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CHAPTER T
INTRODUCTION AND STATEMENT OF THY PROBLEM

One of the essentiel dutles of the State of
Galifornia Department of Civil Defense In times of nucleax
weapon attack will be radicloglesl monitoring. The workers
in the fleld will operate from a moblle leboratory txuck,
equlpped with radlation counters and meters, but contain-
Ing only the simplest of chemical equipment, One of thely
main problems will be the determination of the total amount
of radioactive materxial, especially fallout of fission
products, in a water sample. As yet no maethod of analysils
both slwmple end rapid enough for application to moblle
operation has been developed,

It was the purpose of this research to develop and
refine a simple, rapid, quantitative procedure for the
detectlon and estimation of ths totsl amount of radlo-
active material contalned In & water sample, using only
readily aveilable and preferably lnexpensive apparatug.
However, no attempt has been made to elthexr qualitatively
or quantlitatively determine any of the possible individual

constituents,



CHAPTER IX
REVIEW OF THE LITERATURE

Mueh has been wrltten in regard to analysis of
fission products, their separation, relative proportions,
aagtivities, and occurrence; and several Investigators have
applied ion exchange principles to their own particular
problems, However, only a brilef summary of the work done
on those problems most closely related to the one at hand

will be given here,

I. ANALYSIS AND SEPARATION QF FISSION PRODUCTS—w
ION EXCHANGE

Piocneer work on the absorption of metal lons on an
exchange resin as a meansg of sepvarating fisslion-produced
isotopes was done by Tompking, Khym, and Cohn (J, Am,

Chem, Soc, 1947) who found the following relatlve strengths
of absorption on & catlon resin: Thirla»Ce»Rare Farths »
Y>Ba»Cs>Crelyllipi, They also discuss the advanteges of
column over bateh operations on both practical and chemlecal
principles, A table 1s given showing the major fission
prodacts coexisting in uranium asbout cne month from the

end of a several month exposure in & chain reacting plle,

More work on this problem has been done. by Kaetelle and
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Boyd (J. Am, Chem. Soe, 1961). The methed has undergone
conslderable refinements, and more recent papers (Brown
and Rieman, 1952; Wheelwright and Spedding, 19535: Freiling
and Bunney, 1954) have ¢laborated on techniques, Finally,
bDowning, Wheatland and Hden (J, Inst., Water Engrs., 1953)
showad that lon exchange removed ovey 97 per cent of radlo-
active contamlnants--a higher percentage than any other

process,

I1, AWALYSIS AND SEPARATION OF FISSION PRODUCTS
BY METHODS OTHER THAN ION HXCHANGE

A method for the assgay of beta sctivity by evapora-
ting large watér samples to dryness and counting the
residue (Whalar; Kaufman, and bllassen, 1958) has been
developed which will detect and estimate I'°%, p°°, anad
5°° in concentrations of the order of 107 uC (micro curies)
per sample, This method suffers primarily from the
standpoint of the length of tims required to evaporate as
much as & gallon of water without spattering or spillags.

Lagy (Water and Sewage Vorks, 1965) describes a
nethod wheyeby fission products are separated from solu-
tion by coagulation of farric chloride with limestona,

It is reported that the removal of fission products

containing barium, cerium, cesiuwm, ruthenlum, end strontium



was in the range of 5l--59 per cent. Thils method is

herdly feasible for quentitative detexmination., Lauderdale
(Tech, Inform, Sexvice, 1958) describes a method employing
Cat0,, Ca(OH), and GO, which is repoxted to remove up to
99.9 per cent of styontium, No data for other lons axe
listed.

