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ABSTRACT

The specifi.oalp’haactivity of plutonium waa found to vary in proportion

to the amount of iootope

nium in the uranium slug
.

*O pro~ont, whichis proportional to tha amount of pluto.

or to the amount of irradiation received by the slug. From

determinations of the specific activity on four samples of’different isotopic compo-

sition the half’life of PU239 was found to be .!3,600years; a~d, assuming that Pu2*

40 iS 69260contributes 13$ of’the increase in alpha activi.tyDthe half M.fo of Pu
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Introduction

The

conoentration

speoifio activity of plutonium must be known in order to estimate its

in various solutions by the radioassay methOd. Inasmuch as the

specific alpha activity had never been determined’underthe conditions imposed by

the radioassay groap~s method, four determinationswere made in this

plutonium samples of different isotopic composition. The)results of

tions give the specific alpha aotivity in recorded counts per minute

of plutonium neaessary for the ractioassaymethod. These results are

rammer on

the determina-

per microgram

shown in the

accompanying grapha. They do not take into account the geometry of the chamber of

the counter. Assuming the geometry of the chamber to be 51%, the half-lives of

PU239 and Pu*O are determined to be &,600 years and 6$260 years respectively.

Procedure

Reagonts~ Concentrated HN03
5N ENo

?Distil.od water
Acotono
Quartz-distilledhydrochloric acid
Quartz-distilled nitric aoid
Quartz-distilledwater

Apparatus: Two 50A ?discopipets and syringe
Uncalibrated weight pipet suitable for weight allquoting a volume of
approximately one ml and s~inge to ~it

Pipe* washer (This is made b,yattaching about *O inches of rubber
tubing by means of a piece of glass tubing to a rubber stopper, which
is inserted into a suction flask connected to a vacuum line. There
should ‘betwo of the rubber tubing-rubber stopper attachments.)

Four dropping bottles to contain the first four reagents listed above.
Magni.f@ng glass
,Kleenex
Three 1000-ml Normax volumotrio flasks .“:“9:“:” : “:”.“.
Three 3mall (* lQ-_-) beakers
Three 5=m3 volwo~W;%!@sks . . ~ J. U$IttASSIFJE)

=ss!mmm:: ;.;““;.“:““i:“:
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25-ml volumetric fIaelc -gs= ..
kticr~ssopecover glasses in small boxes
Two hot plates
Forceps
Nitrcgen-ohamber linear suaplifior
stop watch
Gold-soldered platinum boats made hy folding and ~oldering 100mil
pl(iti~~ cut out acoarding to the accompanying diagram

Ainsworth W (assay) balance
Ainsworth TC balance
Electric micro muffle Iurnace
Variac
Small ckmiccator with brass plate to hold bos,ts
Platinum-tipped forceps
360° thermcxneteri12aluminum block
Two small crystallizing dishes
One fliat glass plati3

Preparation of ths samples and the determination of their plutonium concentration

. from the %~eightof tho metal used: Zwo of the plutonium samples [lot numbers

Zl&7X andx) were supplied in the form of purified rdtrate solutions of about 80
.

to 100 @ concentration,and two (lot numbers ~Ii and 1.17H-120E)were in the form

of essentially puro pieces of metal. All of the plutonium samples had bsen puri-

fied by at;least oac cycle of the llAtlProcess1] (plutoniu#Ii oxalate precipitations

sod3um plutonyl s,cwbateprecipitation, and diethyl other extraction of’plutonyl

nitrate). Before ‘zhealpha counting, the variow assays,.and the varioua analysas

were perfc,rmed*tho xsotalpieces were convertad to nitrate solutions. Inasmuoh as

it was desired to use the weight of’the metal as a moaus of determining the oonoeu-

tration of the resulting plutonium solution9 the following procedure for the prepa-

ration of the solu%ion was used. A 2?5-m.lvolumetric f}.askwa~ cle8ned$ rinsed out

with quartz-distilledwater, dried. azd wei~ed on an Aineworth TC balance. An ap-

proximately half-gram piece of plutonium was dropped into the flask which was re-

.

