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ABSTRACT

The specific alphs activity of plutonium was found to vary in proportion

- to the amount of isotope 240 prosont, which is proportional to the amount of pluto-
nium in the uranium slug or to the amount of irradiation received by the slug. From
determinations of the specific activity on four samples of different isotopic campo-
sition the half 1life of Puc>? was found to be 2,600 years; and, assuming thet pu3t

contributes 13% of the increase in alpha activity, the half life of puO0 i 5 6,260
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SPECIFIC ALPHA ACTIVITY OF PLUTONIUM

Introduction

The gpecific activity of plutonium must be known in order to estimate its
concentration in various solutions by the radiomssay method. Inasmuch as the |
specific alpha activity had never been determined under the conditions imposed by
the radiocassay group's method, four determinations wers nede in this manner on
plutonium semples of different isotopic composition. The results of the determina-
tions give the spezific alpha activity in recorded counts per minute per microgram
of plutonlum necessary for ths radiocassay method. These results are shown in the
eccompanying grapha. They do not take into account the geometry'of the chamber of
the counter., Assuning the geometry of the chamber to be 51%, the half=lives of

u®39 and Puzho are determined to be 24,600 years and 6,260 ysars respectively.

Procedure

Reagonts: Concenirated HNOz
5N BENO
Distilled weter
Acctonas
Quartz-distilled hydrochloric acid
Quartz-distilled nitric aeid
Quertz-distilled water

Apparatus; Two 50 A Misco pipets and syringe

Uncalibrated weight pipet suitable for weigh®; aliquoting a volume of
approximately one ml and syringe to rit

Pipet washer (This is wade by attaching abou®: two 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 lins. There
should be two of the rubber tubing-rubber stopper attachments.)

Four dropping bottles to contain the first four reagents listed above.

Magnifying glass

Kleenex

‘Three 1000-ml Normex volumetric flasks ,°

Three small (v 10-ml) beakers

Threo 5-ml volumsﬁric“f}&sks
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25-ml1 volumetric flask

Microscope cover glasses in small boxes

Two hot plates

Forceps

Nitrcgen-chamber linear amplifier

Stop watch

Gold-soldered platinum boats made by folding and soldering 10-mil
platinum cut out according to the accompanying diagram

Ainswocrth VM (assay) balance

Ainsworth TC balance

Electric micro muffle furnaca

Variac

Small Jdesiccator with brass plate to hold bosts

Platinum-tipped forceps

360° thermometer in aluminum block

Two small crystallizing dishes

One flat glass plate

Praparation of the samples and the determination of their plutonium concentration

from the weight of tho metal used: Two of the plutonium samples (lot numbers

224-7X and Li¥) wers supplied in the form of purified nitrate solutions of about 80
to 100 g/A concenvration, and two (lot numbers 79H and 117H-120H) were in the form
of essentially pure pieces of metal. All of the plutoniwm samwples had been puri-
fied by at least ouec cycle of the "&" Processl) (plutoniumIII oxalate precipitation,
sodium plutonyl acotate precipitaticn, and diethyl ether exbtractiorn of plutonyl
nitrate). Before “he alpha counting, the varicus assays, and the various amalyses
were performed, tho motal pieces were convertsd to nitrale solutions. Inasmuch as
it was desired to use the weight of the metal as a mears of determining the concen-
Travien of the resulting plutomium solution, the following procedure for the prepa-
ration of the solubion was used. A 25-ml volumetric flask wag cleaned, rimsed out
with quartzedistilled vater, dried, and weighed on an finsworth TC balance. An ap-
proximately half-gram piece of plutonium was dropped into the flask which was re-

weighed. A little more than the czlculated amount 66?. Eq:’.:.\::‘éé;diét.iﬁ.lq&° hydrochloric

1) 14-L03, 14-L05, LAAREROVED FOR PUBLIC RELEA_S.'-
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acid was slowly added to dissolve the metal. Since it was not xnown whether a
plutonium chloride solution could be converted to plutonium dioxide in a manner
similar to the dioxide conversion of a plutonium nitrate or a plutonium sulfate .
solution by evaporation and ignition, five to ten ml of quartzedisitilled HNOz were
added, and the resulting solution was evaporated down to somewhat less than the
volume of the initial HCl scolution. Five to ten ml more quartz-distilled nitric
ecld were added, snd, after a second evaporation, the resulting solution was di-
luted with quarthdiétilled water and quartz-=distilled nitric acid unﬁil The
plutonium concentration was of the order of 50 to 75 g/l° The volumetric was then

reveighed to determine the consentration of the plutoniwa per unit weight of solu-

ticn.