Applylng specifically to the problem of analysis of
watay fox fallcut from nucleay sexploesionsg, Hahn, Straub,
and Conrad (J., Am, Water Works Assn., 19565) have desecxibed
in detall the results of a survey of several analytical
methods., They also attempted evaporative procedures and
abandoned the mathod for the same reasons already listed.
A method using lon exchange resin is described in which ten
liters of Oak Rldge tap water containing twenty milligrems
of sx'™ carrier and £1°°- Y°° tracer were passed through &
column at a rate of two milliliters per minute., The
colunn was eluted with 300 milliliters of 2,5 M HOL at the
seme rate, and the eluate evaporated. The method was
deemad lmpractical for the following reasons:

1. A period of several days is requived foxr the
absorption and elution of the activity.

. The eluted solution must be concentrated by

avaporation,
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3. Interfexing lons are concentrated as well as the
deslived radioactive materilals,

The authors proceed to descrlibe & method based on
directly precipliteting the fission products as the oxalate
oxr carbonate,

A comprehensive 1list of apparatus including lon
chambers, elesctroscopes, lnbternal proportional counters
and continuous monitoring equipment, all sultable for use
In radlologlcal monitoring, together with & good descrip=-
tion of each, how each operates, the manufacturers and

cuxrent prices, is given In a Task CGroup Report to ths

deuxnal of the Amexican Watexr Works, 1956.
III., JICN UXCHANGE RESINS, PROPERTIES, AND USES

Two exeellent Books covering ion exchange principles
end uses in analyslis have recently eppeared (Kunin and
lyars, 1960; csmuslson, 19563) In addition to several
excellent reviews of the literature (Anal. Chem., 1950,
1951, 19562, 1954, 19%6) including theory, practices, and
history of ion sxchange. lspecielly noteworthy ls the
parer of Bauman and Eichhorn (J. Am. Chem, Soc., 1947)
covering the propertiss of Dowex-50, the reslin used in a8ll

work contalned in this thesis,.



CHAPTER IIX
EXPERIMENTAL PROCEDURE
1, PREPARATION OF THE RESIN

Hegthod L. One-half pound of Dowex~-80 resin was
placed in & column 1 m, long and 5 em dlamater {uid ba.gk-
washed with tap water untll approximately one-fourth of
the resin (the flner particles) hed beén washed over the
top of the column. This removal of the fine parcicles
helps reduce close packlng in the resin column end incrsiass
flow yate, In addition to eliminating the dilscharge of the
fines durlng analysls which would result in reduced
recovery. The resin was then allowed to settle end & 1 of
1 14 Ne, 80, was passed through the column under a posltive
pressure of § psi to fully convert the resin to the sodium
form, The Na,80, was followed by 8 1 of 6 M HCGL "o converd
the resin back to the hydrogen form, and the resin was then
washed with distilled water untll the wash water showed no
chloride upon treatment with silver nitrate solution., Tue
hundred mls of acetone were passed through the column to
remove the water, and followad by dry aly for one minute,
The resin was then removed from the column and stored In a

stoppered glass bottle,.
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Vathod Il. Ons-fourth pound of resin was converted
to the sodium fo;m by stirring with 1L M Na_g§ ,» convexted
back to the hydrogen form with 6 M HCl, and washed with
distilled watexr untll chloxide free. 'The resin was then
washed with 100 ml of acetone to remove water, flltexed
with suction, and stored in a glass bobttle, During thé
process of c¢ycling and washing the resin, only enough
time was allowed foxr the heavier resln partlicles to settle
before the supernatent solutlon and fine resin partlcles
were removed, 4y the time the resin was washed with
agetone, practleally all the resin particles settled in ten
seeonds .

Both methods of resin treatment have been uvsed by
othar workers In the past and seem to glve the same satlis-
factory results, In the rest of thils papsr no distinetion
will be made between experimenits on the basis cf methed of

rasin classification used,
JX, DETERMINATION OF PER CENT ASH IN RESIN

Varying amounts of unclasslified resin, l.g., @8
received from the manufacturer, vwere weighed into 25 ml
poioelain ¢rucibles and heated over a leker burner for
thirty minutes, ccoled, weighed, and refired untll successlve

heatings resulted in less than ons mg loss in welght, It



was found that for a resin welght of ten grams approxi-
mately forty-five minutes heating period was sufficient,

The resin welghts and per cent ash are glven in Teble 1,1

I1I, EXPERIMENTS WITH STRONTIUM NITRATE SOLUTION

A 0,05 M solution of &x(NO, ), was made up by dlssole
ving 10,583 grams of Sx(NO,), (anhydrous) In & one liter
volumetrlie flask, Thirty milliliters of this solution
contained 0,33 g of strontium nitrate or 137 mg of Sxtt .