● ☛ ● 98 ● . .

weighed. A “littlemore than th~ calculated amount ~:qutw.w-di~ttilgd”h~drochlol”ic
● ~*m ●

I) LM.L03,LA-405, JLM@6.
:WE ~
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acid was slowly addad to dissolve the Iustal. Sines it was not known whetlhera

plutonium chloride solution could be converted to plutonium dioxide in a manner

similar to the dioxide conversion of a plutonium ni-trateor a plutonium sulfate

solution by evaporation and ignition, five to ten ml of quartz-distilled HN03 were

added~ and the resulting solution was evaporated down to somewhat less than the

volume of the initial EIClsolution. Five to ten ml more quartz-distilled nitric

acid were added~ and~ after a second evaporation, the resulting solution was di-

luted with quartz-distilledwater and quartz-distillednitric acid until the

plutonium concentrationwas of the order of 50 to 75 g/1~ The volumetric was then

reweighed to determine the concentration of the plutonium per unit weight of solu-

tion~

Description of the aliquoting methods usedg In the case of all four samples, ali-

quots of the nitric acid solutions were taken for the various determinations to be

made upon them. The ddxmahations made upon Z?&7X and @ were an oxide assay

.

and an alpha counts whereas an oxide assay, a chemical titration assay, a chemical

analysis, and an alpha count were run on 79H and 11 7’H-E?OH.

Samples 22!vD7x and @ were aliquoted on a volumetric basis. Four plati-

num boats and tires 1000-ml volumetric flasks waro given a SO A cut

nitrate solution by msans of a Misco pipet. In order to insure tho

discharge of the aliquot into the vessel in question, the pipet was

each of the

quantitative

rinsed in the

following manner. TWOdrops (~ 75>) of 5N HN03 were placed on a microscope cover

glass and mere drawn in and out of the pipet, being retained in the pipet on the

‘thirdintake. which also w&s as complete as possible in order to prevent leaving
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cover glass and redischarged in the sam3 way. A third rinse of &e pipet, dis-

charged onto the same cover glass, was sometimes counted to demonstrate that the

pipet was quantitatively discharged. The pipst is washed and dried between ali=

quota by drawing through it in the washer concentrated nitric acid, distilled

water~ aoetone~ and air in that order. la order to remo~e any foreign matter frqm

the outside of the pipet, it is wiped off with a pieco of Kleenex moistenod with

acetone after it is removed from the washer. After the

with the plutonium solution, it is again ti.pedoff with

with Kleenex moiatensd with ~M HN05] in order to remove

side of the pipet.

Samples 793 and l17H-laOliweroaliquoted on a

pipet is properly filled

K2eenex (if rkeoessary,

any plukozkium

weight bMiSO

200 mg of solution (containing 5 to 10 szgof Pu) were discharged into

flasks and at least four boats from an uncalibrated pipet. The pipet

on the out-

Approximatoly

each of three

was weighed

between aliquots on an A.iasworthTC balanoe. The aliquoting for the chemical titra-

tion was done at the same time in the sam m~nner. The remainder of the solution

was submitted to cM-9 for chezd.calanalysis.
#

Determination of the plutonium concentratzlonby tho chemical titmtiom This work

was done by Harold Boaz of CM+. Itwill, be described in detail in a forthcoming

report. Briefly, ‘Uhemethod consists of preparing sulfate solutions of Pu111 by

fuming down the aliquots with sulfuric acid and then roduoing the plutonium with

liquid zinc amalgam. The PUZ1l is then titraked to l?ul~with eerie sulfate.
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then repeatedly heating them to 1000° C in the muffle furnace. The boats were kept

in the desiccator equipped with brass plates when not in uses exoept when they con-

tained a nitrio aoid solution9 the fumes of which corrode the bress. Y!henthe

boats contained acid they were kept on the glass plate with a crystallizing dish

inverted over them or on a hot plate with a crystallizing

1000-ml volumetric were washed with nitric acid until au

tion showed no alpha contaminationwhen evaporated onto a

and counted.

