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ABSTRACT

1. Reactor Fuels

Basic Reaearch

In the comparison of the hydrolytlc behavior of plutonium with
that of the other heavy elements, it has been found that uranium(IV) forms
a polymer similar to that of" plut,om.um(IV) in its absorption spectrum, and
that it is formed under similar conditions of pH and concentration.
Further studies have confirmed that neptunium(V) exists in both acid and .
neutral solutions as NpOs* and that hydrolysis occurs only in alkaline
solutions. To extend the comparison of hydrolytic behavior further, new
studies of the hydrolysis of cerium(IV) are under way. The self-reduction
of Pu(VI) studied previously in nitrate solution has been studied in per-
chlorate solution. The rate appears to be linear with concentration, and
to be somewhat lower than that in nitrate solution.

Two samples of uranium 234 weighing 0.18 and 0.44 micrograms have
been prepared and are ready for irradiation at Hanford to determine the
neutron cross-sgections, C

Work has been started during this quarter on the applicction of
ion~exchange separations to the heavy elements. It appears that it may be
possible to concentrate protoactinium from HF-H2SQ), extracts of ores by
‘adsorption on Dowex-50 resin. Experiments on the separat:.on of proto-
actinium from thorium show that the separation factor is greater than 1000
in alkaline (pH = 12) solutions of citrate, oxalate, tartrate, carbomate,
fluoride and pyrophosphate, and that it is less than 0.001 in 1 molar HF,
with Pa being preferentially adsorbed in the first case and desorbed in
the second. Using alkaline fluoride solution it appears to be possible to
separate Zr from Cb Ta, Th, U(IV) and Pu(IV), and with 0.5 M HF to separate
Zr, Cb and Pa from Tho

Process Research

In the process for recovering uraniym from the heterogeneous pile
" a beta decontamination factor greater than 10° has been obtained in a single
© cycle, The improvement seems to be due to the introduction of MnOj as a
scavenger, to the use of higher pH (1.5-1.8) and reducing conditions, and
to the complexing of ruthenium with s-dipheniylthiourea. A scheme has been
postulated to explam the anomalous distribution of Ru in the process, and
the behavior of Np. has been studied,

In the process for isolating U233 from t.horlum, the pllot plant
has been modified to provide standby production equipment for U233, studies
of column capacity and overall decontamination have been nade with the




modified appacatus. _The decontamination from P3233, 6 x 106, geems entirely
adequate, buz the fission product decontamination, 105, is short of the
factor of 10° which is required. There are indications that the necessary
improvement by a factor of 10 can be attained without major changes.

2, Radioisotopes

. Radiocactivity Mcasurements and Standards

A cobalt alloy is now available for monitoring samples intrcduced
into the pile. The monitor can be measured quite simply in the high pressure
gamma lonization chamber. The program on beta ray standards is going forward,
and a second comparison of different methods of measuring radioactive phos-
phorus has been completed. Use of a calibrated G counter gave a deviation
of 41.5%, use of the beta ray calorimeter in connection with the known
average energy gave a deviation of -0.6%, and two cowparisons with a Bureau
of Standards radium D~E standard gave deviations of ~1.8 and +0,6% from the
average of the three methods, 7.78 x 108 dis/sec. A comparison of methods
used at this Laboratory' for I}3l gave the following results: Beta counting
by the Production Group, 3.7 me/ml; measurement in calibrated ionization -
chamber, 3.45; and beta counting by calibrated GM counter, 3.43. The work
to date with the thin lens beta ray spectrometer has been summarized, and
results are presented for the following isotopes: ‘

znb5 czéi (180 d)

Csl3h (3 h) Celdd (275 d), Pribh (17.5 m)
Ccs13h (2 y) cubh  (12.8 h)

co0 (10.7 m) Eu

Cof0 (5 y) Rh106 .

Schb Xel35 (10 m)

Schbé (85 d) Xei3% (9.2 h)
Ri2l0 (5 d RaB) T35 (6.7 h)

P32 (1.3d) 1133 (22 n)
K2 (12.4 B)  Erd69 (9.4 * 0.2 d)
Pri42 (19.3 h) BTl (7.5 £ 0.2 h)

Production and Processing

Work has been begun on the removal of plutoniun from fission product
radioisotopes. In the first experiments it appears that plutonium can be
separated from cerium by eluting from resin columns with NaHCO3 or NayPy,
solutions., Decisions have been reached as to the best methods for preparing
certain isotopes in hiEh specific activity. For Cahd it has been decided to
irradiate enriched Cab4 at Hanford as soon as it is available and to use the
Sc (n,p) process only for immediste needs or for specific activities higher
than 250 me/pm Ca. It has likewise been decided to use enriched Fe58 for
producing Fe’? and discontinue the Co (n,p) reaction. The process for pro-.
ducing xenon for cross-section measurement seems to be approaching a final
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and suitable form. It is now possible-to obtain an overall yield of 60 to
65%. A method for its assay has been worked out and equipment for the full-
scale operation is nearly complete,

Apparatus

Some data are presented for the effectiveness of certain dense,
transparent liquids as radiation shields. Using a 2 foot thickness of
1liquid to shield a source emitting gamma rays of about 1 Mev and giving
about 50 to 70 mr/hr through water, it was found that 70% ZnClp solution
reduced the intensity to 1 to 7 mr/hr and that acetylene tetrabromide
reduced it to less than 1 mr/hrn

Use of C14 in Orpanic Chemistry ) s

. In the synthesis of organic compounds containing carbon 14 it has
been found possible to prepare methanol in 75% overall yield by the hydro-
genation of CO2 with lithium aluminum hydride in diethyl carbitol. It is
expected that this method will replace the high pressure hydrogenation at
present in use. A method for preparing sodium cyanate by the thermal
decmnposition of sodium urea in ylelds of 97% has been developedo

3. Supporting Research

Radiochemistry

o - In the field of radiocheaistry a number of new observat:.ons have
.been made. A gamma ray of 2.7 Mev has been fourd in 2.6 h ¥nS6 by counting
the photonsutrons produced by it in heavy water, Work with samples of
selenium enriched in SeT8 and 5680 confirm'that the 57 m Se activity should

be assigned to mass 8. Cyclotron irradiation of molybdenum enriched in

Mo97 confirms the previous assignment of mass 97 to the 90 d technetium
activity. Pile irradiation of enriched Mo samples have confirmed previous
assignments of the 67 h and 15 m activities to masses 99 and 101, respectively.
The half 1life of the long-lived technetium activity has been detemined to

be 9.4 x 10° y by measurement of its specific activity.

Radiation Chemistry

Work in radiation chemistry continues on the radiation decomposition
of pure water and of solutions. Simultansous experinents on purified water
as &8 liquid and as ice indicate that the material responsible for the erratic
behavior previously noted must be distributed throughout the water, since the
same erratic behavior is observed with the ice, in which case the walls of
the vessel could not be important, It has besn shown that aluainum is
inferior to glass as a container for such experiments, and other materials
are to be tried, The net decomposition of water is less at 110° C. than at
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room temperature, a fact which may be of importance in the case of high
temperature, high pressure homogensous piles. In the decomposition of
aqueous HpS0, it has been shown that a steady state pressure actually
exists by approaching this pressure from both sides.

Radiation Calorimetry o "

The gamus ray calorimeter previously described has been used in
an attempt to find the 65 Kev gamma ray reported to be emitted in the decay
. of Aul98 by using silver as a selective absorber for this radiation. An
increase in energy absorption of about 8% would be expected if such a
radiation were emitted in every disintegration, but. no increase greater
than 2% was observed, )

4, Technical Services to Clinton National Laboratoxy Research Groups

'

Diffraction and Microscopy

“Work in microscopy and in electron and X-ray diffraction continues
to be dofie for a number of groups in the Laboratory. Considerable effort was
. devoted during this period to studies of corrosion filme formed on aluminum
in heat transfer experiments., Considerable attention has been given to the
desig,n of a high temperature oven for use with the X~ray spectrometer,

Instmmenta %

In the field of mstmmts, studies have been made of the use of
proportional counters for detecting beta and gamna radiation because of their
many advantages over Geiger counters. Another type of alpha pulse analyser
has been proposed and studied far snough to show its feasibility. It ic
intended for use with samples of lowmer activity than can be handled on the

sweep type differential analyser previoualJ developed,

Analytical Chemlstrx

Service analytical work has been performed at a somewhat greater
rate than before. The control groups for the 1200 and 1300 areas seem now
to be adequate for the loads expected in the near future, The groups doing
general ionic analyses and analyses for the radioisotope production are at
present qu:.te understaffed for the amount of work demanded,
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Hydrolytic Beha#ior-of the Heavy Elements (r. Nelson, X. A, Kraus) = P.A. CX3~2

1., The hydrolysia of UM has been investigated as a function of con-
centration of U(IV). Analysis of the data has as yet not been completed.

2. Polymer of U(IV): Although as yet no systemetic study of the poly-
merization of U(IV) has been carried out, it can now bs stated that U(IV) forms
a polymer under very similar conditions as Pu(IV). Polymerization occurs in
general at low acidities and its rate is somewhat smaller for U(IV) than for
Pu(1V). 1In this connection it is of interest that polymerization of U(IV) has
been observed after prolonged standing at room temperature in 0.25 M HC1O
high U(IV) concentrations (e.g. 0.1 4)., Also some polymer is formed, as indi-
cated by the color of the solutions, during the reduction of UO%$ with zinc with
initial acid concentrations as high as 1 and 2 ¥ and final acid concentration
still ca 0.5 M, :

Polymsric solutions of U(IV) are colored intensely greenish-black, in
concentrated solutions they appear to be almost black. The polymer has a charac-
teristic spectrum reminiscent of that of polymeric Pu(IV) with high absorption
at short wave lengths as shown in Figure 1. The solution from which the polymer
spectrum was taken was prepared by permitting a 0.12 M U(IV) solution in 0.25 M
HC10, to age for 30 days at room temperature. It appears that after this time
polyﬂer1zation was not complete° ' "

If polymeric solutions of U(IV) are treated with sodium hydrOAide a
brownish-black precipitate forms, probably the hydroxide of the polymer. If the
solution also contains some unpolymerized U(IV), a light .reen precipitate
forms at slightly higher pH. This difference in the color of the hydroxide of
the polymer and of the (normal) hydroxide is much more striking than the corre- -
sponding differences in the case of Pu(IV),

Hydrolytic Behavior of Np(V){?)(F: Nelson, K. A, Kraus). PuAs @2,

' ‘ A few apectrophotometric measurementa have been made on the hydroly —
sis of Np(V), It was found that the spectrum of Np(V) near pH 4 is practically
indistinguishable from that in 0,1 M HCl even 1f the solution had prev1ously
been adjusted to pH 11. . ‘

After acidification of an alkaline (pH-11) supension of Np(V) the
985 mp band of Npo2 grows in with measurable spéed; which probably represents
the rate of dissolution of the precipitate and the rate of depolymerization.

(1) For earlier work see: Quarterly Report of the. Chemistry Division,
Yon N=370, September 2, 19h7, p°66

(2) Por previona work see: huarterly Report of the Chemiatry Division,
Mon N=311 June 24, 1947, p.63

4
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"ithin five minutes of acidification to pH 3.3 the pH rises to pH 4 and the
extinction coefficient of the most prominent band of Np(V) was within 95% of
its value for 0.1 ¥ BCl. On longer standing at pH 4 the spectrum is indis-
tinguishable from that in 0.1 M HC1,

These observations are in agreement with the conculsions reached
from the acid-base titrations of Np(V), that the same epecies (NpO%) exisets
both in acidic and neutral solutions of Np(V), hydrolysis occuring only in
wcak1y alkaline solutions,

The Interference of Chloride Ions inm the Analysis of U(IV) with Permanggnaten
7F, Nelzon, K, A, Kraus) P.A, CX3-2 o .

In the previous Quarterly Report (Mon N-=370, p.71) experiments were
reported which showed that during the titrations of U(IV) with permanhanate in
the presence of chloride ions high titres were obtained which indicated cata-
lytic action of U(IV) on the oxidation of C1” by MnO; . . It waz believed that
the catalytic interference is due to the fact that intermediate oxidation
state of maganese causes oxidation of chloride ions more rapidly than oxidation
of U(IV) to U(V) and U(VI), Under this assumption the catalytic effect is di-
rectly connected with the highly irreversible nature of the U(IV)-(V) couple
and possibly its moderately negative (ca -OuBV)potential

It would therefore be expected that the analagous interference which
has been reportad in the literatue for ferrous titrations would be less marked

since the Fe*® - Fe**® potential is highly reversible and since furthermore Fe*®
is a somewhat more powerful reducing agen than U(IV) with respect to u(v).