Ihe apparatus for the preparstion of ths column 1s
pletured in Figure 1.'53 To £111 the column & plug of
gurgleal cotton is placed in the column at A, and the
column connected with rxrubbexr tublng to the overflow tube B,
The column 1s filled with distllled watex through the
separatory funnel ¢ until water flows from the overflow
tube, The resin ig then slurried with distilled waterx,
poured Into the funnel and allowsed to settle under its own
veignt, displaeing water through the overflow, Note that
the bend of the overflow tube is high enough to kesp a

layer of watser over the resin at all times, After all the

lyables I through IX, see Appendix, pagas 26-36,

gFigura ) through 5, see Appendlx, pages 37-41
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resin has settled Into the column, the separatory funnel
1s removed and replaced by a 1 1 filter flask (Figure 2).
The strontlum sclubion, containing 30 ml of the strontium
nitrate stock solution In 500 ml of dlstilled water, is
placed In the flask, the stopper wired down, and & positive
five psl of aly pressnars applled through the flask slde
arm, D, Just as the first bnbbles begin to appear in the
ﬂeli&ery tube L, the pressurs 1s ralleved, and by means of
a curved-sten funnsl 200 ml of acetone axe introduced into
the flask and the procedurs repaated; this time, howevar;
ellowing ell the 1liquid to run through the column and
following it with & stream of aly for about a minute,
| Since the concentration of the gtrontium solutlion was
137 mg of'" in 500 ml of water, or 2.7 X 167" grams pey
ml, and approximately 20 ml remalned in the flagk when
diluted with 200 ml of water, tha concantration after
diluting is then 2,7 % ltr5 grams SY'* per ml end similavly
100 mt of acetons dllutes this by a factor of H:il. The
final concentration of the 10 ml of solution remalining is
then 0.6 % 10~ grams 81" per ml, This is a total amount
of Sx** equal to B x 10" grams of Srtt which constitutes
a negligible loss,
Aftexr pessing the acetone and aly through the

column, the resin and the cotton plug are extruded directly
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Into a tared crueible by pushing the plug from the bottom
with & stivring rod. Come care is required in selecting
the slze for the plug. If the plug is too large 1t will
retaxd the flow yate, If too sumell, much resin will be
lost through adhexing to the colunn walls durlng removal,
It was found that a plug from 0,L-0,8 grams was sultable,
the agh content of such & plug belng negligible.

The ashing of the resin ls accomplished by first
lgniting the acetone-wet resin, allouwlng 1t to burn
guletly until 1t extingulshes itself, The cruceible 1s then
heated gently at {irgt, finally being brought up to a red
heat and kept there for at least tuenty minutes., The
crucible is cooled and weighed,

A control column is run along with the analysls in
exactly the same menner but with no Sx*t solution, The
welght of ths control ash is subtracted from the weight of
the analysis ash;eﬂﬂ since the resin 1s a sulfonated
polystyrene, ash is in the form of strontiumn sulfate, and
the dlfferencs is expressed as grams of strontium. The

results are listed in Teble 1I.
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IV, FPROCEDURES USING Th(No, ),

Golumn Xrocess

Since the reproductibility of analyses uwlith strone
tiam was good, but however the per cent recovery was low,
it was felt that better techniques were requlyed to lmprove