The hot plate was prepared by putting on it the

minum block

verted ov@r

from coining

dish for a cover. Three

aliquot of the wash solu-

microscope cover glass

thermometer in the alu-

and two or three microscope cover glasses with a crystallizing dish in.

the oover glasses. The cover glasses were used to prevent the boats

into contact with

evaporationswhich took place

thermometer read about 500 C.

temperature higher than this,

the hot plate, which corroded considerably during the

on it. The temperature was adjusted so that the

If the first part of the evaporation is done at a

tlzesolutions seem to creep excessively. The boats

and the flasks were then loaded by one of the methods described above~ after which

each bo~t was transferred to the hot plate. The boats were warmed on the hot.plate

at about 50° C until the solutions had concentrated as far as they would at this

temperature. The crystallizing dish

vent excessive amounts of tihenitric

the hot plate. Then the temperature

was removed and drained now and

acid which condensed on it from

is slowly raised. At about 80°

then to pre-

dropping onto

to $)0°the

Soh.l%icxw!

raiso the

l~o.~ and

began to boil, blowing rather large bubbles, hence it is necessaryto

temperature slowly. The bubbles usually ceased forming around 120° to

then temperature was raised somewhat more rRpidly until it was as high asa9 .099*. . ... .
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cloud oi’ brown gas would appear, which was undoubtedly due to the

most ot’the plutonium nitrate. TM boats were then transferred to

furaace, whioh was turned all the way on but was controlled by

means of a variac. The furnaoe was turned on with the variac set so that i.% would

roach 1000° Clor approxinntely so by itself.. The bowts were usually left in the
,

I

I

furnace for about two hours; during

temperature WIN about 1000° CO The

were reheated in the muffle furnace

to five micrograms or leSSO

the last fiftsen minutes to half an hour the

boats were then cooled and weighed. The boats

and reweighed until the weight became constant

Making the alpha counts; The flaskswre diluted to the mark with 5N iiN03and asu311

portions were poured into 5-ml ~olumetrics~ using small “beakersto aid the transfer,

merely for the purpose of making the

for counting wero prepared from eaoh

for each sample andwere dusted with

subsequent aliquoti’ngeasier. Three samples

flask. TWO miorosoope cover glasees W- u~ed

a soft brush to remove all dust and lint prior

to their use. A different ltiscopipet and a different pipet fitting for the pipet

washer were used to avoid ocdamination from the original.solution, whioh was

20.000 times more oonoentra”%d than the one to be counted. The washing of the

pipet and the taking of the aliquots were dcne in the same manner as in the case of

the initial solutions of samples 224-7X and @ described above. However, the ali-

quotwas discharged onto a oovor glass, and the rinsing, with 3 drops of 5N HSW3.

was aone on another. In this case the rinse wae left on tinesecond oover glass

after king drawn into the pipet several tinios,and the two cover glasses were

counted together d.%er being dried on a hot plato different from the one on which
●* ●** 9** ● ●00 ●

2, The pipet was washed and dri&~a~&~cr~~ecf&$’’z’e Mtweenthe boata were hoatsd ~

2) one rinsing was f’om;to bo eaou&~.~Thi.s maybe ch;d~eti$~:tdd%q%g”~ ”-hhird
.?.L- L*. 7..- L-a - -.--.-3..2-- xb5w’4a2-_ L-----a --A.A -AA. . . --- - --- --
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eaoh sample. The samples were counted in a so-called 50j&geometry-=nitrogen-chamber

linear amplifier for two eight-minute intervals. Samples 79H and l17H-120H were

counted for two eight-minute intervals on three occasions, each sample being counted

a total of L}8minutes.

Results

The specific activities and the half lives of Pu2~9 and l?u~o: The various assays

yielded the amount of plutonium corresponding to the oounting results. and thus the

speoific actitity was determined. The results of the fcxarexperiments in observed

counts per minute per microgram

errors are3)s

224-7x8

@s

79Jit

117Ha20H:

Data from other sources in regard to the amount of irradiation received

by the plutonium samples wad in regard to the amount of isotope *O in them, when

combined with the specific activity data~ show that the variation of the specific

activity is proportional to the amcunt of plutcnium present in the uranium slugs

to the amount of irradiation the uranium slug reoeived, and to the amount of iso-

tope *O present in the plutonium.

lations. There are two figures of

on the coarser scale extrapolating

The accompanying figures illustrate these re-

240
specific activity versus Pu content, the one

the specifio activityto higher values of Pu~O

~) The values have been revised somewhat since they appeared in
are the results of the same experiments. The new v@&&~~a”&
than the old.

M“sss but they
al+lf ● C$..5%higher

●* ●:0●0: ● ** ● 0
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content than havo yet been incurred, and the one on

calculato the

were obtained

Material

—._. .-—

the f!inerscale being used to

speoific activities of isotopes 259 and 21@. The #hO conoentrations

from LAMS-293.