A number of permanganate titrations of ferrous solutions in the pre-
gence of chloride ions have been carried out, the results of which are shown in
Table 1. From this table it can be seen that the interference is, as expected,
considerably lBBB for ferrous ions than for U(IV), '

xggolxgic Behavior of Cerxum{IV) (K. A. Kraus, R. W, Holmberg) P.A. cx3a2

On the basis of the available data there are large differences in
the hydrolytic bebavior of cerium(IV) and U(IV) (see Mon N-370, p.64). Since
the data on cerium(IV) had not been collected with high precision," experiments
are now under way to repeat this earlier work with considerably more care,

§gectroghotomstrx of Pu(VIi) at Low Aciditx (%, ©', Eolmberg, K. A. Kraus)

P.A, CX3=2

As reported in the previous Quarterly Report (Mon N=370, p.76), the
rather serious pH drifts during the spectral determinations caused considerable
uncertainties in the calculation of the stability constant of the carbonate
comple: of Pu(VI), For this reason further work on this problem was temporarily
abandoned and equipment to measure pH and absorption spectra simultaneously has
been designed and constructed., Similarly experiments have been carried out to
further improve the precision of the micro-diffusion analyses for carbonate.
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Table 1

Catalytic Action of Fe(II) and U(IV) in the Oxidation of

Cl™ by MnO™
y e,

ca k.5 cc 1.7 M Hy50,; ca 4.0 x 1073 u Fe**

ml 5.0 ¥ HCl  Moles CL™ per  Equivalents MnOf
mole Fe(II) - per mole Fe®*
o 0 | 1,00
0 0 1.00
0,050 5.7 . 1.03
0.050 5.7 1.02
0,100 11.4 | 1.02
0.500 57.0 | 1.03 -
ca 5.5 ce. 1.7 M HpS0,, ca 9.8 x 107 M U(IV) -
nl 5.0 ¥ NaCl Yoles C1” per - Equivalent 'nO]
mole U(IV) per mole U(IV)

5 emmame S

0.050 . 12.3 2.96
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Self-Reduction of Pu(VI) (G. E. Yoore, K, A. Kraus) P'A CX3-2 -

In the previous ”Larterly Report {(Mon N=370, p.60) experiments were
reported on the self~reduction of Pu(VI) in nitrate solutions, Similar exper-
iments have now been carried out for perchlorate solutions and are reported
here, .

The Pu(VI) perchlorate solutions nerz srepared by oxidation of Fu(IV)
nitrate solutions with fuming perchleric . acid(3 The Pu(VI) perchlorate was
dissolved in concentrated perchloric acid and diluted, Spectrophotometric exam-
ination showed no detectable amount of other oxidation states of Pu. The Pu(VI)
solutions were kept electrolytically oxidized until used.

Self-reduction experiments were carried out near pH 2.8, 6.0 and ca 11
with ca 3.8 x 103 ¥ py solutions,0.9 M in 01oz)q As in the nitrate series all
the reagents were analyzed for reducing agents by permanganate titrations,

After adjustment of the pH the soluticns were sealed into spectrophotometer cells
with paraffin; care being taken not to establish contact between the paraffin and
the solution, After 25 days the pH 2.8 solutions was divided into two parts, one
resealed with paraffin and the other one placed into a clean spectrophotometer
cell with ground glass stopper. v

The spectra of the solutions were followed for 76 days, Direct spectral

. examination was used for the solution at pH 2.8 while for the other s lutions acid-
ified (pH 2-3) aliquots were used, These allquots were discarded after the anal-
yses, . o ‘

s

The results of this series of experiments were very similar to those for
nitrate solutions., The rate of self-reduction at pH 2.8 was linear and approxi-
mately 0.0l4 equivalents per day during the first ca 50 days, the rate decreasing
slightly on longer standing (sse Table II). There was no mejor difference be-
tween the solution sealed with paraffin and that closed with a glass stopper,
showing that the paraffin did not cause any spurious reduction, This rate of
self-reduction in perchlorate solution appears to be somewhat smaller than for
nitrate solutions (ca 2% per day)., Similarly the nitrate solution at this pH
appears 0 show a more pronounced levelling off on long standing.*

: In view of the fact that the solutions at higher pH developed turbid-=
ity and precipitates during the interval, the analytical figures for these so-
lutions are not very reliable. However 1t appears that the rate of self-reduction
at pH 7 is 2,1% 0.5% per day during the first 25 to 30 days and 1.8% 0.5¢ at pH 11.
In both cases there may be some decrease in the rate on longer standing. These
results are within experimental error the same as for the nitrate solutions of
corresponding pH. :

(3) See: Mon N-370, p.79




Table IX
Self-Reduction of Pu(VI) in Perchlorate Solutions at pH 2.8

~ 3.8 x 107 M Pu, 0.9 ¥ C10}

Time (days) %Pu(Iv)(“) .%Pu(v)(b) %Pp(vx)(c) Total

0.18 0.0 0.0 100.0 100.C
1.21 0.0 1.5 98.2 9.7
L.17 0.0 7.5 92.7 100.2
8,02 0.0 10,4 88.2 986
12,99 0.0 17.2 80.4 97.6
20,16 0.0 26,9 7.2~  98.1
25.00 0.0 34.3 66.2 100.5
46,01 0.0 56,7 K., 99.1
70.95 3.9 73.9 2.5 99.3

(a) From 400 mp region
{(b) Based on Pu(V) band near 569 mp
(¢) Based on Pu(VI) band near 831 mp band

Catalytic Disproportionation of Pu(V) by Ferric Ions.(A. Garen, K. A. Kraus)

Several more experiments on the rate of disproportion of Pu(V) in
the presence of ferric ions have been carried out in the range 0,25 to 1.0 ¥
* H30%, The results were somewhat inconsistant, and it is believed that this
was due to the poor temperature control during the spectrophotometric in-
vestigation, The experiments therefore have been temporarily abandoned until
sultable temperature control equipment has been constructed,

I lation of Americium from Pu Waste Solutions.(G. W. Smith, K. A. Kraus) P.A,
CX3-2 ' - ‘

In the previous Quarterly Report.(Mon N-370, p.82) some details were
given on the concentration of americium from Pu waste solutions using ferric
hydroxide and lanthanum fluoride precipitatiéns. During the last quarter no
large scale ateps have been carried out. Instead a number of procedures have
been tested on a small scale, and equipment has been aasembled and test runs made
on the use of Dowex 50 adsorption columns in the isolation.

Attempts have been madq,on a small scale,to effect a separation of

Am from Pu by permanganat.e oxidation of the fluoride slurry. These attempts
failed, only 0.1% to 0.5% of the Pu being oxidized in half ‘an hour at elevated

o temperature either using the slurry directly or after evaporation to almost
. dryness in the presence of nitric acid. After fuming the residue with sul-
furic acid and dilution with nitric acid oxidation by permanganate was suc-

ceasful,



. It now appears however that the oxidation with permanganate may
be unnecessary and that instead after fuming of the precipitate with sul-
furic acid and removal of the calcium sulfate a satisfactory separation
may be achieved directly by use of adsorption columns. Experiments to
test this method are under way.

Chemistry of Protactinium (A Garen, K. A, Kraus) P.A. CX3-2

1. Isolation of Pa from Ore Residues. Attempts are being made to
investigate the gossibllity of developing a process for iLhe isolation of
protactinlum (Pa3l) from ore residues, which at least in Lthe first large
concentration steps would be simple and reproducible enough to be attractive
for commercial production of this element. Wost existing processes still
suffer either from lack of reproducibility or from the nesd of using nighly
corrogsive agents at elevated temperatures. However, it was felt that Lhe
process of Kraus and Van Winkle {CC-3365) could perhaps be sufficiently
changed to permit large scale isolation of protactinium,

In this process the residues are first treated with nitric acid to
remove a large amount of the acid soluble bulk of the material without re-
moving protactinium.

The residue is then treated at elevated temperature with HF and sul-
furic acid, to leach out the hHulk of the protactinium. The {luoride solution
is treated untdl fumes of SO3 are evolved and thus prepare a solution from
which Pa can be carried. From the point of view of large scale production the
two steps involving heating fluoride solutions appeared most objectionsble and
efforts are being made to find suitable substitutions.

Experiments are under way to swe if hot HC1l, hot Hzczok, hot H50y,
or cold HP treatments could be substituted for the 1each1ng of the ore residue
with hot HF - H2S50), mixtures. Of these the cold HF treatment appears most
promising at present, ca 80% of the Pa being leached out in two hours. Hot
H550;, caused gel formation and hot oxalic acid gave low ylelda of Pa,

: Similarly experiments have been carried out by S. W. Mayer (sse below)
to see if an adsorption method could be used to effect a volume reduction of the
HF extract without fuming with HpSO,. These tests were also sufficiently.
favorsble to make 1t appear possible to develop a commercial isolation procedure
for Pao .

: 2. Concentration of Pa by an Adsorption Process (S. W. Mayer)
Using HF- Ho80, extracts of the residues a Pa isolation process has been tested
which would be expected to cause large volume reductions, ,

Extracts containing 2 M HP and pa<33 'tracer were passed through a Dowex

50 column to adsorb all cations which are not complexed by HF. The solution thus

purified and still containing practically all the Pa was neutralized to pH 12.9.
A small amount of yellow material separated, The suspension was passed through
a second colfmn of resin in the potassium form. The Pa activity remained on the
column., While trying to convert the resin to the acid form with 0.5 X HC1l it was
found that this concentration of HCl is sufficient to elute the Pa into a small
volume. A resin adsorption isolation procedure for Pa which in addition to large
volune reduction also permits substitution of HC1l for HF thus appears feasible,




Chemical, Physical and Nuclear Properties of Heavy Isotopes (A. J. Fry
and R, W, Stoughton) - P,A, CX10-22

' Complexes of Th{IV) and 107=., At an ionic strenzth of 0.5,
under conditions of relatively high LiIO, concentration (ionic strengih

v 11103 concentration) a crystalline préciritste has been obtained.
Preliminary analyses of this substance gave an iodate to thorium ratio

of around six, indicating a double salt. A series of reaction vesseis
designed to give the solubility of "thorium iodate® under s variety of
conditions, at constant ionic strength, were seeded with the crystslline
rrecipitate. They showed much lower and erratic solubilities .under all
conditions except at high Th(IV) concentration, where there was essential -
1y no change,

The precipitates at high Th(IV) concentration had prev1ously
shown 103~ to Th(IV) ratios in the precipitates of one to four. More
recent values which were conducted on a ten~fold larger scale, using more
Accurate methods for Th(IV) and NO3” ‘showed the following for three precipi-
tates which had stood in contact with the supernatants for periods of from
one hour to two weeks‘(in the extremes).

103™/Th(IV) : NO5”/Th(1V)
3.23, 0.07
2,98 0.17
3.04 - ' 0,05

The Th(IV) analyses were conducted gravimetrically, employing
an oxalate precipitation; an iodemetric titration was used for I03”
determination; and a kjeldahl method was used for NO3= . Flame tests on
a washed precipitate indicated no lithium present. -

A pH change on addition of reagents of from 2.6 to0.2.2 was
observed. If this apparent pH change is real it is difficult to explain
with the values used for the hydrolysis constant of thorium (2.5 x I0~%)
and the dissociation constant of HIO, (0.16).

Thermal Neutron Cross~Sections of U234 Two U234 samples of 0.18
, nnd 0.44 micrograms respectively have been prepared and will be sent to .
Hanford for irradiation as soon as approval is received.
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@  on-Exchange Separations: The Heavy Elements (S. W. Mayer, E. R. Tompkins and
| G- F. Boyd) P.A- CI3-5 | | |

The preliminary survey initisted last quarter (see MonN-370, page
22) of the possibilities for the employment of ion-exchange column techniques
in the separation of elements 90 through 94 from each other, from the fission
products,  and from alumimum, has continued. Previously, the possibility for -
the separation of uranium from thorium and from aluminum was reported.

The S jarat.lon of Pa from Thorium

In these experiments 27 d PaZ33 and 2A d R34 (UXy) were employed
as t.racers together with a sulfonated hydrocarbon exchanger, Dowex-50,
It was found, after testing several eluants, that protoactinium was not
eluted by alkaline (pH = 12) solutions of citrate, oxalate, tartrate, car-
bonate, fluoride and pvrophosphate, whereas thorium was removed readily
vhen both elements were contained originally on a deep bed of exchanger.
The ratio of the distribution coefficients (i.e., Pa:Th) for these two .
elements in these solutions at pH = 12 exceeded 1000. Accordingly, & break-
through rather than a differential elution technique may be employed to
accomplish their separation.