Description of the aliquotling methods used: In the cage of all four samples, ali-

quots of the nitric acid solutions were taken for the various determinations to be
made upon them. The determivations mede upon 22L-7X and LW were an oxide assay
and an alpha count, whereas an oxide assay, a chemical titration assay, a chemical
apelysis, and an alpha count were run on 79H end 11 7H-120H.

Semples 224-7X and LW weie aliquoted on a volumetric basis. Four platie
num boats and three 1000-ml volumetric flasks worc given a 50 A cut each of the
nitrate solution by means of a Misco pipet. In order to insure the quantitative
discharge of the aliguot into the vessel in question, the pipet was rinsed in the
following manner, Two drops (~ 75)) of 5% HN05 were plased on a miocroscope cover
gless and were drawa in and out of the pipet, being retained in the pipet om the
third intake, which also wus as completes as possible in order to prevent leaving

excessive amounts of plutonium on the covor glass. Tha r;naﬁ.Waﬁ Lhen dlscharged

into the vesssl tha® xepeivednthadlbumgb.c T@_Eﬁﬂé‘“’a«% rq,&nggd on {he same
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cover glass and redischarged in the sams wéy. 4 third rinse of t:; ‘p?lpe’f‘.:, dis-
charged onto the same cover glass, was sometimes counted to demonstrate that the
pipet was qtiantitatively discharged. The pipet is washed and dried betwsen ali-
quots by drawing through it in the washer concentrated nitric acid, distilled
water, acetone, and air in that order, In order to remove any foreign matter from
the outside of the pipet, it is wiped off with a piece of Kleenex moistened with
acetono after it is removed from the washer., After the pipet is properly filled
with the plutonium solution, it is sgain wiped ofP with Xleenex (if mecsssary,
with Kleenex moigtensad with 5N mzo;) in order to remove any plutonium on the out-
gide of the pipet.

Samples 79H and 117H~-120H were aliquoted on a weight basis. Approximately
100 mg of solution (containing 5 to 10 mg of Pu) were discharged into each of three
flasks and at least four boats from an uncalibrated pipet. The pipet was woighed
between aliquots on an Ainsworth TC balance. The aliquoting for the chemical titra-
tion was done at the same time in the same menner. The remainder of the sclution

was submitted to Ci¥-9 for chemical analysis.

Determination of the plutonium concentration by the chemical titratioms This work

vas done by Harold Boaz of CN=9. It will be described in detall ia a fortheoming
report. Briefly, the method consists of preparing sulfate solutions of pulfl by
fuming down the aliquots with sulfuric acid &nd then reducing the plutonium with

liguid zine emalgem. The Pulll i5 then titrated to PulV with ceric sulfate.

Determination of the plutonium concentration by the gravimetric Puls method:; At

least four platinum boats were brought to a weight congigatrsiesyivg sgacyorrans or

loss on the assay balance by first cleaning the boé{’éi& 'ixr;-&liogqid';m

o

. ®
e water and
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then repeatedly heating them to 1000° ¢ in the muffle furnace. The boats were kept
in the desiccator equipped with brass plates when not in use, sxcept when they con-
tained a nitric acid solution, the fumes of which corrode the bress. When the
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 dish for a cover, Three
1000-m1 volumetrics were washed with nitric acid until an aliquot of the wash solu-
tion showed no alpha conteminaetion when evaporated onto a microscope cover glass
and counted.

Tﬁe hot plate was prepared by putting on it the thermometer in the alu-
minum block and two or three microscope cover glasses with a crystallizing dish in-
verted over the cover glesses. The cover glasses were usged to prevent the boats
from coming into contact with the hot plate, which corroded considerably during the
evaporations which took place on it. The temperature was adjusted so that the
thermomster read about 50° ¢. If the first part of the evaporation is done at a
temperature higher than this, the solutions seem to creep szxcessively. The boats
and the flasks were then loaded by one of the methods described above, efter which
each boat was tronefsrred to the hot plate. The boats were warmed onr the hot plate
et about 50° ¢ until the solutions had concentrated as far as they would at this
temparature. The crystallizing dish was removed and drained now end then to pre-
vont excessive amounts of the nitric acid which condensed on it from dropping onto
the hot plate. Then the temperature is slowly raised. A&t about 80° to 90° the
solutions began to boil, blowing rather large bubbles, hence it is necessary to
raise the temperature slowly. The bubbles usually ceasged forming around 120° to