R o 252
the recovery. Slnce Th

» the natural element, dupllcates

clogsely ths chemistry of the fission products, and sinece it

can be astimated quantitatively by its natural radiocactivity,

it vas declded to make use of a Th(NO, ) solution for further

vwork Iln a dexr to eliminate the tedlous gravametric proceduras.
A solution containing 10,3 g of anhydrous Th(NOB)4

was made up in a 600 m1 volumetrlc flash, Slnce the

resin when wetted with acsetone might present a dlfficulty

in weighing accurately, & portion vas allowed to alrx dxry

over night and one column was mede with this dried resin

ond another with the aceton@-get rasin, Usling 19 ml of

the Th(NQs )« solution the procedure was cxactly that

described for strontium, In additlion, a sample contalning

15 1 (153 mg Tatt*t) of the Th*+t**+ solutlon was carefuliy

evaporated in a c¢rucible at nevex moxe than &60°C and the

vradiosctivities of all threse were measured using an end

window Geiger-Muller tube and a Berkeley Decimel Scalex.

The results are glven in Table III,
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Bateh Progess

Several detarminations were made in which a batch
process Instead of a column method wasg smployaed, The
procedure was to plpette 15 wl (183 mg Ta'**") of the
Th(lN0, ), solution into a 125 ml Hrlenmeyer, dilute with
100 ml distilled water and add 6 g of unclassified resin
welghed on a platform balance. The mixture was stirred
by & nagnetic stlrrer for at least filfteen minutes and the
resln filtered ocut, washed with 25 ml of acetone, and
alloved to dry for sbout one minute, The filtexr paper was

carafully wrapped around the resin and the whole ashed as

bafore, In addition, the flltrates were carefully evapora
ted in an oven at 80°C, weshed into & crucible identical
with those used for ashlng, evaporated to dryness and the
radlation counted, A blank was run with no thor (filtrate
noy evaporated); 15 ml of the thoxium nitrate solution vas
avaporeted and counted as before, The results are glven
in Table IV,

To detexmine the effect of high dllution on
recovery, a 15 ml Th'**" semple was dlluted to 4 1 and run
exactly as the other batch processes. A similar amount of
Th(NO, ), waes run in 4 1 of distlilled watexr conteining
500 ppm (2 g) of NaCl, A portion of the flltrate from this

run was evaporated to dryness and counted. (lTeble IV)
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bstination of the amount of self absorption in
Th(Ng ) * 128 § 0, Since evaporated samples of ThNO, ),

solutions consistantly count appraciably lowex than slme
ilax samples recovered by lon exchangs, and further since
the resin shows no activity by itself (Tables III and

IV) the low counts on evapoxated samples can be ascribed
only to self absorption of the alpha rays by water of
crystalllzation in the thorium nitrats. From aqueocus
solutlon thorium nitrate crystalllizes as Th(NOs)s+ 18 H20,
thle was not reslized when Tables III and IV were prepared,
In order to detexmine & factor for correcting the activity
of a Th(NO,),* 12 H,0 sample to the actlivity of an enhydrous
Th(80, )presidue such as derived from column oy batch
operations, three samples of 15 ml of Th(NO,), solution
were evaporated in the oven at 80°C and counted, These
ware then heated over a Msker burner for ten mlnutes

(with evolubtion of H20 and NO=) and allowed to cool, Five
drops of concenbtratad H,E0, were thén added, the sauples
caré?ully gvaporated to dryness and countsd again, The

results appear in Table V.

Determination of effect of inactlve salts in water

sanpleg. Slnce the previous experiments led to encouraging
results, 1t was decided to attempt to apply the procedure

to solutions contalnlng & high percentage of dissolved
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gsollds (such as NaGl)., Thils condition will oceur in most

domegtie water supplies and will be expeeted to necessitate
both the use of larger amounts of resin and result in a
reduction of apparent activity due to self absoxption
losses., ' |

To determine the amount of resin necessary for
absorption of all the thorxium from a sample containing
other dissolved solids, solutlons containing 153 mg of
Th***+ and 2 g (600 ppm) of NaGl were made up in 4 1 of
distilled water. These solutions were passad through
columng containlng 1, 2, 4, 6, and 16 grars of resin,
respaectively, a fifth solutlon was directly evaporated to
diyness and all yesidues were counted, 1t was found that
the deployment of the xesldue in the crucible had no eifect
on the counting rate, The results are given in Table VI
and plotted in Figure 3.