It was found also that 1 ¥ hydrofluoric acid will elute protoacti-
nium rapidly, whereas thoriun was removed, if at all, only extremely slowly.
Vith 1.0 M HF the ratio of the distribution coeff:.cic.nta for prot,oactmium
‘ and thorium must be less than 0.001.

The Behavior of Pa, Th, Zr and Cb in Ion-Excha_qge Columns

" The follosmg radio1sot3 es were used as tracers: 27 d P3233
2, d Th23k, 65 d 2r?% and 35 d Cb Buffered polycarboxylic acids at pH's
less than four were found to elute &11 of the foregping rapidly when the
concentration of the singly charged complexing anion was greater than
0.05 M, Four normal sulfuric acid also effected a rapid desorption. A
one per cent ammonium carbonate solution was found to elute Pa and Cb
slowly. However, if these latter elements are present only in tracer level
concentrations in such solutions they will not be adsorbed, If the pH ex-
ceeds-11.5, however, extensive adsorption was found. Correspondingly, the
use of alkaline fluoride solutions appeared to furnish the basis for a
possible separation of Zr from Cb, Pa, Th, U(IV), and, as will be described
later, ‘Pu(IV), and presumably Ta. (The use of an a]kaline fluoride solution
as an eluant could be made the basis for the recovery, concentration and
separation of zirconium from other metals except titanium and presunably
hafnium. There is some possibility that the fluoride solution will separate

-zirconium from hafnium, )

Solutlons 0.5 ¥ in hydrofluoric acid were found to elute Zr, Cb
and Pa away from thorium quite rapidly. Addition of boric acid to the 0.5 M
. HF solution to the point of saturation served to break the Zr, Cb and Pa
fluoride complex ions and to allow these elements to be re-adsorbed,

._ o In contrast to the above, when iodate or monohydro en phosphate was
added to a solution of complexing agent (i.e., carbonate) with the intention
of preventing the elution of zirconium or thorium, no such action was observed,
despite the fact that zirconimn and thorium jodates and phosphates are qu:.te

insoluble,
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The Cation Exchange Behavior of Plut.oniuml

The exchange adsorption of plutonium is complicated by the possi-
bility that the element may exist in aqueous solution in at least three -
oxidation states and in one polymeric hydrolytic forii. ihen one :wlar hydro-
fluoric acid was used as eluant, Pu(IV) remained on the coluan while Pu(VI)
was eluted, as anticipated on Lhe basis of its probable occurrence as plutanyl
ion. The experimental evidence for this consisted of the observation that no
plutonium was coprecipitated with LaF3 from the untreated eluste, Treatmnent
of the eluate with a suitable reducing agent tien gave subsequent LaF3
precipitates containing Pu?3? activity. Plutonium (IV) was found to be
eluted rather slowly by 5% oxalic acid after washing the bed with hydroiluoric
acid. , .



Phase Rule Studies

The System Uranyl Sulfate-'ater (C. Y. Secoy)

Study of the nhase relationshins in the system uranyl sulfate-
water -throuch the temperature ranre of 200 to 4009C, is in nropress,
Previous reports have eciven quantitative duta for the temnerature~
concentration relationships in this svstem below 200° nnd qualitative
observations above 200°,

For the hirher temrerature range, a vessel was desired which
would have sufficient strength to withstano the pressures involved, which
would not show anprecisble corrosion by the solution or its vupor, and
which would permit visual observiation of the phase chanres and the
criticsl phenomena. Pyrex glass wis found unsatisfactory because notice-
able-etchine occurred :nd the percentage of strength failures was rather
high even in heavy-walled 2 mm. capillary. Transparent auartz tubing
with « 5 mm. bere and a wall thickness of 5 mm. is now heing used. Wo
observable etching has been detected :znd, even thourh strenpth fuilures
have occurred, quartz tubing of trese dimensions seems s-tisfsctury in
this respect. Cire must be taken. to. preserve adequate will-thickness
at the ends of the tube.

Some difficulty has been experienced in obtaining reliable
temperature measurements. Since there is no obvious method of placing
the thermoconple junction in close proximily with the solution without
weakening the walls of the tube, an effort has been made to design a

~ heating block which ~ives a reproducible temperiture pradient from the
hezating coil to the solution provided the rate of temnerature chanpge of
the heating coil is constant. Then, by placiner the thermocouple in a
well in the heating block and by applyine suitable calibration corrections,
the temperature of the solution could be obtained. The apparatus has
underrone several chanres in desipn aund considerable time has been spent
obtaining calibration curves, It is not yet entirely satisfactory and
further modificitions are beine planned.

Althourh some d-ta has been obtained for the srstem ahove
2009, doubt exists concerning the accuracy of the temmerature measure-
ments. Tuch data will not be reported until reliable information is
obtained.



The Recovérx of Uranium from Enriched Piles, (H. R. Baxman, R. L. Belcher, G. D.

Calkins, G. R, B, Elliott, J. P. McBride, F. T. Miles, J. m. Ruth, B, W, Turk)
- ¥. A, CX5-9.

introduction and bummary

The main problem of interest in the solvent extraction process for re-
covering enriched uranium continues to be the improvewent of fission product de-
contemination. Batch tests have given 3 decontamination factors oves 106 in a
single cycle. This improvement is due to several factors, of which the important
ones seem 10 be: scavenging with manganese dioxide (which removes only a2 small
fraction of the activity but causes great improvement in later steps, use of
high pH (1.5 to 1.8) and reducing conditions (ferrous iron plus a hollding reduct-
ant) in the feed, end the complexing of ruthenium. with s-diphenylthicurea (DFT; -
before the stripping step.

The anomalous distribution behavior of ruthenium tracer has been studied
intensively, aud a scheme has been postulated which is able to explain the results.
The use of DPT'to complex ruthenium has been more thoroughly tested. It has proved
satisfactory in all vuriations of process solutions and has shown no bad effects -
on the distributions of uranium and neptunium. It causes no Zmproved decontami-
nation from zirconium or columbium. ' .

The bshavior of neptunium in- the proéess has been investigated. While
it had been assumed that neptunium would follow uranium through an oxidizing cy-
cle and be separated from it in a reducing cycle, it now appears that the oxiaiz~
ing extraction would require high acid concentration (resulting in poor decontam-
ination), but that an extraction under reducing conditions with hydrazine present
as holdlng reductant and complexing agent carries neptunium satisfactorily. This
appears to offer the best process conditions.

The transfer of acid into hexone under the new process conditions (pH
1.5 to 1.8) has been investigated.

Techniques for analysis oif hexone and for oxidation-reduction titration
in strong nitrate solutions huve been worked out.

. 1wo papers viere presented at the inforuation meeting: "The anamolous
Distribution of Ruthenium" by G. kK. B, &lliott, and "L-Diphenylthiourea as a
Complexing agent for Ruthenium" by G, D. Calkins. These are being prepared as
reports. "Equations for Column Calculations", MonC~354, has been issued and
"Determination of Reducing aubstances in Hexone" by J. P. hicBride will be issued

soon, )

Fission Product Decontamination

The effect of certuin variables on mixed fission 5 decontemination
has been studied. The variables studied were HwO, concentration, use of Mmdj
as @ scavenger, DPT in the stripping operation, urea in the feed, oxidizing



(0.1 B daglrg0y) or reducing (V.1 NéhA # 0,05 ki Fe™ ) conditions in the feed.

The mixed fisslon activity, "super-juice", was obiained by exhuustive
ether exiractions of U02(w03)2 prepared from old irradiated U slugs.

The standard procedure for buatch experiments to simulate column con-

ditions are:

(1)

(2)

(3)

(4)
(5)

(6)

(7)

(8)

(9)
(10)
(11)

Frepare feed: 1 b al(uD 13

. “super-julice" '
(V.1 B HaglrpOy and 0.2 & Hii03 adaed at this point when used
with 2 hr. standing at room temperature for oxidation).

sad slurry of preformed hinQ, to feed to give 1 g Mnoz/liter
and let stand for 18 hours % n0, prepared by the reaction of
KinO, and kn(s03jp in 1 & ul(u03)3 at the boiling poirt w1th

-1 hour digestion under reflux).

Sepuration of feed from ¥n0s by filtration through a sintered
glass plate.

(For reducing cycle meke feed 0.1 b s,H, and 0,05 i Fe*® heat
at 90° ¢ for 1 hour. Cool to room tewperature. )

Extract feed two tines with 1/2 volumes of pre-equilibrated
hexone und combine extracts,

Scrub hexone extirsct three times with 1/5 volumes of scrub
solution (1 M Al(NO3)3—hexone saturated;.

In experiments with DPT add 10 g DPT/liter to the scrubbed
hexone, heat at 60° C for 10 minutes, and cool to room tempera-
ture. .

btrip hexone two times with 1/10 volumes of strip solution
(0.1 i Hi03-hexore saturated).

Teke aqueous strip from (7, and muke up for second cycle feed
15 Al(nO )
075 ki B
005 M Fe?uh4)g(b04)g
0.1 M NoH
0.01 ki hu
Heat at 95° C for 1 hour. Cool to room tempersture.

Repest step (4).
Repeat step (5).
Repeat step (7).

/ _
.



In the experiments where DPT was being tested, the scrubbed hexone
at step (5) was split into two equsl fractions. One fraction was takea through
steps (¢) and (7), while the other fraction wes teken directly from step (5) to
Step (7)0

The {3 activity was measured after each step and results are plotted
in Figures 1l through 7, as decontamination factor.

. Conclusions

(1) The MmD, step gives a {J decontamination factor of only 1.1-2,but
the materials which have been removed by the lnO; appear to be the components
which are difficult to decontaminate, since the steps following an kin0, treat-
ment give much higher decontamination factors. This ie more marked with
higher HiO3 concentrations. (Pigures 1 and 2)

(2) Increusing acidity decreases the_tg decontamination. (Figure 3)

(3) For the same pH in the aqueous a reducing first cycle (0.1 ki
NoH, ¢ 0.05 M Fet?) gives a_J? decontamination factor elght times as large as
an oxidizing {irst cycle (O. l ¥ dayCry0q). (Figure 4 and 5)

{4) DPT (10 g/l) in the hexons phase during the strip atep increases
the 19 decontamination factor in the strip step by a factor of 2.4. This is .’
evidently caused by the complexing of Ru in the hexone, 4 fission product ana-
lysis on the final strip solution showed approximately equal amounts of Ru, ur,
~ and Ce activities (all close to background). This is contrasted with previous
results (without DPT) which consistently showed a much greater proportion of Ru.,
(Figure 6)

(5) Using 10 g/1 uree in the feed does not affect the first cycle
- decontamination at low acid (~0.01 I HNO This samg concentration of urea in
the feed using 0.2 i HWO, does raise the 3irst cycle decontamination by a fac-~
tor of ..3; most of this increase is obtained in the extraction step (Fijure 7).

Distribution of Ruthenium Tracer

Further work has been done on the behavior of ruthenium trucer during
repeated extractions gnd scrubs using the techniques (pre-equilibration of phases,
etc.) described in the previous quarterly report, Monk-370, p. 34 et seq.

Ruthenium tracer which had stood in presence of KMnO, and Hli05 since
distillation as Ru0, was repeatedly extracted with hexone and Scrubbed.” The
" results are shown in Figure &, which follows the same conventions used in Moni-370.
On repeated scrubbing of the hexone phase the observed distribution ratio is con-
stant at wbout 5. This is in agreemsnt with previous values using lese highly
oxidized trecer whose original distribution ratio was low, but which reached a
distribution ratio of 4 after repeated scrubs. In both cases if these scrub solu-
tions are extracted with an organic phase, the distribution ratio equals about 0.2.