1300, and then temperature was raised somewhat more rapidly;u%§il it was as high as

the hot plate would produce (~ 230° C). Somewhere dum:ng mvlast ?&mps:‘d.ture ins=
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terval a visible cloud of brown ges would aﬁpeér, which was undouvubtedly due to the
decomposition of most of the plutonium nitrate. The boas were then transferred Io
the miore muffle furaace, #hich was turned ell the way on but was controlled by
msans of a variac. The furnace was turned on with the variac set so that it would
reach 1000° C,or approximately so by itself. The boets were usually left in the
furnace for about two hours; during the last fifteen mimutes to half an hour the
temperature was about 1000° C. The boats were then coolad and weighed. The boats
wore reheated in the muifle furnace and reweighed until the weight becames constant

to five micrograms or less.

Making the alpha counts: The flasks were diluted to the mark with 5K HNO5 and amell
portions were poured into 5e-ml volumetirics, using smell beakers te aid the transfer,
merely for the purpose of msking the subsequent aliquoting essier. Three semples
for counting were prepared from each flask. Two microsccpe cover glasses were used
for sach sample ard were dusted with a soft brush to remove all dust and lint prior
to their use., A different Misco pipet and a different pipet fitting for the pipet
washer were used to avold contamination from the original sclution, which was
20,000 times more concentrated than the one to be counted. The washing of the
pipet and the taking of the aliguots were dene in the same manner as in the case of
the initial solutions of samples 224~7X and LW described above., However, the ali-
quot was discharged onto a cover glass, and the rinsing, with 3 drops of 5N HNO;,
was done on another, In this cese the rinse was left on the second cover glass
after being drawn into the pipet several times, and the two cover glasses were
counted together eftsr being dried on & hot plate different from the ome on which

ths boats were hestada) The pipetl was washed and dr*qﬁ'a&ﬁleacriﬁeg bsfoze between
2) One rinsing was SARRROJEDD Iéﬁa;@tBLTﬁREhEAEchedkeﬂ'by tdﬁﬁt‘i‘dg b. third
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each sample. The samples were counted in a so-called 50ji-geometry-nitrogen-chamber
linear amplifier for two eight-minute intervals. Samples 79H and 117H~120H were
counted for two eight-minute intervals on three occasions, each sample being counted

a total of L8 minutes.

Results

The specific acotivities and the half lives of Pu2>? and Puahoz The various assays

yielded the amount of plutonium corresponding to the counting results, and thus the
specific activity was determined. The results of the four experiments in observed
counts per minute per microgrem of plutonium together with their calculated probable
errors are3)5

22=7X; 69,574 * 115 e/mfy Pu

LW s 70,057 + 136 c¢/nff Pu

79H: 72,616 ¥ 84 c/mfs Pu

117H-120H; 73,069 ¢ 115 c¢/m/y Pu

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

by the plutonium samples and in regard to the amount of isotope 24,0 in them, when
combined with the specific activity data, show that the variation of the specifie
ectivity is propartional to the amcunt of plutonium present in the uranium slug,
to the amount of irrsdiation the uranium slug received, and to the amount of isc-
tope 240 present in the pliutonium. The accompanying figures illustrate these re-
lations. There are two figures of specific activity versus Pu?ho content, the one

on the coarser scele extrapoleting the specific activity to higher values of Puaho

3) The values have been rovised somewhat since they appeared in LAMS-293, but they
are the results of the seme experiments. The new valydsiate abbui$® G157 higher
than the o0ld, S °t T et s o
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content than have yet been incurred, and the one on the finer scale being used to
calculate the specific activities of isotopes 239 and 240, The Pueho concentrations

were obtained from LAMS-203.

Irradiation received in ¢ PudiOf pu
Grams Pu per metric megawatt days per short and probable
Material ton U in slug ton error
22L-7X * * 0.00063 x 0,00006
Lw L2 * 0,003l *0,0002
798 203 9, 0.0133 + 0,0006
1178=120H 215 20l 0.0157 * 0.0006

*The valuos for these points on the graphs were calculated using the conversion
factors given below.