The extent of self absorption of radiation by forelgn
salts in a sample was detexrmined by employlng solutions
containing 153 mg of THt** and verilous concentrations of
NaGl, representing a range of water hardness such as may
be encountered in domestlic water supplies, A 30 pex cent
solution of NaCl was prepared and quantities from one %o
ten mls wuwere plpetted into crucibles ldential to those
used for ashing, WNext, 153 mg of Th'"" was added
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(as 16 ml of Th(NO, ), solubtion) and the volume in all
crucibles made np to 256 ml with distilled watex. Uach ml
of the 30 per cent NaCl solution contained & welght of salt
equal to the vwelght of sodium chlcride contalned in a 4 1
sample of 75 ppm dlissolved solids expressed as NaCl. The
contents of each cruclble were evaporated to dryness, lgnited
over a bMekex burner untll all obvious resaction ceased,
cooled and counted. Results are given In Table VII and in

Figure 4,
Ve BAPERIMENTS WITH FISSION PRODUCTS

The fission products were obtained from the chain
reacting pile at Oak Ridge, Tennessee, and contained
0,01L00£5 per cent me/ml of mixed fission products as nitrates
in a nitric acld solution of volume O.,L ml, Total solids
were QQotuu by the A, B, C. 28 21 mg/ml and non volatile
materials as 2L mg/ml, They were further degcribed as
"mized flssion products from heavy metal lyradiations less
than forty-five days old." Tabls VIII gives the expected

fission productg, thely half lives and types of radiatlon,

(Refexances on Table VIIL). The 0.1 ml of
fisslon products was made up to 100 ml in a velumetxle

flask, and from this flagk 10 ml aliquots vere taken and
further diluted to 100 ml to be used in the expsriments,
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10 ml of the figsion product solution (containing
approximately 200 counts/ml) were added to four liters of
distilled waterx, the solutlon run through a column contalne
ing 5 g of Dowex-B0 as bafore; and the resln ash counted,
One~half of the resuliing effluent was evaporated to dry-
nass aml counted, while the othexr 2 1 portion was run
threugh & second column containing 5 g of Dowex-50, and
the ash from thls second resin colunn was counted, Flnally,
a bateh process was run using 10 ml of fission products in
4 1 of distilled water and stivrred for at least fiflteen
minutes before filtering and ashing. The resulls are

civen In Table IX.



CHAPTER IV
METHODE OF CALCULATICONS AND DISCUSSION OF RESULIS
1. METHODS OF CALCULATIONS

Method of caleulating the stendaxd deviation,

Standaxd deviations on countlng rates are calculated by

the equation d = J—H-, where N is the totval numbexr of counts,
The following formulae have olsco been used for calculating
the standard deviations on the somg, differences, and

guotlents ol counting rates:

S!lms: d-s : qu+ﬁz+ocll

whera is the standard deviation of the sum of the counte

ing rates whose deviations are 07, Oaatc,

Differances: 0L = /a.;a.+ o_,.‘x.

whazre is the gtandaxd deviation on the diffexence of the
counting rates whose deviations arxe 07 and O .

Juotlents:

If the divisor does not have & standard deviation
on it, the dividend and 1ts standard devliatlon are both

divided separately. Fox exsmple!