, Figure l
Mixed Fission Product Decontamination
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Dwg. #4867, 'Monn-asz

Figure 2
Mixed Fission Product Decontamination
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Figure 3

Mixed Fission Product Decontamination
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’

Figure 4

Miied Fission Product Decontamination
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Dwg.#4870, MonN-432

Figure 5
Mixed Fission Product Decomtamination
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Ry, Tracer . I —
1M Al'(-no3 )3 . _ Hexone
0.79 M KN, 4 0,67 ¥ HiO,
_ »
504
Figure 8
£33 Distribution of Oxidized
Futhenium Tracer
5.3
] ‘)9 ‘:
v5,6 6. 32
50 5 \ A
X . oo \ N
(a) = N
5.6
.0 0,17
; ' 49 ,
%3 . * /0,20
‘ £ 5,2
0.15
Except for (a), (b), and
(c), the equilibrations ) 5.7 \
were for one minute - "\ - ¥ 0.23
& 00 2 ‘
(c | - o
(a) D.B. = 5,5 after 1 min. equilibration
D.R. = 2.8 on re-equilibration of phases .22
after 5 days o o
D.R, z 1.2 after 2 hours more of 2 phase
equilibration '
D.R. = 1.1 after 1 hour more of 2 phase
_ equilibration
(b) D.R. = €.5 extract after Ru (e) D.R. = 0.38 at once
- 8tays in organic for : D.R. = 0.80 after 1 hour
5 days. equilibration
D.R. = 4.3 after 15 min. more - D.Rs = 1.0 after 1} hour more
equilibration eyuilibration
D,R, = 3,6 after 15 min. more , D.R. = 1.0 after 1 hour more
equilibration eyuilibration '
D.R. = 2.4 after 1 hour more
equilibration
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If a two-phase equilibratioun is carried out for wbout three hours, either scrub-
bing the organic phase or extracting the scrub, then a dlstribution ratio of
about 1 is reached (Figure 8, a, b, c; Figure 2, Moni-311l, G, K;. 1hus,if ru-
thenium is extracted into the organic phase and scrubbed twioe Oor more the fol-
lowing state is obtained which is independent of the initial condition of the
ruthenium tracer: on scrubblig any organic phase for one mimte the distribution
ratio is gbout 5; on extracting any aqueous scrub for one mimute the distribution
ratio is about 0.2; 1f two phases are stirred together for three hours the dis-
tribution is one, and is independent of the phase in which the ruthenium wus in-
troduced.

In the origipal extraction the system is more complicated. Depending
on the amount of oxidation or reduction, HwO,, HiO4, NoH,, end time of standing,
the original extraction varies from a distribution ratio of 0.001 to 2.4. 1f the
tracer has not been oxidized the distribution ratio is about 0,001 to vL.01 (see
Koni-311, hMoni-370), 1f the tracer is oxidized very strongly with KinO,, con-
centrated Lii04, and long time of stauding, the extraction distribution ratio rises
as high as 2.4. Heating with concentrated HiO3 raised the distribution ratio of
a reduced ruthenium trascer from 0.004 to 0.275. Boiling with HCOOH reduced the
distribution ratio of the KinO, oxidized tracer from 2.4 to 0,009. 5aylry0n
epprecisbly raised the ruthenium distribution ratio.

HiO, increased the original distribution ratio of reduced ruthenium
tracer linearly with increasing biO, (Monn-370, page 42, figure 12). Increasing
the time of standing of & hexone saturated feed markedly increased the original
extractability of the ruthenium (Monii-370, page 37, figure 4).

Urea reversed this trend toward greater extractability of ruthenium with
time of stending of the feed. The extractability actually decreased for a few
days to later start to rise again.(Monk=370, page 42, figure 13). Urea also coun-
teracts the effect of HiWO, in increasing the Ru distribution ratio (konn-370).

buccessivé extractions of reduced ruthenium from a feed over & short
time result in a constant distribution ratio (Monn=-370), No fractionation then
shows on successive extractions of reduced feed. Oxidized feed shows a fraction-
ation and decreasing distribution ratios on succescive extractions. '

To explain all the above results it was found necesssry to postulate

-the complicated scheme shown in Figure 9. Of the four assumed forms, Ru, and

Rup are considered to be the ones present in any repeatedly scrubbed hexone

phase. The values shown in the figure for' their distribution ratios, equili-~
brium constants, and approximate half lives of approach to equilibrium, explain
why this fraction of tracer gives distribution ratios.of 5 on scrubbing and A0, 2
on reextraction of scrub when these operations are dome quickly, but gives & final
distribution ratio of 1 on prolonged two-phase equillbration.

In addition to these, Rug, with a very low distribution ratio, is as-
sumed to be the predominant form in old tracer mhich hss stood in the absence of
oxidizing agent, and Rup, with a distribution ratio of 2.4, is postulated as the
form in tracer which has been in the presence of Khn04 and HNO3 since its dis-

~ tillation as Ru04o



Flgure 9
Proposed Explanation of the Behavior of ‘Ruthenium

Aqueous Fhase — Distribution Organic Phase
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In hexone-saturated fecd solution Ru; is converted slowly imonths,
to an equilibrium mixture of Ruy &and Rup, with the resulting increase in or-
ganic solubility. Rup is converted more quickly (several hours) to Ru, and
Rug. In the hexone phase both reactions sre faster, requiring about a day for
Ru, and about half an hour for Rup.

. Different oxidatiion conditions convert Rug to Rup by different amounts.
Varying reducing conditions give different degrees of conversion of Rup to Rug.
For high conversion of forms there must be very strong oxidizing or reducing con-
ditions. :

Hydrazine increases distribution ratios for Ru, and Rug. 1lts effect
on Rug-and Rup is not known.

' From known chemistry of rutheulum coubined with these data Rup appears
to ve RulV; Rug appears to be Rulll; Ru; eud Rup would be expected to be tri-
valent and appear to be (NO) complexas. The hydrazine effect may be similar

to that noted by srgonne national Laboratory, where u2h4 increased the ionized
HiiO3 in the organic phase, thereby extracting U02(u03)3 -ketaaine°u rather '
than UOg(nOJ)g,

Ruthenium Distribution in Dilute HNOB

The data are less complete in the absence of bl(NOB) (strip con-
ditions) since these cxperiments were done merely as control eXperiments in
testing DT complexing (see below). One of the more surprising facts uuder
stripping conditions is that there 1s gemerally a rise in the distribution
ratios on successive strips. Ltrip distribution ratios with 0.1 M hNO3 in the
aqueous phase and ~0.002 in the hexone very from 1 to >5, From the extrac-
tion and scrub data previously discussed (Figs. 8,9), one would expect on
successive sirips a constant distribution ratio representaiive of Rug and Rug
in equilibrium. However, in 0,002 k HNO3-hexome, approach to eguilibrium
appears to taeke much longer than in the 0.67 M HNO3-hexone used in studring the
extraction and scrubbing. ouch a delay would permit a tractionation leading
to increasing distribution ratios &s were noted.

adding U0 (NO )2 to the strips results in a slight lowering of the
distribution ratio of ruthenium heating and cooling the solution above de-
creases the distribution ratio slightly more. rrocess amounts of ursnium will
not lower the ruthenium distribution ratio by more than a factor of 3. Fossi-
ble explanations would involve the lowering of the Hhoz or NO3™ concentration
1n the hexone phase.

at 60° C the ruthlenium distribution ratios are lower L, sbout the
same factor observed for uranium and neptunium.

The disiribution ratios are lower in the presence of ferrous iron
and urea, as would be expected if(.i0)complexes of Ru are involved.



1n the presence of ferrous iron and hydrezine the distribtution ratios
on successive strips first decreasea 1o a minimum ana later increased. 1wo
comnPting reactions seem to be tuking place.

s~Diphenylthioures as & Complexing agent for Ruthenium

Previous work (konn-370) showed that s-diphenylthiourea (DPT; forms
an orgunic soluble complex with futhenium in hexone solutions und ihat it did
not complex uranium at 26-29° C in hexone solutions.

The present work indicates the effect of DPT on ursnium a¢ 60° ¢, on
neptunium, and on mixed columbium~zirconium tracer, and the effect of various
reagents on the complexing action of DPT for ruthenium. I1n general the acti-
vity is obtained in the hexone phase by an extraction from 1 E «1(1i03)3 solu-
tions containing additional reagents. The organic phase is then scrubbed once
or twice with a 1 ¥ 41(}03)3 solution. %The hexone fraction is then split into’
two or more parts, one of these being treated with DPT while the other is not.
The reuctions with DPT are carried out at 609C and the control solution not
containing DPT is Leated at 60° C in & similer manner. 4ll solutions used are
pre-equilibrated to minimize the transfer of any solution component other than
the activity in question unless stated otherwise. although & resction may be
cerried out at 600 C all contacts of an organic phuse with an aqueous phase are
at room temperature.

Further experiments with U~ 33 tracer now indicute that DFI does not
complex uranium at 60° C. These data are shown in Figure 10.

. Results discussed above show that uranylnitrate reduces the hLoxone
solubility of ruthenium when a hexone phase of ruthenium is washed with dilute
nitric acid. The importance of this effect in the use of DFT to complex ru-
thienium was tested. 7he data are shown in Figure 11. They show that U.1 M UNH
materially reduces the effectiveness of 3 g/l of DPT in complexing ruthenium.
lncreasing the concentration of DPT to 10 g/l overcomes the uranium effect.

The effect of DT on neptunium tracer under oxidizing conditions with
sodium dichromate and under reducing conditions with hydrazine nitrate was .
studied. The data for trese experiments are given in Figure 12. They indicate
that oxidized neptunium mey be complexed by DPT to a small extent, but this com-
plex is not stable when the hexone phase is wushed with dilute nitric acia. Un-
der reducing conditions with hydrazine nitrate DPT does not complex neptunium.

Lxperiments on the effect of DPT on a mixed columbium-zirconium tracer
show that DPT does not complex the columbium or zirconium which extracts into
the hexone ghase. (Figure 13)

An aﬁproximate determination of the solubility of DFT in hexone and
dibutyl cellosolve gave the following results at 26-27° C.

© polubility g/l

hexone 33
dibutyl cellosolve 5
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U233, 5 g/1 U as Ual, 0,01 B HHO5, 1 M a1(s03)3 - Eexone

. ' ' 1M Al(NOB)B

Notes & = 0.1 N HN03 '

FigurelO
Effect of DPT on Uranium Distribution

Ku Tracer, 0.1 & HiO4, 1 M 41(N04)4 Hexone

° | | 1 b 41(N0y), ><\ .
i 1M u(u03)3

Note:
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- Figure 11

Effect of Uraniuwm on Rutheniuwm DT Distribution
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0.047

: Figure 12
Effect of DPT on deptunium Distribution

Zr-Ch Tracer, 1 M Al(ﬂ03)3, U.05 i hu03 hexone

Wote: a = Q0,1 N BNOB ,

luQT\\
A,

- Figure 13
Effbct of DPT on sirconium-Columbium Distribution.
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The possibility of using DFT to couwplex ruthenium in dibutyl cello-
solve was exemined. The data for this experiment (Figure 14, show thel ruthen-
ium is complexed but not to the extert that occurs in hexone. This is probsbly
associated with the lower solubility of DI in dibutyl cellosolve (5 g/1) than
in hexone (33 g/1). 1t was shown previously in hexone that with 0.1 L Unk 10
g/1 of DPT is more effective than 3 g/l of DFT in complexing ruthenium.

‘ DPT was found to be effective in complexing ruthenium iu hexone in
the presence of 1 i HN03, 0.1 M naptrpUy, 0.1 K kiph, *HNO3 4 0,05 M Fe(udi,)o-
(b04%? 0.1 M CO(HH + 0,05 & Fe(uhA)z(boﬁ)z in the agueous phese. The data

e

for se experimen s are shown in F 5 through 19. Only in the case of’
the use of ilagCrp07 did the ruthenium distrlbution ratios with DPT drop to lower

values, In this case dichromate had transferred to the hexone phase and had
begun to decompose tlLe DPT lhere was no indication of solids formation, how-
eVEer. ‘

Thus, DPT has proved to be an effective complexing agent for ruthenium
in hexone solutions under a variety of conditions and may be used to advantage
to decontaminate urenium frow ruthenium in a hexone solvent extraction process
at the step where the uranium transfers frow the hexone phase to an:agueous
phase. DPT does not form stable couplexes with uranium or neptunium. 7he op-
timum conditions for the application of DFT require a concentration of DFI in

the hexone of from 5 to 10 g/1 with the reaction taking place in about 10 min-
utes at 6U° C or in the order of 10 hrgat room temperature. The hexone phase
should be cooled to room temperature before contact with tlLe aqueous phase since
ruthenium and the ruthenium-DPT complex become more aqueous soluble at elevated
temperatures (kionu-370).

Distribution of lieptunium

It - had been assumed on the basis of early experiments that oxidized
' neptunium,inVI, would be extractable into hexone and would tkerefore follow
uranium, and that reduced neptunium, NpV or Nplv, would not be extracted into
"hexone and would be found in tre raffinate. On these assumptions a two-cycle
process was recommended consisting of an oxidizing first cycle and a reaucing
second cyecle.

