-
deposit of films plated for 50 minutes. This means 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 uscd as the base metal., At the moment no explamation is available
other than that the elsctrodeposit undergoes some change in hydration or

crystalline structure with prolonged heating and elsctrolysis,
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. Considering the sxtremcly slow rate of re-solution of th'e— glectro-
deposit inm thie hot rusidusl plating solution, the additiosn of the 60 ml of
rethanol to the plsating cell nt the cnd of the cloctrolysis ssems of no
valuc, 1t is propos:d tanst the hot pl:oting solution be poured out, and
the cell rinsed with a spray of methiznol from a wash bottle to remove

the liocuid from the film prior to ignition.

WIZCELLANEOUS VARIABLLS

Ignition of Film,

Ignition of the elsctroplated film with the subsecuent ineronse in
specific activity indicstes thnt during the electrolysis voriad zmounts
of irpuritics =2re deposited in addition to the uranium, Taese imrcuritics
probstly are oxygsn -nd carbon, The loss or partisl loss of tiwcse ine
puritics by igrition deecrerscs bthe amount of =lphs or fission perticle
absorption,

“ith platinum as bose mebnl, the filuos were ignitod ot = tempera-
ture of 700° C. nowcver, the oxid-itlon of monel =nd nickel prohibited
this nigh ignition tempersture, +n order to ottain a reproducible
specific nctivity from clectroplated filiss, 2 s-oriss was plated =nd then

iznited bt vorious tempersturce snd for differcnt lenctns of time, worel,

since it vas used 25 a bosce metel belore nickel was investl-ated first.,

The deta are swmmrized in Tavles 23 and 24, igniting filss for 10
minutcs at different tempersturcs snowed roughily = 0,77 incrinss in Ae-

C o ‘ BN . . .
value from no ignition to 350° C. From 3507 to 500°, o plateru region

wns found where no significsnt differcence in tne .-value was observed,

®
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Table 23. The Effect of Ignition Temperature on the A-valuc using
Monecl as Base Metals

Ignition Number of _ Mean® +Per cent
temperature 8 mg films A-value std, dev,
(10 ninutes) . of mean

= prares or_mean
no ignition 2 1.0000 0.15

250 2 1.0035 0,13
300 2 1.0040 0,10
350 2 1.0071 0,01
400 2 1.0066 0.05
L50 2 1.0075 0.10
500 2 1.0076 0.04

&i-value of unignited film arbitrarily adjusted to 1,0000

Table 2. The Zffect of Time of Ignition on the A-value of 8 mg
Films Heated at 425° C,

Time of Ignition Mean A-value ifer cent std.
of 5 films dev, of mean
minutes

0 1,0000 0.15

1 1,0035 0.05

5 1,0068 0,07

1G 1.0074 0,11

30 1,007k 0,07

60 1,0070 0.05

8p—yalue of unignited film arbitrarily adjusted to 1,0000
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Selecting the midpoint of this plateau region, 425°, 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, & rapid initial in-
crease.in A-value accompanies the increcse in temperatufe. In the
case of the 538° 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° and 427° ignitions with
prolonged heating., It is desirable to have the 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-
ature from h250'to SZEC)C from 10 to 15 minutes showed no signifi-

cant change in A-value, A time and temperaturc within these ranges

are recommended,

Addition of 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, VWhile
all such impurities which come in contact with the uranium hexa-

fluoride are theoretically removed, some in small quantities may be



Table 25 The Bffect of Temperature and Time of ignition of the Electrodeposit on the A-value usiné
Nickel as DBase hetal,

Time of ignition hean hA-velue & per cent std., dev. of mcan®
minutes
Temperature

93° ¢ 20k c_ 318 ¢ _h2°c__ _538°¢C__

Ob 1.0000 £0.12 1.0000 *0.14 1.0000 *0.19 1.000C 20,10 1.0000 *0.16

1 0.9998 0.08 1.0010 0.03 1.0018 0.10 1.0046 0.02 1.0070 0,08

5 1.0008 0.08 1.0058 0.03 1.0045 0.13 1.0055 0O.14 1.0078 0.12

10 1.0016 0.11 1,0033 0.1z 1.0056 0.15 1.0077 0.18 1.0075 0.09

30 1.004L0 0C.04 1.0044 0.10 1.0085 0.09 1.0078 0.17 1.0075 0.18

60 1.0043 0,04 1.0058 0,15 1,0080 0.15 1.0071 0.18 1.0044 0.14

a ~0 o] ' . . s .
£t 937 and 2047, each mean represents 4 films. &t the remnining temperatures, eacn mean represents 8
filws., The theoretical standard deviation of the count was 0.22%.

b [ _value of unignited filss arbitrarily adjusted to 1.0000.