N+o _ N + O

3 T -+
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If the divisor also has a standard deviation, the
expression for ths standard deviation on the quotient

Lbecomes+

whexre Og is the standard deviation on the quotient, Q, and
0; and opare the standard deviations on counting rates
R, amd R, respectively,

It should be pointed out that in ell tables the
standard deviation has been caloulated by the above forme
nlae end are therefore standard deviations dus only to the
randomness of radioactive dlsintegration., In no way do
they represent standard deviations on analytical techni-
ques, varlations in counter jeometry or voltages, or any
othex factois within the contxol of the expsyimenter., Since
these sourcas of erxor cannot be shown to he negligible,
it must be clearly understood that all standard deviations
represent a minimum yather than a truve measure of expeyle
mental erxor,

Calculations of the absorption factor for Th(NO,), e
12,0 from the data in Table V are given at the bottom of
the table,

Par cent self absorption given in Table VII was
calculated by dividing the activities of the various

residues containing sodlum chloxlde by the activity of the
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evaporated solution containing no sodium chloride and

maltiplying by 100,
IT. DISCUSSION OF RESULTS

It is Interesting to note that more or less complete
conversion of strontium to the sulfate fom by the resin
was accomplished, If this method wexe to be applied to
other lons probably a few drops of sulfuric acid should
also be added when ignitlon is almost complete to ensure
complete convexsion of the lon to the sulfate form, The
81 per cent recovery vwas somewhat low as lon exchange
processes go, but in the series for abgoypitlion of varlous
lons in resinsg given earlier in this paper, strontium is
near the weaker end of the series. #Aslo, Haha, Straub,
and Conrad (J, Am, Water Works Assn., 1955) found only an
80 pex cent recovery of strontium by an lon exchange procaess
from an Cak Ridge tap water solution they had prepsrsd
containing 20 mg of Syr'*t carriexr and sr - Y tracer.
They eluted the column with HCL and precipitated strontium
as the oxalate, They attributed the loss to calclum con-
taminetion of the finsl. strontivm oxalate precipltate,
rather than actual loss due to incomplete removal by the
resin, Since the sample was run in distllled water, the

experiments described in this paper seem rather to Indicate
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that strontium does not absorb completely on an lon
axchangs reslin, |

Since thorium is o weak alpha emitter (e¢— 4,80 mnev),
sexrious self absorption effects were expscted, That these
effects were found can be seen by the abgorption of 30 per
cent of the activity by water of crystallization in the
thorium nitrate os compared to the anhydrous thorium
sulfate, #s might be expected, foreign salts in the
sample were found to lncresse sell absorptlon to & high
degree, and the plot of Flgurxe 4 shows that absorption
ayparently follows exponential curves, with residual
actlivity balng dﬁa to beta end gsmma radiation from
thorium davghter products such as Rafzf Aezaa, and M°"°,

A combination of Flgures 3 and 4 yields a three
dimenslional, plot, Flgure 6, with coordinates of activity;
welght of resin and parts per milllon dissolved sollds,
Date are not sufficlenc to Gyaw the complete graph, suffic-
ing howevsr for one complete curve end one point on each
of the other flve curves, The dotted lines Indicate the
probable confligurations of these curvaes.

Table IX reveels the presence of & problem with the
actual fission products that was not encountered in the
preliminary experiments uwith thorium, Ths total activity
present In the 4 1 sampls treated by the column method



was 1913214 counts per minute, Of this amount, 1020210
counts per minute were removed by the rasin column the
first time, Multiplying the activity of one~helf the
affluent by two glves & total activity remeining in the
effluent of 728412 counts per minute, The sum of these
two glves 1740216 counts pey minute, which subtracted from
1913214 leaves 16522 counts per minute still to bs
accomted forx, It is thought that thils activity is due
to gelfl sbsoxption In elther the effluent resldus, ox
more probably, by the resin ash from the column operation,
Bven so the faet remains that the resin column only
renoves about oneg-half the total activity even when run
with distilled water, Of the 7282)2 counts remalning in
the affluent, only 12828 can be removed by treating with
vasin a second time, Indlecating that the material must be
in some foxm ohher than cationic. This form may well be
~eolloldal and perhaps conld be removed by passing the sample
down 8 column containing both resin and actlvated chaxcoal,
An alternative explanatioh is that the material is anionie
and could bhe efficlently plcked up by using a mixed bed
column (i.g¢., one composed of both anion and cation ex-
change reéims).