Since thet time Chicago has reported that reduced neptunium, Nplv,
forps with hydrazine an organic soluble complex. It has also been found here
that with ilagCrz0n a high acid concentration is necessary to maintaein a high
distripution ratio for neptunium. Present process conditions use a pH of 1.5
to 1.8 for good decontumination. This is too high a pH to allow the oxidation
of neptunium to the extractable form. 1Therefore, we now recommend a first cy-
cle reduction with hydrazine and, in the cycle wiere neptunium is to be separ-
ated from uranium, a reduction without complex formation, probably with ferrous
ironend eliherurea or hydroxylamine. ,

_ The neptunium used in the work which it describea below was prepared
by 8-hour pile irradiation of U< depleted of U 235), The neptunium was
purified from fission products by solution of the UO3 in concentrated HuO3, a
proauct precipitation with LaF3, a by-product precipitation'with LeF3, followed
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Ru 1racer, 1 A Al(NOB)B, 0.1 M wayCr,0n, 0.3 u HNO3 hexone
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Note: a

Fzgure 16 A
Effect of Sodium Dichromate on Formation of Ruthenium-DPT bomplex

BRu Tracer, 0,1 M N2H4Hﬂ03, 0.05 M Fe(NH, ) (004)2,
0.75 g/1 U as UnH, 1 & alwoB,B

0,17

1t

1M AJ.(NOB) & 1‘2H4HN03 ¢ FB(NB )2(904)2 X
1“2H4HN03 t Fe(lm/.)2(504)2 v ‘ 13.6
50 &/1 U as UNH ' . N

Note(ﬁ>b

Effe~st of Hydrazine Nitrate ¢ Ferrous lon on Formation of Ruthenium-DPT Complex
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Figure 18
Effect of nydroxylamlne #+ Ferrous lon on Formation of RutheniumeDPT Complex

Ru Tracer, 0.1 M co(uuz)z, 0,05 M Fe(NHA)Z(uO Jo _ hexone
1 MA1(K03)3, 0.1 N HiO3.
1 Mbl(N03)3: CO(ubg )2, ~——\ 0,15
Fe(iH )2(b04)2
2,26
a 6'000./ R
\‘,. P 'IO

Note: a = CO(iH,), + 0.1 N HiOg | 2y,
+ Fe(lit, )o(50,), N 56.9
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by a product precipitation with LaFB, netuathesis 1o the hydroxide snd solution
in concentrated Hi03. Beta ana geums half-life determination gave a value of -
5 hours for all ssmples. One sample was followed over & period of 1€ Lalf-
lives snd showed less than 0.03% of & longer lived impurity.

In all the experiments described below, unless otherwise noted, the
hexone and aqueous phases viere equilibrated before the addition of tracer, and
the neptunium trecer was then added to the aqueous phese. The scrubbing of both
aqueous and organic phases wes done with pre-equilibrated solutions, except
‘where noted. The plH's of the ayueous solutions were measured with a glas: elec-
trode imuwediately after extraction. '

Preliminary results showed that in the case of oxidized neptunium,
lower distribution ratios were obtained when the solutions were allowed to stand
goune time before counting than when they; were counted immediately after extrac-
tion. This was probably due to the reduction of ANp by the hexone. a4lso, if the
oxidation was carried out with heating, the distribution ralios of lip were lower
thian when the oxidation was performed &t room temperature.

" The variance of the distributiou ratio of mp‘l with 4l{n03)4 concen-
tration at high acid strength is shown in Figure 20. The oxidation and distri-
bution were cerried out with 0.1 k waCxrp07 and 0.23 L hu03. The curve f{or
uwranium is given for compurison. Repeated extractions and scrubbing indicated
1ittle if any fractionation of ithe neptunium. -

In Figure 21 is shown the distribution ratio of wp'! under these con-
ditions as & function of temperature. The curve is similar to those obtained
with uranium and other metals ard is in line with the fact that the extraction
is highly exothérmic. 7The heut of the reaction here wes calculated to be ¢.01
FEg, Cal, Repeated extraction showed that at constunl temperature the distri~
bution ratio was independent of which phase contsained the neptunlum origimally.

On measuring the tp distribution ratio under present process condi-
tions (pH 1.5~1.8) much lower values were found. sn attempt was mude to explain
tris by assuming incomplete oxidation of neptunium. %The eguation for the oxi-
dation of neptunium with dickromate

+

e.‘} & > K 2 L 8
| Cr0q €NpO, 1L4H — BpOy™ " + 20r "~ ¢ THL0 '
shows that a negative pli dependence of the fraction oxidigzed is to be expected.
This effect is not large enough alone, however, to explain the observed ph de-
pendence, if the distribution ratios of the oxidigzed and reduced forus are inde-~
psndent of pl. Therefore it was necessary to measure d), the distribution ratio
of the oxidized form of neptunium, and dp, the distribution ratio of the reauced
form, both as functions of pH, : ' :

‘ The dependence of dj on pH wus delermined from distribution ratios ob-
tgined using 0.1 & Raxlry0g » 0.1 b Cr**+* at low pli's ana excess nMnO4 at higker
phfs as the oxidizing ugents. The amount of KunQ, present was sufficient to main-
tuln a purple color after extraction with hexone. The pH dependence of the die~
iribution ratio of reduced neptuniun, d2, wus determined from points obtainsd
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using either ferrous iron plus ures or ferrous iron plus hydroxylamine as the
reducing agent., In these latter cases, the dlstrlbutlon ratios obtaiued from
both a first and second extraction were used.

d; and d, were then combined with the fractlon of neptunium oxidized,
x, to give the fol%owing expression

d
D = dl ,x#’”-_z_..
T T%q "1 a4

(1 - x) .

where D is the observed distribution ratio. For high x, d; can be neglected
aud the equation simplified to
D dy

lszl?-dl.x °

an attempt has been made to fit the observed distribution data to the
curves calculated from the sbove two expressions by finding four (or ,three, if
dy is assumed to be 0) arbitrary constants, 4, B, C and k, in the expressions:

log d; = 4~-B pH
log d; = ¢-B pH

osy 1/4

- 1o D02, Loromd

log k [NpO %j + log l¢r207=j 1/9
[Cr“’°_] 1/3

- %ﬁ log{H")

P-4

= log % log # 2.33 ph
’ - X [Cr207 } /e :
= ~E E +‘ N =z, - E ;+‘
RT \ o(Cr¥**-Cr,07%) o(NpO**-up0y*)
*

%
The reported values of Eo(Cr*+*-Crp072) &08d Eq(ypos"s-Np0yt)  Elve
a value of log K = 3.8l, However, neither of these values was determined in

nitrate solutions. The fact that our arbitrarily determined value of log k =
3.94 using 0.1 M Crp07= and 0.1 M Cr7”* does not agree too well is, thersfore,
not surprising.

Figure 22 shows (1) the final calculated curves using the chosen con~
stauts and (2) the experimeutally determined points using excess KMnO,, 0,1 N
Na2Cr207 plus 0.1 U Cr(l03)3, and 0.1 M CO(MHZ)2 plus 0.05 M Fe(iky)o 50,)0

*Latimer, 4. M., "Oxidation Potentials", (Prentice-lsll, lnc., wew York, 1938),
page 231, .
**(C=3€55, Vol. 144, PrR, Chap. 15.

* ’ . -
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d was chosen to fit the upper limit of the dichromate oints ob-
tained &t low ph and the KMnO, points obtained at high phi. Then log k was

cl.osen to make the dichromate points fit at bhigh pli. 42 wes -chosen to have

the same slope as d) and to fit tbe lower limit of the points obtained using
ferrous iron and urea.

_ From the graph it is obvious that high acid concentratlons are nec-~
essary to oxidize the neptunium to tLe extractable form. The disadvantage of
this is that at high acid concentrations the ilssion product decontamination
factor is low.

Experiments have been begun to determine the varistion with pH of the
distribution ratio of Hp between 1 i 4l{ii03)4 and hexone in the presence of
0.05 K Fe** and 0.1 M NpH,.

The results obtained are listed in the table belows

Distribution Ratio
.pH Original Ext;action Scrub of Orgénic sieextraction of
S fxtraction aAqueous Fraction
-0.05 27,0 . 2%.5 ' 1.83
0.30 21.5 6.5 3.0
4 1.10 2.29 1¢.8 ) 1.04
i

The hexone used was pre-equilibrated with Al(u03)3 containing wph,.

&s yet ineufficient data have been collected to draw any conclusion
regarding the variat ion of D.R. with change in pH.

The_Determination of Reducing Substances_in Hexone

vamples of commercial hexone (lLa Pine), doubly pretreated hexone, and
treated hexone which had been eged for five months were analyzed for reducing
power by the Ce 4 .and Cra0n® procedure@. The cerate oxidation involved a direct
potentiometric titration thh 0.02 N (NH,)2Ce(NO3)g of -& solution prepared by
mixing 50 ml glacial acetic acid, 20 ml ﬁzo and 5 ml of the hexone sample. Re-

ducing normality by the dichromate method wes determined by adding 10 ml of a
0,01 N K Crp07 solution to 5 ml of the hexone sample, swirling the mixture for
"~ one minute, diluting with 15 ml 6 i Hys0,, and, after the mixture was allowed
40 stund for 15 minutes (with intermittent shaking), back titrating with Fe®?
solution. One drop of 0,025 K feroln was used as the indicator. The results

are tabulated in thc following Table.




The Determination of the Reducing Normality of Hexone Solutions

Reducing normality as Determined by
Sample : \ _
Ce*4 Titration Cr,07% Procedure
Commercial Hexone 0.002% » 0. 008«
Fresh Pretreated Hexone 0. 000* 0. 002
i Aged Treated hexone 0.0073% 0. 00 7=

*mean of two determinations
*%gean of four determinations

The dichromate procedure shows a considerably larger reducing power
which, as shown by the low value for the reducing normality of the freshly
treated hexone, cannot be attributed to decomposition of the dichromate by tlLe
kexone itself.,

Determiggt;og :

On the assumption that mesityl oxide, methyl isobutyl carbinol, and
butyl alcohol were the more probable impurities in hexone, it was decided to
determine the effect of the addition of these substences upon the reducing pouer
procedures.*

. A 50 A aliquot of each substance was used in tlie determinations. For
the cerate method the aliquot wss added to a mixture of 50 ml acetic acid-20 ml
Hy0-1 ml BG1l, and the solution titrated with 0.02 N (“34)209(“03)6 No reduc-
tion of the cerate was noted.

Tke dichromate procedure was carried out as in the previous section,
using a 5 ml sample of the freshly treated hexone to which was added the 50 A
aligquot. %The greatest reduction occurred in the case of tke isobutyl alcohol
but even in thkis cuse a maximum of 2.5§ of the impurity was oxidized assuming
an equivalency of one.

Hence, the reducing normality of hexone as shown by either method for
determining reducina power carried out as above does not indicate the amount of
any of the above impurities im the hexone.#®

’

#1lagobutyl alcohol was used instead of the butyl alcohol and should be only slight-

1y more readily oxidized,
s*Recent information from J. Marsden of Knoll's Laboratory indicates that they

have developed a method for the determination of methyl isobutyl carbinol based

on the oxidation of the alcobol with dichromate and a coloriumeiric. estimation of

the chromic ion produced. The gﬁocedure involves & 5 minute, two-phase treatment
with 0,1 M K20r28761 ¥ hil03 of the. hexone containing the alcdhol. "The fact that

but little reduction occurred in the above experiment may be due to a difference
in rate of reaction,




lodometric Titrations in Nitraie oystems

As an aid to the interpretstion of data on extraction from nitrate
systems and in particular to determine Ru valences in nitrate extraction solu-
tions investigation of methods of determining oxidation-reduction potentials
in nitrate systems Las been undertaken. Efforts have been initially directed
toward a study of iodometric reactions in these systems. '

Icdometric Titrations in Pure BNO3 bolutions

_ The oxidizing properties of NO37, NO,™ and R02 and the fact that even
a trace of il0 catalyzed thLe liberation og 1, by oxygen from acid jodide solu-
tions gave reason to expect some difficulty in iodometric titration in nitric
‘acid solutions. however, it was felt that nitrate ion itself was sufficiently
stable for such determinations and that the other substances could either be re-
moved by physical or chemical means or, at the least, their interference could

be accurately determined and limited by running the titration in a solution pro-
tected from air by a CO, atmosphere.