08
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carried over in the distillation step by purely mechanical means,

. Hence a series of heavy metals were added to the plating solution.

Kuch larger quantitics werec added thian could possibly be present

in order to magnify the results. The data are shown in Table 26,

and summarized below:
1. Aluminum: The addition of 1.0 mg of aluminum as the nitrate
does not lower the counting rate. The films zare of good cual-
ity and appear normal in all respects,

2. Cadmium: This metal added as the nitrate caused the films to
Se dull in color and when 5.0 mgs of cadmium was added the films
began to zppear amorchous and non-adherent., The addition of”
cadmium did not lower the alpha activity. Strangely snough,
considering tine large cross-section of cadmium for slow neutrons,
the addition of 5.0 mg of cadmium had no noticeable «ffect on
the specific fission activity. It is entirely possible, how-
ever, that the cadmium was not plated with the uranium but re-
mained in the plating 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 most probable of all contaminants since
it could get into the solution after the purification steps.
If any of the chromic acid used in cleaning the plsting cell
were not removed by the successive water rinses, chromium would
remain.and_be introduced into the plating solution, “hen as
little as four to five drops of tiiis cleaning solution ares
added, the resulting film counts roughly 3% low. This addi-

tion does not cause the film to pecl, but the interference
@

colors are somewhat darker.




Tablc 26, The b
the Electrodeposit.

Tetal wuantity™ Form
added ~cded

e

Aluminuwn 1.0 s luniinum
nitrate

Cadimium 245 Cadmium
5.0 nitrate
Chromium 2 drors Cirondic acid
L drops clenning
5 drops sclution
Copper <45 Cupric nicrate
2540 :
Iron Ze5 ‘erric
5.0 sulfste
20.0
brngansse 1.0 kanganous
sulf=te
rickel 2.5 ickel
5.0 ciloride
Te5
20.0
Tin 1.0 Stannous
ciloride
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Chromic acid can cause the films to peel however,
When 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,
Copper: The addition of 2.5 mgs of copper as cupric nitrate
caused the films to look dull, but had no apparent effecct
on the specific activity. With a large addition, 20 mgs,
the films were black, amorphous and non-adherent ,
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 mgs 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 hecame
basic enough to precipitate the remainder of the 20 mgs . of

iron as ferric hydroxide.

.Manganese: The presence of this metal had no apparent effect,

Nickel: The addition of nickel as the chloride in quantities
comparable to the weight of U40g caused the films to be

dull in appearance, The films plated with 20 mgs had black
streaks and appeared‘partially amorphous and non-adherent, -

The specific alpha activity was lowered by he5%




.

8. Tin: Added ss stunnous chloride, tin had no appﬁréht

detrimental effects on the clectrodeposit,

It can be seen from Lhe amounts of heavy metal impurities
which had to be added to obtain these effects that this source
represcnts little or no danger to precise electroplating. When
20 mgs of metallic ion was added, the lowered A-value was due more
to failure to plate properly than to absorption of alpha particles
by the impurity. It is practically inconceivable that any wmetal,
other than chromium, should pass the various purification steps
in amounts comparable to the quantity of uranium in the sample,

and 1t required such amounts to produce even these small effects,

The author desires to express his sincere appreciation to
Dr, D. &, Hull and Dr. F, W. Hurd for their most able assistance
and liberal direction of the work. Special acknowledgnent is made
to Mr. "arren Brehm, Mr, Joseph Fox 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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SUMMARY

4L description of an efficient multiple plating unit is described
including photographs and wiring diagram, A good electroplated film
is described and methods of determining the quality is discussed.

In the counting metnods of isotopic analysis, it is desirable to
obtain with low concentrations 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-
tigation of different metals, gold, silver, copper, aluminum, monel
and nickel as possible substitutes for platinum, revealed that monel
and nickel were superior, nicikel being the better of the two, ™%ith
the use of nickel, it is possiblc to plate 2L mg per 24 cm2, although
16 to 18 mg is the upper limit for an excellent electrodeposit. Nickel
or monel are used once and discsrded, eliminating the counting of the
disc for presence of residual uranium,

The surface roughness of the base meteal has an effect on the speci-
fic activity of the plated uranium, but a cold rolled nickel or monel
surface is reproducible and satisfactory. Investigation of metnods of
cleanirg the nickel surface prior to electrolysis indicated o simple
degreasing to be tie best.