Absorption of the radlation by ths presence of
forelgn long ag would be encountered in tap water might

well be reduced by precipitating these lons., Calclum and



magnesium would be expseted to be the most troublesoms
lons, but experience has shown that treating a tap water
sample with a little sodium carbonate solution will, on -
standing, produce & preclpitate of mugnesium carbonate and
calcium ca rbonate, The preclpitate is colloldel in naturs
and will pass through ordinary coarse filter paper and at
leust paxtially through & cation resin column as well, thus
gliminating & laxrge quentity of interfering lons. 0Of course,
sodlum carbonate could not be used ag the sodlum would
contaminate the resin and nething would be galned. However,
if sumonium carbonate wexe émployed, sufficlent resin could
be used to abgorb all lons, and during ashing the ammonium
salts would be volatilized,

Time linitations required that the xesearch bs ter-
minated at this point, however the author belleves that
the proeedure s an lmprovement cver the evaporative mathod,
and perhaps the suggestions mede above will in time lead to
reflnements of thils procedure by reducling self absorption
of the activity and lmproving recovery hy the rasin,
resulting in 2 2611l more rapid and accurate method fox

estimation of radloactlivity in public water supplias,
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TABLE I
ASH CGONTENT OF UNCLASSIFLED DOWEX-50 ION BXCHANGE RESIN

Welght of Resin Welght of Ash Par cent

in Grams in Grams Agh
1.08 0,001 0.09
1.81 0,003 0,17
7.99 0.009 0,11
9.37 0,010 | 0.11

14,11 0,017 0,12

Averaga 0.12
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TABLE IX

RECOVERY OF STRONTIUM BY DOWEX-50 COLUMN PROCEDURE

Resin Wt, Ut, Wt. of 8r Wt, of Sy Per cent

Sample  Ut, Ash  Sxs0, Recovered Introduced Hecovexry
GControl

I 7.294 0,016
Anal, I 17.998 0,243 0,227 C.109 0,137 79.5
Control

33 6,000 0,010
Anal.

Ii 6,000 0,246 0,236 0.,115. 0,137 81,0

e S — s



TABLE 11X

RECOVERY OF THORIUM BYDOWEX-50; COLUMN PROCEDURE

Lample comd o
Sample background Net cpm
Dry HResin
golumn
(3.06 g) 1217111 A0, 320,568 1187 +11
Acetone-vigh
Resin
column
(6,00 g) 11687+ 11 20,3 0,58 1167 211
Fvaporatead aB0 #10 30,32 0,88 920+ 10
{corrected
to
1200+ 1.3 )%

A ooy e et koS . ke e

%Facto:c ':mm Table V.

- mbde a



TABLE IV

RECOVERY OF THORIUM BY DOWEX-50; BATCH PROCEDURE,
5¢ UNCLASSIFIED RESIN

Semple cpm:t-g
Sample Background Net

I - 15% mg Ih

stirxred 1470212 49,913 1420418
II - 153 mg Th
stirred 1504412 81 423 1423412
5 g resin
no h 46,522 48,541 .7
Filtrets fyron
I 86,525 46,323 40,244 ,8
Filtrate from
Ir C6.523 | 46.515_ 50.224,3
1535 mg Th
stirred 4 L 1063210 38,128 1025210
183 mg Th
stirred in 4 L
500 ppm NaCl 61028 62,122 58646
sol'n containing
1863 mg Th-avap. 1110210 4625 1064411
(coxrectad
iox selfl
absorb.
1382214 )=

“Faotox from Table V.
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TABLE V
COMPARISON OF Th(NO,), « 12 H,0 &ND Th(s0,), ACTIVITIES

e e e 3 v
Sample comzg .