4 stock nitric acid solution was prepared by bubbling dry €0, through
the 70%» C.P. reagent for 24 hours to remove the dissolved nitrogen oxides. Lome
difficulty was experienced in the first few titrations from the ordinary dis-
tilled weter avallable in the plant which contained considerable copper and which
we8 ~0.0001 N in I~ oxidant. ulso it was found that in titrating dilute 1,
solutions with 0.024 N thiosulfate; dilute Kl concentrations (ca 0.02 M) in 1 to
2 I scid gave a blue end point with starch ana that at concentrations of the or-
der of 0.1 M the color chLange was violet~blue to violet to colorless. a4 poten-
tiometric titration of the 1, showed this color change to indicate correctly the
end point (Figure 23).%

A solution prepared by adding 10 ml of the stock HNO, solution &nd 1 g
KI to 100 ml of the good distilled water and proteéted irom aif by a €O, atmos-
phere gave no color upon the addition of starch (20 drops of a 0.2#% solution).
At the end of 15 minutes a slight color had developed but was removed by the addi-
tion of 0.07 ml of a 0.0244 I thiosulfate solution. Figure 23 illustrates poten-
tiometric titirations with the thiosulfate of solutions prepared by adding 5 ml

*5ince a violet end point is commonly associated with a bau starch solution, sev-
eral experiments were performed to establish this color change as being a normel
property of iodometric titrations; not due to bed starch or an impurity in the
titrating solutions, and not a peculiar property of nitrate systems. Titra-
tions were performed in both LCl and Hpb0Q,, libverating 1, using Q“h4)203(h03)6: ‘
8193 and K3Crz07. Four starch preparations were used, two from arrowroot {Cole-
man and Bell Co.) aud two from kierck soluble starch, according to Lintner, using
Hglp in 3 cases and CHCl,; in the later case as preservatives, Two distilled
.waters were used, oue an especially pure water obtained from the analytical group.
Three separate bottles of C.P, Kl were used as well as some Kl especially purified
by recrystalligetion from absolute alcohol. The color changes in all cases were
the same, with a definite violet tint prior to obtaining a colorless solution. 1t
is probable that the color change noted here diifered from those commonly encoun-
tered in starch iodine end points beceuse of a lengthening of the color scele by
the use of 0,024 N thiosulfate instead of 0.1 N solution ordinarily used in lodime
determinations, -
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of & 0.0173 N (NHA)gce(NO3)6 solution to 110 ml of a 1.4 i hnO3 solution com-
taining 1 g Kl. 1The titration was verformed using a pletinum wire and a calo-
mel Lalf-cell, No drift was noted uand tke end point was sharp and reproducible.
The color chLanges produced at the end point in one of the solutions to which 20
drops of starch solution had been added are indicated on the graph.

Iodometric Titrations in ul(103)3-HiO4 bolutions

Figure 24 illustrates the potentiometric titration of several al(i03)3
solutions, vne, prepared by mixing ca 50 ml of an old 2 ki 41(i03)3 with €0 ml
of a 2.5 N HNO; solution containing 1 g Kl, and the other by diluting 1l:1 the
al(103)3 with good distilled water and adding 1 g of KI to 100 ml. The ph of
the latier solution was 2.6, 1ln the latter case, also, 5 ml of 0.U173 i (uH,)2-
"Ce(N03)¢ was added at the blank end point and the titration continued to & new
end point. The additional thiosulfate required is seen to be equivalent to tle
cerate added.” . : g

A paw Al(N03)3 stock solution was prepared and neutralized somewhat |,
with #aOH. The final solution was 2.6 M in 41({n03)3 and ca 0.2 N in NalO3. Upon
1;1 dilution with Hp0 this soclution had a pH of 1.9, The following illustrates
the results of 3 titrations with 0,024 N thlosulfate of the 12 liberated in 50
ml aliquots of the diluted solution on the addition of 1 g KI, and the effect of -
time of 5tlunding in a €0y atmosphere before titration.

Time of btanding . Meq 1z Liberated
(in min.)
"5 0.0154
10 0.015)
15 -~ 0.0156

The titration blank is seen to be reproduciblegand 5 miputes is sufficient tiume
for the liberation of 1,. ’ .

The titration blank is probebly due to the presence of dissolved WD..
an effort will be made to free the stock solution from nitrogen oxidesas in tﬁe
case of HiO3 by bubbling €O, through the solution.

Distiribution of hN03 into Hexone

1he concentrations of nitric acid in hexone in equilibrium with 1.00,
1.25, and 1.50 k ai(k03)3 covering the new process conditions (high pH) have been
measured. ‘The results are plotted in Figure 25. The datla have been fitted by
the equation

Log [140) oy = 0.74 + 0.4 log [41(403)3 ), = 0.92 pi

for tie range 0,6 <pH £2,0. The equation is shown by the lines in Figure 25
for the three al(NO3)3 concentrations. Below ph 0.6 the lines show & definite

'
| _
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upward cufvature. The fourth line for no 8l(ih0O,), was calculasted from the data
of Fowell and iWewton, CC-2394, and published aclivity values.'

The, above equation can be put in the form:

C-B“OB ﬁex
- E VS B
0.4 0,92
C - X Ay |
N0y "sq
aq

Wote that this contains concentrations of HNO3 in hexone and 103” in the aqueous,
but activity of H®* as determined by glas: electrode measurement.



1solation of.U“?33 frow Thorium by Golvent Lxtraction. (k. G. Bohlmann, G. k.

Creek, C. V. Ellison, J. V. Gost, D, . hess, C, E, Higgins, R, E, lacker)-
Po A, ng“’l- I ' )

introduction

Work in the Chemlstry Division on the problem of separsting u<33
from the thorium blanket of the heterogensous pile has resulted in the develop=
ment of a solvent extraction process utilizing dibutyl cellosolve as the or-
ganic solvent. Briefly, the process consists of: '

(1) Dissolution of the thorium metal slugs with 70% nitric ucid con~ .
taining 0,05 W HF, ‘

(2) Precipitation of ca. two grams MnO,/liter from the resulting
solution adjusted to 5 N thorium nitrate 1 N in nitric acid. This step serves
to clarify the solution by removing diesolver ¥“erud® and also carries Pa”33 and
fission products with resultant decontgminationo

(3& Céntinuous counter-current solvent extraction separation of the
U233 from Th 32, Pa”33, and fission products.

Feeds 1 vol. 5 N Th(k03);, 1 N HNO.

berubs 1 vol. 6 N 41(NO3j3, 2 N Ca(NO3)p, ca. 2 N Ca(Oh), to adjust
the pH to 1.6. .

bolveni} 2 vols. untreated dibutyl cellosolve.

(4) Counter  current stripping of the U233 from the organic phase.
bolventg 5 vols. extract from the extraction column,

Aqueous: 1 vol. distilled water.

~ The agueoué solution from the strip column is concentrated by e"n.apora-‘=
tion and the U233 product worked up in the laboratory.

During the past quarter the 706-C pilot plant has been modified to
provide stundby production equipment for separating U233 in the eventuality of
a sudden demand for relatively large quantities of this material. Stucies of
column capacity,. solvent recirculation, and overall process decontamination

factors have been made with the modified set-up.




Run C-22 ~ Decontemination Data

The most interesting date has been obtained in a run made with Han-
ford bombarded thorium metal. The metsl was made up in the form of ten 1100
gram slugs which had received an exposure of 92.6 effective days. Tkis corres-
ponds to an averege of 176.3 LiD/aT of heuvy metal or to an nvt of 5.2 x 1019
n/cm in the adjacent heavy metal. The slugs had cocled for eighty deys before
processing was begun. Table 1 compar?s these slugs with "a typicel delivery of
irradiated thorium to the 1300 area".

Table 1

Comparison of Irradiated Hanford Thorium lietal with
Estimated Typical Delivery to the 1300 wsrea

wource Irradia- Cooling The32 U233' Pa233 | F, Pts.
: h tion (days) (kg.) (g) (g) (g)
' (days)
Hunford 92.¢ 80 50 © | 18 0. 8x 0.17
) ) Uo 35** .
Het.Pile(1) | 304 100 N 24582) 50 75 0.1 2.25
708 15(2)

*#Calculated from irrediation aend cooling data.
*% 48 measured bylﬁ counting assuming 1007 counting efficiency.

The metal used in the test run contained about 1/5 the U233, 1/13 the
fission products, and four to eight times the ra<33 anticipatéd in the thorium
metal feed to the 1300 erea. Thus the results obtained are indicative of the
performsnce which might be expected in processing thorium metal from the hetero-
geneous pile. Tables 2 and 3 give the wctivity concentration in the dissolver
feed, and the ayueous strip solutions and the decontamination factors measured
in the run.

1. G. H. Hanson to 12-1300 srea Design File, October 30, 1947.

2. G, h, Hanson to 12-13U0 4rea Design File, July 22, 1947.

. ~
’ | . —



Table 2

Distribution of Beta activity in Dissolver, Feed, and
aqueous btrip Solutions

bolution Gross 3 ra f Ru/ﬁ ce B wf | opf
Dissolver |1.24 x 1020 | 1,27x1010 - - - -
Feed 2.0 x 107 1.7 x 109 | 6.6x10° 2,1x107 | 4.3x107 | 5,1x10°
sq. Strip |9.0x10° | 2.5x 103 | 1.3x10> 7% 2.4x10° | 30

. i

The estimated(l) decontamination reyuirements of 2 x 10 for Pa®33 are more
than met by the measured factor of 6 x 106 obtained without adequate scrubbing,
but the factor of 10° obtained for the fission productis is rather short of the
106 required. There are, however, several factors that suggest that another

- fuctor of ten is obtainable.

(a) 1The fisaion product decontaminatlon factor obtained in the kLnQ
precipitation could not be measured because of the great preponderance of Pa2§3
activity in the dissolver solution; however, the low columbium to zirconium
ratio suggests that a substantial proportlon of the columbium is carried on the.
Lin02 and that, although small, some small fission product decontamination could
be expected.

{b) The beta and gamma decontamination factors of 7 and 3 obtained
on further scérubbing the extract from the column indicate further fission pro-
duct decontamination since the majority of the activity present was due to
fission products. The decontamination figures given do not take into consi-
deration the beta activity from conversion electrons from the disinilegration
of U233 present in the beta samples. On the basis of data obtained by Studier,
‘this would amount to about 4000 of the 9000 gross counts per minute in the aqu-
eocus strip solution with a resu%t?nt increase of a factor of 2 or 3 in the de-
contamination figures obtained.

(¢) The tables indicate that ruthenium decontawination is poorest.
This is probably due to the fact that nitrite is udded to tbe feed solution af-
ter centrifugation to make certain any small particles of knQ, which may not
have been reToved will be destroyed before they can plug the column. Ukiles and
co-workers (4) have shown that the presence of nitrogen oxides increases the or-

ganic/agueous distributlon coefiicient of ruthenium. Batch data has indicated

3, " vtudiexr, The hadiation Lpectrum of the Transition U233 __-ﬁ, Th<29 -
' 03-3793°
4, Nhiles and co-workers, kionii-311.
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Table 3.

Specific and Gross Decontamination Obtained in Run C-22

) Mixzed
Process Groes ¥ Gross ﬁ Pg ,@ jo Ce’g Zrﬁ Cb__ﬁ> F.P.
Step btep | Overall btep Overall Step | Overall >tep vtep wtep wtep step
MnOy Ppt'n | 3.5 3.5 | 40 | 4.0 5.0 5.0
, B |
Cotumnt®)  13.2x10% | 1.2x100 |4.8x10%] 1.9x10° | 1.2x10° | 6.0x10% |1.1x107 {€.3x10% |3.9x0% | 3.6x104{ 1.1x107
serub 120 | 3.0 |3.3:a0® | 7.1 | 1.3x07
serub 2020 | 1,1 36408 1.0 | 1.3x107
}

1.

of a scrub plate.

< ~The Sorub tests were made on a sample of extract from the column taeken over a three hour period.

The column was packed with 3/ 16" Fenske helices and gave approximately two extraction plates and one-half
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that the process should seperate ruthenium by a faotor of several tiumes 104
and it is believed that this can be achieved in tke column operation by add-
ing a small amount of urea after the nitrite.

-Table 4 summarizes the results of & batch decontaminatlon test made
with the solutions from run C=22, .

Table 4

Decontaminetion Obtained in Batch Test Using wolutions
: from Rup (=22 '

Volumes Gross B Lross
otep .Feed werub |Orgaunie - | otep QOverall vtep Overall
pxtraction | 1 1 2 €.8x10°] 6.8x103 |7.3x103 | 7.3x0%
Serub 1 0 1 2 6.8 | 4.6x10% 19% 105
%crub 2 0 1 2 1.3 | 6.0x10% | - -

*jlo counts were measured so 4 c/m were assumed for the calculation,

Comparison of the results after the first scrub with those obtained in the column
alone in the run shows correspondence for the gamma decontamination obtained with
definitely better beta decontaminution in the column. It might be of interest

to point out that, contrary to the results often obtained with hexone in the past,
studies with cellosolve have usually given as good decontamination results in
column operatlon as in batch tests,

: The gemeral conditions and yield figures for the run are sumnarized
. below: )

volution compositions,

°

Feed: 5.0 § thorium nitrate, 0.83 i nitric acid, 0. 091 g
UR33/ml, (10° ¢/m/ml).
scrub: 6 N aluminum nitrate, 2 u calcium nitrate, 80 g cal-
cium hydroxide per liter to adjust the pH to about 1.6.
Organic: Untreated comwercial dibutyl cellosolve.
tiream yoluges to the column.