Conversion factorss

from xPua*o/x Pu to grams Pu/metric ton Us 1.4k x 10l

from xPuaL*o/x Pu to megawatt days/short ton: 1.36 x 10l
These conversion factors were celculated from the irradiation data and the Pu 2ho
enalysis on lots €0H, 79H, 9OH, 110H, 117H-120H, 130H, 150H, 170H.

Fron Fig. 2 it may be seen that the specific setivity of Pu239 is 69,340
c/m/y. Assuming & 51% geometry for the chamber, the specific alpha activity of
Pu239 is 1,36 x 102 disintegrations per minute per microgram. Thne half life of
Pu239 is then 24,600 years with an estimated probable error of 2%, arising mainly
from the uncertainty of the geometry of the chamber.

At a Puzl‘o concentration of 1% the specifioc alvpha activity of Pu is 71,770
c/m/¥. Therefore,

71,770 = (69,3L0)(0.59) = 3,120 o/mfy Fu

arise from substarces other then Puf39 at this isotopicgeazmoai +J.opo...Pe.r'lman and

Seahorg L) say that 13% of this ircreass in the specif:.c &c,f,*nm ,n K qe %0 minute
Ii) Perlman and Seeborg, MUC=GTS=1872, July 28, 1¢h5.
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anounts of Pu238° Assuming that the remainder of the increase is due to Puahoa if
the gecmetry of the chamber is 51%, its specific alphe sctivity is 5.33 x 107 dise
integrations per minute per microgram and its half life is 6,260 years with an es-

timsted probable error of 10%.

Probable errors: The probable errors of the specific alpha activities in recorded

counts per minute per microgram were calculated from the statistical error of the
counting and the probable errors of the variocus other measurements. The probable
error of the volume of an aliquot was obtained from the pipet calibration data.

The probable errors of the concentrations of the initial nitrate solutions were ob-
tained from the assay (gravimetric oxide, chemical titretion, weight of metal) data.
The probabls error of the.volume to which the aliquots wers diluted was estimated on
semi-quantitative basis. A generous estimate here still gave a negligible contri-
bution to the total error.

The probable error on the size of an aliquot wvas 0.028% (result of three
doterminations). The probable error on the volume to which the aliquots were di-
luted arose from the expansion of the solution after dilution. It was estimated to
be 0.025%.

The probable errors on the various assays (and the number of determinations

in each ocase in parentheses) followss

Material Gravimetric Oxide Chomical Titration Motal

22)4-=7X 00061% (3) o © & s O ¢ o & & o
Lw 0.145% (3)
75H 0.187Z (L) . 0.027% (3) 0.03% (*)
117H=-120H 0.033% (5) 0.017% (5) 0.02% (=)

*These probable errors were estimated from the various 9?&&10&&.&2&1386& run on the
nitrate solution of the plutonium. There were not Log:3 bodtd on P23-74 "and LW as

one reosult in each case uas incompatible with the-—reslhithéd uibvte s’

[~ i
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The largest coniributor to the probable error of the specific activity in
recorded counts per minute per microgram was the counting data. The following 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 wero not slways nine cover glasses, since accidents occasionally be-
fell them, and soms were so far out of line that their inclusion in the counting

data would be obviously frllazious.

Material Probable counting Numbser of Total counts -
srror cover glasses per cover glass
227X 0.147% 6 0.3 x 106
L 0.119% 8 0.2 x 10°
79H 0.10L% 8 1.0 x 108
117H-120H 0.155% 9 1.5 x 106

Comparison of radioassays with chemical titration asssays: As a check on the

specific activity values, it was hoped to show that a number of redio assays on
samples that had received known amounts or Airradietion egreed with the chemical
titrations of those samples. However, the data on L0 samples show thet the radio-
assays average about 0.7% lower than the chemical titratiens. This discrepancy
could be explained by a consistent faulty calibration of the radiocassay group's
pipets. An investigation of five pipets indicated that they scemed to be ratsd
0.25% too high on the average. If this is apprqféggtely the average disorepancy

“
-

. AT e
of the ocalibration, a correction on~THé rddicassays woyis srsliesebhen avorage out
e e [ [

about 0,1% below the chemical titrations. et et




APPROVED FOR PUBLI C RELEASE

) e 2 N
o8 eed oo :