Sample Background Net it
I - 215 ml Th
soltn. conteining
163 mg Th evap, 1066210 23,121 .8 1053211 1

IT = 15 ml Th
sol'n., contalning
153 mg Th evap, 1072210 43,722,1 1026411 2

111 - 15 ml Ta
sol'n. containing
153 mg Th evap, 1092210 49,638,858 1043211 3

I converted to
sulfate 1417213 33.121.8 1364212 la

II convarted to
sulfate 1319412 43, 7¢5,1 1347415 2a

I11 convexrted to
sulfate 1426412 49 ,823,2 1376212 3a

la/1 -« 1,320,02
2a/6 == 1,520,028
3a/3 -« 1,320,02

|




TABLE VI
REGOVERY OF THORIUM FROM 4 1 OF WATER CONTAINING
500 ppm SODIUM CHLORIDE
T e

Sample .cpnt o
Sample Background Net

Ashh from 1 grem

Ash Trom 2 grams

rasin 3024+3,1 6541 23743,8
Ash from 4 grams

regin 42146 6241 34147
Agh from & gyams

rasin BaTEE 6217 53048
Ash from 16 grams

¥as8in 64528 62£1 BEB22E

Bvaporated sample 45026 8422 - 36626

= B R T Suus— —_— - -
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TABLE VII
EFFECT OF WATER HARDNESE ON RECOVERY CF THORIUM ACTIVITY

ppm sodiwm comt @ % Self-
ehloride Sample Background et abscxp.
0 121.021.0 5%e3 244 1167211 0
75 87129 6425 806210 50,021
160 75629 464 69929 39,671
235 658248 A324 60929 47,541
300 06028 48624 51246 505,641
3795 56328 4743 50628 56,121
450 85627 414 49528 57.8¢1
B&b 50725 4623 45946 60,341
600 50246 4434 ABE28 60,441
675 48427 4543 435948 68,081

750 46027 4225 48748 63,041

R gt e S R TGRS AR AT SRS LA S o
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TABLE VIIX

HAZARDOUS URANIUM FISSION PRODUCTS

== Sl S e e - e s o4
Filsslon Product Half Lype of Radiation and bnexgy
Life
86 ‘ ﬁ; REEES
Sr 84 da B 1.50 no
(s}
574 E"1.5% nog
Ze " 654 570,394, 1,05 7 0.73, 0.98%
Nb° T (op°°) 90h IT 0,24; 670,83, 0.24
8
aa o ° 1,0y B~ 0,03; noy
108
ith 30 8 BT3,55, 2,30; 40,61, 0,73, 1,25
;e &d B 0,605, 0,718; e 0,080; 70,363,
0,638, 0,283
el ®7 3% y B 0,550
Ba'®” 2, 6m IT 0.663;80,663; @ 0,686, 0,657
Ba'4© 12,84 B 1,08, 0.547;770.54; & 0,50
I,lﬁilt;o 40h. H-lg4"0l9. 8\,‘1!!2;73-.64. 0085’
0,49, 2.4, 0,335
l4aa
Ce 275d B 0.348; @70,075, 0,12; no
privie %% 17.5m B 3,07; 0,091, 0,188, 0,103%;
20,136, 0,1457, 1.26
B3 e e i e e s e L -

*En“igﬁ in million electron wolts,

sisn 144 131

A1l products except Py ** and possibly I are un-
doubtedly present In the mixed filssion products as vecelved
from the A, . C,

EFpom Hahn, Straub, and Conrad (1965), cad IFriedlander
and Kennedy (19499,

NOTE: Il--Isomeric transition
g==Iintarnal converslon clsctrons

ey B T - o)



TABLE IX
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RECOVERY OF URANIUM FISSION PRODUCTS WITH DOWEX-50

s e i

i

e

Sample

cpmt g

Sample

Background

Net

A - 10 ml mixed
fission products
solution dlrectly
evaporated

B - 10 ml mixed

fission products
golution in 4 L
distilled water
Golumn procsedure

G = } ¢ fluant from
IQBH evap i

D - } effluent from
B treated with 5 g
resin in column

E - 10 ml mixed fisslon
products solution in
4 L distilled water
bateh procedure

196314

1074210

41146

11123

136£9

- 6023

5412

AT22

4842

5322

1915414

1020210

36416

654

66589

S R T S R SR A L R
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