Feed:Scrubsirganic = 1:1.2232.8,
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Distribution coefficients.

Extraction section
U(org/ag) 6.6
Th(org/aqj0.0054

werub section

U (Org/aq) 40 5
Th{org/aq) 0.009

Lxtraction section 4.6 feet
wcrub section 4.1 feet

Thorium separation factor.
1.4 x 103

Pa*33 carrying on MnQ, - 803.

The results of the knO, precipitation were disappointing from the
standpoint of Pa?33 carrying. Only 804 of the Pa?33 was caerried by the knOp
compared with greater than 955 carrying obtained in laboratory studies. The
problem in this case did not appear to be a maiter of scuale up since & labor- .
atory test on souwe of the same solution also gave only about 85» carrying.

Table 5

Yield and Materisl Balance for Run C=22

kg U<33 ]
Feed 3770 . 100
Lirip aqueous - 1 3467 : 92.0
Raf finate ‘ 60 16 “
' Stripped kxtract 3 ' 77 2.0
lkaterial Balance 95.6




~4yB=

_ The recovery based on the feed is rather low but is not a true measure
of the process performance. 7ThLe low material balance which results in-the low
recovery figure 1s due to the holdup of the feed pumping system. lhe previous
run made in the systiem was on low concentration feed, Thus the pumping system
was full of low concentration material at the start of the run and this was re-
placed with the high concentration feed of this run with resultant low material
balance. Taking into account this two or three liter holdup containing 90 milli-
grams of UR33 per liter the materiul balance will be within analytical error of
100, I1f, as a consequence of the feed holdup, we base the yield on the amount
"of U233 left in the raffinate and the totul recovered we find that the recovery
was 98.3%. This loss is the result of the high HE1S obtained in this run since
batch tests on the raffinate showed the distribution coefficient was unchanged
and the residual UR33 was extractable. Previous runs mude since the column pack-
ing was changed from 1/8" to 3/16" Fenske helices have given HET® values of 1.7
to 2,2 feet. The value of 4.6 feet obtained for this run suggests that the chan-
neling which made the 1/8" packing unsatisfactory in the limited heed room avsil-
able for column operations in the 706-C cells may have reappeared with the larger
packing. This higher HETL first appeared during a run in which the effect of re-
cycling cellosolve after a hot water wash treatment was studied. 1t was not
possible to determine whether the increased HETO was due to the accumulation of
crud in the column or to the formation of chennels ac a result of packing settling.

1he column was washed successively with acetone, water, <0z sodium hy-
droxide, water, 8 i nitric acid, and water after the run on the recycled cello-
solve and appeared to give satisfactory results on a re-run of ruaffinate from
that run,but the data from C-22 indicates that the unsatisfactory performance
persicts, & further attempt to clesn the column has been made by letting it soak
filled with concentrated nitric acid containing 0.05 N HF. Determination of the
results of this treatment await the next run. .

Run C-20 - Lellosolve Recycle

Luboratory batch studies indicuted that decontamination factors ob-
tained with dibutyl cellosolve are improved by a factor of five to ten if the
cellosolve used is wushed with water before being used in the batch test. R.
Blanco of Technical Livision, vection 1, also investigated thLe effect of water
washing on reducing substances in aibutyl cellosolve and found that essentially
couplete removal was obtained by washing the cellosolve with several volumes of
water at €0-80° C. These results suygested that it might be possible to operate
columns using dibutyl cellosolve in a cyclic menner by taking the solvent from
the water strip column, passing it through a hot water scrub column and return-
ing to the solvent feed. In order to test this a 13" column containing about
eight feet of 1/4% Fenske kelice packing was set up and the cellosolve from the
strip column washed by passing it through this column counter current to approx-
imately five volumes of water at ca. 50° C. -

after the fifteen liters of cellosolve in the system had been recycled

five times, analysis of the raffinste indicated that the losses were mounting
steadily so the run was completed with fresh solvent. Prelinminary results ob-

tsined in the run are swomarized in Table 6.



Use of Continuous Lolvent Recycle in Dibutyl

Table 6

Cellosolve Process for Recovery of U<33 from Th?32

Time volvent B u<33 in ~HETS
(hrs.) Pass - Raffinate (ft.)
6 1.08 1.9 1.8
12 2,42 2.8 2.8
18 3.75 4.5 3.2
23-3/4 5,05 7.7 4.0

. 3

26-3/4 1 6.9 3.6
29-3/4 1 6.8 3.5
32-3/4 1 5.5 3.0
33-1/2 1 5.3 3.0 |

*Changed to new solvent

The rise in HETS with re-use of the cellosolve followed by a slow

decrease on switching to new solvent is interesting.

Thus far no explsnation

of this effect can be made, nox is it possible to say beyond doubt, from this
data alone, that it was the result of re-use of the cellosolve,
with the re-cycled cellosolve indicete no difference from the new solvent in

the distribution coef11c1ents obtained so the problem seems to be one of column

packing effieciency.

Run C-19 - Effect of Flow Hete on HElY
Run C-19 was made to study the effect of flow rate on HETL; the data

is summarized in Table 7.

Table 7

Effect of ¥Flow Kate on HETL in 706~C Pilot Plant Column

Batch studies

Rates L/hr Extraction & U233 HETS ft.
Feed wcrub volvent Factor Recovery | Extraction oScrub
1.7 1.6 2.8 2,5 o s 1.8 3.7
31\5 302 6-1 207 9795 207 4(;4
4:5 502 900 208 9598 30.3 hinied
! :

[
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It is evident that the column cannot be operatea at rates very much
grester than the 1500 cc/hr. designed feed rate without incressing the HEIS
substantially. 1t is probable that the loss could be reduced by operating at
e higher sclvent to aqueous ratioc, but this has not been demonstrated.

2 UmAry

The pilot plant has been modified to provide standby ye33 production
equipment.

A run has been cerried out on 80 day cooled hanford bombarded thorium
metsl slugs, Decontamination factors demonstrated were: '

gross beta - 1.9 x 106

gross gamma - l.1l x 10

protactinium beta - 6,0 x 10°

mixed fission product beta = 1.1 x 107

with probable increases in all these factors indicated with adequate scrubbing.
The recovery in the run, 98.3%, was a bit low due to unusually high HLTG.

studies of the effect of recirculation of the cellosolve after & hot
water wash and increasing flow rates showed increased HETL in both cases.



s IS

3 §

2, RADIOISOTOPES.

. ‘Radi,ochemicé.l Yeasurements and Standardization (R. T. Overman, /. C. Peacock,
L. R, Zumwalt, L. M, Fry, J. ¥%. Jones, (E. lLamb, on loan from Operations))

o

Flux-Yield Experiments (R. T. Overman, L. . Fry, E. Lamb, J. ¥, Jones)

The activity of this group has centered around two problems. The
first is that of deternining yields for the (n, ') produced activities in
the pile. Approximately thirty-five activities are being studied in this
program with about twelve of them having been done. The calculations on
these are not complete so no: results are being reported yet. The program
consists of performing the following operations on each of the samples:

1. Two samples are irradiated both with cobalt monitor clips on
them, : ' '

, 2. One sample is kent at the pile building and a decay curve is
run on the sample in the can using the Beckman ion chamber that is used for
determination of the activity level for shipping samples.

3. The other sample is brought to the Chemistry Division and a
gross decay curve is started on the sample. This will make a record of
.short-1lived impurities that may be present.

4. The sample is purified chemically and a decay curve is started
on the purified sample to detemine its characteristics.

‘ : 5. Absorption curves are run on the purified samples and yields
are calculated. - . .

6. The cobalt monitor clip is measured in'the pressure gamna chamber
and the total integrated flux which the sample was in is calculated.

7. Fron these dala an effective pile cross section is calculated.
These numbers will be reported as n.which is the neutron density in the
pile at the position of the sample and & ¥ which is analogous to the pile
‘reaction constant, These concepts are developed in a memo (Jones to Overrian,
Novenber 1447). ’ .

_ The Operations Division is cooperating with us in this program
and has loaned us the services of !r. Laub to assist in the preparation of
the data. 'ir. Lamb will then be in a position to take the data back to the
Operations Division and will know its value and its limitations.

The second activity which has engaged the attention of this group
has been the flux monitoring program. As has been indicated in previous
‘auarterly reports; we have had clips made up which fasten on to the outside
of the can, The same clip may be used inside of a rabbit for a determination
of the flux of the rabbit although many determinations have given extremely
consistent results of the flux at the rabbit position, As is given in the \
report of the measurement of the pile flux, (“on C=~398), the rabbit neutron

| ’ _
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density is 0.71 n/cm3/watt and the flux (nv) is 1.56 x 10° n/em?/watt. We
have corroborated this with a number of gold measurements made during this
quarter. From these measurements we have calculated the weight of cobalt
in the monitor alloy. '

The. flux may be determined from the monitors nnow by irradiating
one of them along with the other material being studied. After a suitable
length of time the monitor is placed in the pressure ionization chamber and
the ionization current is measured. This time is of the order of five days.
This is made necessary by the fact that the alloy hss in it a certain
percentage of Mn which gives a 2.56 hour half-life and is useful for short
bombardments. The alloy also contains some sodium activity which was intro-
duced inadvertently in the melt. These activities decay away to negligible
- proportions in about five days. The flux is then calculated by using an .

equation of the form -
Ry x v x K

£ =
8

where £ is the flux in neutrons/cm?/sec

Ry dis the number of rutherfords per volt of cobalt. This is a func-
" tion of the scale on which the measurements are read.

v is the number of volts per gram of monitor alley and is read on
the ion chamber potentiometer -

K is a constant containing in it the number of atoms of cobalt per
*  gram of monitor and the cross saction of cobalt

= {h). N

‘s is the saturation factor (1 .- e

All of these terms are known for the particular instrument which
is now in operation and for the alloy now being used with v being the
variable. We will be glad %o make samples of this alloy available to any-
one desiring to make such & measurement. Such a measurement and calcula-
wion takes a matter ¢f minutes and it is hoped that all those making
irradiations will make use of these clips, It is hoped that all samples
going into sample stringers in the pile will be routinely measured in the
rear future., ' :

. Some of the results of studies made with these monitors are given
ir the following table. The table includes the stringer position, the
flux, as reported in Yon C-398, and the ratio of the flux at the stringer
position compared to the center flux, calculated from the curves of H. Jones
in CP-2602 using the average power level of the month's bombardment and
the flux as measured with the monitors.

It is seen from the table that while the curves of H. Jones pre=
.dict smoothly varying vflux from. one position to the other, such is not the
case. In section 13 H positions there is a plus and minus variation of
tiie .order of 15-20¢. The varistion of flux with time at these positions

is under investigation.
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Stringer : . Flux Calculated o Flux Meaéured 525191
Position (A1l values x 1034) - (A1l values x 1011) fmeas.
13 H 21 LT bob3 1,07
13H22 boTh boh9 1.06
23 4.83 - 405 1.19
2% 4.83 |

25 4.83 ’ 4048 1.08

26 4.83 LT 1.06

27 476 531 . 1.10

28 .85 b.42 ' 1.10

29 485 3.9 1,24

% 485 L 112

n 5.03 s 1.0

32 ©5.03 5.0 1.00

13 G 17 | 2.92 - 3,13 0.93
18 3.01 3,26 0.92

19 (3.10) Est, 2.8 1.08

20 (3.20) Est. 2.6 1.39

13K 3 LoBA . 4.30 1.13
o, B L 4.25 | 1.12
24 A 17 3.98 4,12 0.97
18 ' 4.07 4.20 0.97

21 42 | 44O 0.97

23 Ledh - L.76 0.91

24 Lod3 .90, - 0.90

26 4,61 | b9k 0.93

we s 7.03 | 7.98 0.88
8 7.03 7.75 !