A comprehensive study of the quantitative electroplating wethod
using nickel and moncl as the base metzl indiczted the following condi-

tions would give z2n excellent electrodeposit:
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1, Ammonium oxalate selected from a series of ammonium salts.,

2. Temperature of plating bath~--80° & 5° C, .

3. Current density per 24 emf-~3,0 amperes,

L. 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 plating solution--40 ml.

8, Initial pH of plating solution--2.0 to 9.0

9. Temperzture sond time of ignition of electrodeposit——h25o to

525° G for 10 to 15 minutes.

The rate of re-solution of tne electrodeposit in the residusl plating
solution was negligible and the addition of small quantities of a number
of metallic impurities to the plating solution has no significent effect
on the quality of the electrodeposit wita the exception of chromium and
nickel, 7ith careful technigue, a standard deviation of 0.15% or less
is the error of this electroplnting method,

Using nickel or monel &s 2 base metal, the quantitative electro-
plating methiod using the above menticned conditions is capable of
producing excsllent electrodeposits of uranium for the alphs ~nd fission

counting met.iods of isotopic anslysis.
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Summary:

The following work supplements the report® by C. McAuliffe.
The methods and apparatus used were identical. It was noted that
difficulty existed in obtaining precise results when counting U308
films weighing less than 0.5 milligrams. Tc¢ study this effect the
vxperiments described in this paper were performed. These 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.

Experimental:

Films weighing from G.0C2 mg to 0.634 mg. vere made using identical
plating procedures. For cach film weight investigatod, 12 films were
made from solutions obtainzsd from the Counting Ssction. The following
table correlates the film number, film welght, approx. F value of the

uranyl nitrate sclutions, and the amplifier cn which each film wus

counted:
Approx . ¥ Counting Sect.

Film ¥ Film . Amplifier Uscd Val.of#80l. Sol,Number
RF 74 (1-12) 0.020 A 26 2365 A
RP 73 (25-36) 0.050 A 26 2365 &
HF 75 (1-12) 0.075 c 30 2364 B
RP 73 (13-24) 0.100 A 26 2365 i
RP 73 (37-48) 0.150 A 26 2365 A
nP 73 (1-12) 0.200 A 26 2365 4
#P 76 (1-12) 0.250 D 26 2365 &
RP 72 (25-36) 0,317 A 30 230l B
KF 72 (13-2L4) U476 A 30 2364 B
RP 72 (1-12) C.634 i 30 2364 B

The films in cach series of films were plated in the conventional

manner for 50 minutes znd then heated for 16 minutes in the furnzce at

8U0CF. After cooling, cach of these films was counted for & total of
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110,000 counts in order to attain a counting precision of (.3% standard

deviation for « single film.

Observations:

‘All fiilms were firmiy adherent to the nickel bzse plates. 1n general,
those films, having & film veight of 0,200 milligrams, svemed to have more
"pin wheeling" thon films mode of the other film weights., Thers secmed
to bz no evident rclationship betw:en the amount of "pin wheeling! on the
films and the calculated standurd doviation of a single determinstion.

Discussion of Results:

The results are tabulated in the following table 1 and arc shown
on & graph. A film thickness was crlculeted for sach set of film weights
using a density of 7.3 for 1508 as a basis for the calculations.

A standsrd deviation of (.33% for a single determination wias obtained
when a film weight of 0.634 mg. was uscd. No prucision approsching this
vzlue (L.33% Std.Dev.) w.s obteined with films lighter than C.634 mz,

The best vulue, othervise, obt.inaed vas a stsandard deviation of single

deturminstion of 1% for w film containing 0.476 mg. U308'
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TABLE 1

Sezmple # No.,of Film Number Standard Deviation  Limit of
Films Wt.in Counts Single Det. Mean Error of

Mg. (Lezn) Counts % Counts % Mean %

R 72 (1-12) 12 0.634 12,426 41,5 0.33 12.0 0.10 0.22

RP 72 (13-24) 12 0.476 9,581 9€.2 1.03 28.4 0.30 0.66

EF 72 (25-36)% 11 0.317 6,335 320 5.1  96.4 1.52 3.4

R¥ 76 (1-12) 12 0.250 4,111 589  14.3 170.2 4.1 9.0

R 73 (1-12) 12 0.200 3,020 507  16.8 146.5 4.9 10.8

RE 73 (37-48) 12 0.150 2,440 250 1¢.3 72.3 3.0 6.6

RF 73 (13-24)* 11  0.100  1,54C 18C  11.7 54.2 3.5 7.8

RP 75 (1-12) 12 0.075 1,592 86.4 5.4 25,0 1.6 3.5

RF 73 (25-36) 12 ©.050 84L.6 49.3 5.8 14.2 1.7 3.7

RP 74 (1-12) 12 0.L20 339.1 19.5 5.8 5.6 1.7 3.7

R 72-35

SRE 73—lé}> films discarded due to operational errors.
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