Irradiation received in f Pl#@/[ Pu
Grams Pu per me%rio megawatt days per short and probable
ton U in slug ton error

‘224=7x * * o.mo63to.00006

& M * o.oo~ to.0002

79H 203 191+ 0.0133 s000006

117H0120H 215 204 0.0157 to.0006
xThe vduos for these points on the graphs were calculated using the conversion
factors givcm below. -

Conversion factors$

These conversion factors

Pu to grams Pu/mefirioton Us 1.44 x M++

Pu to megawatt days/short ton: 1.36 x Id

&owere calculated from the irradiation data and the Pu

analysis on lots 60HS79H0901L lloH~ l17H-~20H~~30HD150Hs 170H~

Fron Fi&. 2 itmay ’b@seen that the specific activity ofPu239 is 69,~0

c~m~~. Assuming a 51%geometry for the chamber. the specific alpha actitity of

PU2Z is 1.36 x 105 disintegrationsper minute per microgram. The half life of

PU239 is then 24.600

from the uncertainty

At a Pu*”

c/m/~. Theroforo$

years with an estimated probable

of the geometry of the chamber.

concentration of 1% the specifio

error oi’&* arising

.

alpha ac+ivity of Pu

mainly

is 71,770

4) Perlman and Seaborg, MUC-GTS=1872, July 28, 1%!5.0

—...— . ___.-
7
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that the remainder of’the increase is due to Pu* ~ if

is 51%$ its specific alpha activity is 5.33 x 1~ dis-

microgram and its half life is 6.260 years with an es=

timsted probable error of 10%.

Probable errorst The probable errors of the speoifio alpha activities in recorded

counts per minute per microgram were calculated from -the statistica~ error of the

counting and

error of the

The probable

the probable errors of the various othor xieasuremente. The+probable

volume of an aliquot was obtained from the pipet calibration data.

errors of the conoontrations of the initial nitrate solutionswere ob-

tained from the assay {gravimetric oxide. chemical titretion~ weight of metal) data.

The probable error of the volume to whioh the aliquots were diluted was estimated on

semi-quantitativebasi~. A generous estimate here still gave a negligible contri-

bution to the total error.>

The probable error on the size of an aliquot was 0.028~ (result of three

determinations). The probable error on the volume to which the aliquots were di-’

lu%ed arose from the expansion of the solution after dil.u’bion.I’twas

be 0e02~$e

The probable errors on the various assays (anclthe number of

in each ease in parentheses) fo210wss

estimated to

determinations

Material Gravi~e%ric Oxide Chomioal Titration Wtal .

22&7x 0.061% {3) 00680

@Y

● o*-o

oo145%(~)
?q~ oe187%(h) , U2;$”(’) ;.;3; ~*j
117H0120H 0.033% (5) ooo17~ (,5) o.o~ (*)

&fheSeprobab).e errors were estinlatod from the various C~JMWtIX& FUWlySea run on *ho
nitrate solution of tk plutonium. There were not fo#.~bQ$t~ onC~2&~~”and @ as
one result in each ~ase vas iuoornpatibletith MI
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The largest contributor to the probable error of tho specifio activity in

reoorded counts per minute per microgram was the counting data. T!MJfolluwing table

gives the probable error of the counting for each sample together with tho number of

cover glasses counted and tho approximate total number of counts recorded for each

glass. There vmra not alvJaysnins covor glasees, since accidonixz occasionally be-

fell them, and some were so tar out of line that their inclusion in the counting

data WOUld be obviously fd~aOiOUSc

Wterial Probablo oounting Number of ‘l!Otd counts
arror cover glasses per cover glat3s

●

✎ 211P7x 0. 14T$ 6 003 x 106‘!
v
● 4W 0.11% 8 002 x 106

.
79H o. iof!$ 8 1.0 x 206

117H=120H 0.155$ 9 1.5 x 106—

Comrtarisonof radioassam with chemical titration asa~sm$ As a check on the

spacii’icaotivity values, it was hoped to show that a number of radio assays on

samples that had received known amounts or irradiation e.greedwith the ohemioal

titl13tiQ21S Of’ thoso WU@os. However. the data on ~0 samples show that the radio-

assays &verage about O.~% lowr than the chemical titrations. This discrepancy

could be explained by a consisk”nt faulty calibration of the radioassay grouprs

-f
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