Avg. 1.04
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_ Other work that has been done has been the determination of the
cross section of FeSl4 from various samples that have been irradiated in
the Clinton pile and at Hanford. The X-ray measurements have been made
by R, G. Fluharty of '{, I. T. Some irregularity is noted in the various
measurements. In the first set the Hanford flux was détermined by the
ratio of the Fe5? and the Fed> in two samples that had been irradiated in
the two piles, From this ratio the cross section was calculated for the
long~lived isotope with the calculation giving a result of about 0.8 barns.
On the second sample the actual number of megawatt days at Hanford was
used in the calculation, This gave a cross section of about 1,6 barns. It
is obvious that more work will have to be done on this problem. On the
irradiation mentioned last, the ratio of Hanford to Clinton flux was found
to be only about 10. Some work seems necessary in the determination of the
-flux used in such irradiations before such calculations will be highly
significant. The corresponding value as determined by Pomerance in the
pile oscillator was 2.4 barms. '

Beta NRay Standards and 'feasurements (L. R. Zumwalt)

A second comparison of the determination of the disintegration
rate of radiophospiorous by absolute beta counting and by calorimetric mea-~
surezent was made, This comparison was marked by a greater certainty in
the accuracy of the calorimetric measurement and by an independent absolute
beta count determination through the use of a recently acquired National
Bureau of Standards radium D-E standard where the procedure recommended
" by the Bureau was followed. The results obtained were:

\

‘Method . Disintegration Rate (d/s) Per <cent Deviation
at a given reference time from Average -
(with estiaated probable
error) ’

1. Use of Calibrated _
G-M Tube with our 7.9
usual techninue

i+

0.17 x 108 ‘ £1.5

2. Calorimetric lfea~ o 8
surement and average 7.73 £ 0.10 x 10 -0.6
energy of 0.700 Mev ‘ ' o
(by Cannon & Jenks) o

3. Use of NBS RaD-E Std.  7.64 * 0.17 x 108 -1.8

7.83 £0.17 x 208 0.6
Average 7.78 x 108 ‘

Three radium D-E secondary standard sources were calibrated and
sent to the National Bureau of Standards for interccmparison. The sources
were prepared by evaporating a few lambda of carrier free RaD-E-F solution
on a small square of 2.5 mg/cm2 polystyrene film centrally disposed on and
cemented to an aluminum card, the dimensions of which were 2" x 31" and
220 mg/cm2 thick, The backing of this source was found to increass the



extrapolated counting rats by 26% while the coveringvincréased the counting
rate by another 3%.
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The results of the intercomparison are given below:

RaE Std. d/m Determined d/m Determined g
. by Calibration by NBS Difference
#1 - 10,520 - 10,360 . 1.6
#2 990 9,620 3.3
#3 | 10,780 | 10,620 | 1.5

‘A study was made of the absolute beta counting of 10 mg/cm2 gold
foil in an effort to aid in the determination of the neutron flux in the
experiment of Snell and Miller on the half-life of the neutron. It was found
that the net effect of self-scattering and self-absorption by the gold foil
was that of increasing the extrapolated counting rate (source 2 cm from a
30 mm diameter end-window G-M tube) by 41% over the counting rate which the
same gold activity would give if the source were "weightless"

In connection with studies of the effect of beta particle scattering
on the counting rate of radicactive sources, a series of forescattering and
bacgscatterlng curves have been obtained with various beta particle sources
(Co 1, RaE and P32) Tor feils of various thickness and of materials of

. at.oml.c numbers ranging from Z = 4 to 82, Recently, a series of absorption
curves were taken of Co®0, RaE and P32 sources mounted on 50 «g/cm? Formvar-
polystyrene laminated films with no backing and alsoc with a backing of thick
plates of material (which give saturation backscattering) of atomic numbers
ranging from Z = 4 to B2. These data are to be used to determine the effect
of backscattering by thick materials of various Z in increasing the extra-
polated counting rate and also to determine the abscrption curves of back-~
scattered radiation. It is found in connection with the latter that back-
scattered radiation is less degraded in energy, i.e., the absorption curve
of the backscattered radiation--which in general, has a greater slope than

“that of the unscattered radiation--becomes more nearly similar to the curve
of the unscattered radiation, the higher the Z of the backscattering material.
Thus, in the case of RaE with a lead backscatter the absorption curve for

the backscattered radiation has almost the same slope as that for unscattered
radiation, while with an aluminum backs:atter the slope of the absorption
curve is about twice that for the unscattered radlatlona

A formula for the solid angle subtended by a circular disk at any

given polnt P, has been derived as an expansion in even powers of /9/R
"where /© is the perpendicular distance of the point from the axis of the disk,
arnd R is the distance from P to the center of the disk. This has been de-
rived so that the geometry of elements of the arsa of a2 source which are

not on the axis of an end-window G- tube may be calculated. This will be
included in report Mon C~397 which will give a detailed discussion of much
of our previous work on beta countlnn and the effects of beta narticle

. scattering.



Recently an intra-laboratory check has been made on an 113
sample. The results obtained are given in the following table:

56

tethod of Determination Activity
mc/ml

Beta counting by production 3.7
laboratory

Use of calibrated ionization 3.45
chamber (RTO)

Use of calibrated G~ counter 3.43
(IRZ) :

The fragtion of positrons emitted per disintegration of 2nb5 was
determined. A Co O source was used for compatrison together with data on
. the relative counting efficiencies of gamma rays as a function of gamma
ray energy in the case of a copper cathode G-!! counter. The determination
gives & result of 0.028 * 0.005 positrons per disintegration of Zn65,

A report has been prepared by L. G. Fry on the preparation of

ultra-thin films for low scattering-mounting for sources.

Decay Schemes: Summary of All Spectrometer Data to Date (W. C. Peacock,
J. W. Jones and R. T. Overman)

7025, A new value was obtained for the positron endpoint. The
value of 0.32 * 0.01 Mev replaces the former value of about 0.4 Mev which
was given in a private communication from DuBridge and his.group as a re-
‘sult of cloud chamber measurements.

cslh (3 h). Highly converted gamma ray of 0.150 * 0,03 Mev going
to lower state (Cs 2 y). The alternate transition from Cs (3 h) to

~ ground state is now being studied.

Csl34 (2 y). Gamma energies of 0.610 % 0.02 and 0.799 % 0.02 Mev
compared with values by Sisgbahn and Deutsch of 0.584 * 0,012 and 0.776 *
0.015 ev. The beta ray maximum was found to be 0.635 * 0.02 Mev -as com- -
pared with the value of Siegbahn and ™. Deutsch of 0.645 % 0,02 Mev.

cof0 (10,7 m). A gamma ray energy of 0.056 * 0.003 Mev to the
ground state of Co® (5 y) repgrted by Deutsch, Elliott and Roberts has
been checked. The decay -of Co®0 (10.7 m) to Ni directly has been found
to be by a beta ray of 1.56 £:0.07 Mev followed by a gamnma ray of 1.32 %
0.03 fev. The values previously reported for the beta are 1.25 % 0,06 by
Deutsch, Elliott and Roberts and 1.35 % 0.01 Yev by Nelson, Pool and :
Kurbatov. Both used spectrometers for the beta ray determination, The
gamma ray energy was determined by Nelson, Pool and Kurbatov as 1.5 2 0.2
Mev by absorption in lead. :




co®0 (5 ¥). The gamma ray energies were found to be 1.16 £ 0.02
and 1.30 # 0,02 Mev. Theyv had previously been determined by Deutsch,
Elliott and Roberts to be 1.10 % 0.02 and 1.30 % 0.02. They were also
given by L. C. Miller and L, F. Curtiss as 1.16 and 1.32 Mev.
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Sch6. This was found o have an isomeric state of about 24 m _
half-1ife. ‘Its radiations are being studied.

Schb (85 d). The gamma ray energies were found to be 0.89 &
0.02 and 1,11 % 0.02 Mev. They had previously been measured by A. “Miller
and ', Deutsch at 0.90 % 0.02 and 1.12 £ 0.02.

Bi210 (5 d RaE). The spectrum was compared in shape with that
of T1206 (3.5 y). The Tl isotope has a Kurle plot that is straight from
the endpoint at 0.770 * 0,015 Yev down to below 150 Kev energy (corrections
due_to window absorption have not been made), while, on the other hand,
Bi210 does not have a straight Kurie plot as has been pointed out by many
previous observers. We confirm the energy maximum at 1.17 Mev for Bi210,

P? (14.3 d). We agree with K. Siegbahn that the Kurie plot of
P32 is straight from below 150 Kev to the endpoint at a maximum energy of
1.715 * 0.005. (Our value) ‘e have found the averaze energy to be 0.701
+ 0.007 dev,

Khz (12.4 h). e find the beta spectrum complex, having endp01nts
at 3, 60 0.05 and 1.9 * 0.1 Mev and a ganma ray of 1.50 £ 0,05 Yev in
agreement with Siegbahn's more accurate value of 3.58 * 0.07 and 2.04 %
0.07 Yev for the beta rays and 1.51 !fev for the gammas. Our source thick-
ness for the beta counting was too thick to make an accurate estimate of
the relative abundance of the two beta groups but Siegbahn's value does not
seem to be unreasonable.

-

Prlhz (19.3 h). This isotope was studied because the beta ray
shape was reported to deviate apprecisbly from a straight line Kurie plot.
The spectrum was found to be complex explaining the deviatlons= There
appear to be three beta rays with the maximum being 2. ,23 X 0,05 Hev in
reasonable agreement with the value of 2.14 * 0.02 found by De'lire, Pool
and Kurbatov. They also report a 1.9 Mev gamma ray associated with this
isctope having an abundance of about 4%. Our preliminary results indicate
tha*. there are gamma rays asacciated with about 18%f of the disintegrationg--
wvnre of about 1.3 "ev, the other of about 1. 65 "lev. They are not in coincidence,

Cal*d (180 d). Found to have a beta ray endooint at 0.248 % 0,010
fev, No gamma rays were found.

celdh (275 d), Pribb (17.5 m) prlik is the daughter of Celil
and the two were in equilibrium throughout _the measuremnents. P has a
bsta ray maximum of 2.99 ¥ 0.05 Mev with a ‘straight Kurie plot and Celld
_has a bets ray maximum of 0.302 £ 0.010. Conversion electrons are observed
at 0.075 * D.005 Hev and at 0.117 & 0.05 ‘{evo Work on these isotopes is.

continuing.

cubk (2.8 h). The ratio of negatrons to positrons was found to
be 2.08 * 0,04 in good agreement with the value of 2.1 by H. Bradt, et al.
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We are in reasonably good agreement with the endpoint energies of Tyler
{or the negatrons and positrons., Our values ared~ 0,570 £ 0.010 Mev
and £*0.644 * D.010 as compared with Tyler's values of 0.578 £ 0.003 llev
for the negatron and 0.659 % 0.003 fev for the positron.

Eu (lLong-lived isotopes). Uhreported.work is also in progress on
the long-lived isotopes of this element.

Rh106 paper is in print in Puysical Reviews which gives the
decay scheme of the 30 s daughter of RulO (1 y).

The following disintegration schemes are being worked on by
%, C., Peacock in collaboration with A. R. Brosi and A. D. Bogard:

Xe235 (10 m). This isotopes decays bv isomeric transition with
the emission of a 0.524 & 0.010 Mev gamma ray. Previous values by lead
atsorption range from O. 5 to 0.6 Mev, ¢ . g

59}35 (9.2 h). Decays by a 0.93 ¢ 0,03 Yev beta ray followed by
a 0,247 * 0.003 lev gamma ray. These values all agree well with previously
determined values in the fission product table which has been published in
the open literature.

1135 (6.7 h). This isotope has a complex beta spectrum with end-
points which seem to be at 1.40 (25%), 1.00 (40%) and 0.47 (35%) and at
least two gamma rays at 1.27 aad 2.00 Yev. The average energy per disinte-
gration of this chain including the isomeric state in Xe 135 is about 2,11
ey, These 1195 values are all tentative and work is still in progress.

1133 (22 n). The gamma ray previously published in the fission
table as having a gamma ray of 0.55 lev by absorptlon in lead was found to
have an energy of 0.528 % O. 010 Mev.

_ Two activities in erbium have been studied by B. H Ketelle and
~. C. Peacock:

Erib9 (9.4 * 0.2 d). This is founo to emit no ganna rays and has
a beta T8Y endpoxnt of 0.33 £ 0.01 Mev.

Exrl?l (7.5 £ 0.2 h). This is a beta emitter which has been as-
signed to Erl7l gince it decays to Tml71 which has a half-life of 500 %
100 d. Eri7l has three alternate modes of beta decay. 71 % 5% of-the
betas have an energy of 1.05 ¥ 0.03 Yev and are followed by two gammas of
0,305 = 0.010 and 0,113 * 0.005 Mev in cascade, The 0.113 Mev gamma ray
is highly converted and has & half-life of 2.5«seconds according to
DeBenedetti and McGowan. 6 % 1% of the betas have an energy of 1.49 * 0.05
Mev and decay directly to the ground state of Tm. 224 of the betas have an
energy of 0.67 & 0.03 Mev and are followed by a 0.805 z O. 02% ‘Mev gamma.




Analysis of Rare Earths from Canadian Pitchblende: (H. W. Kohn, J, A, Swertout)

=50

I. Introduction:

A rare earth fraction from the process for recovering radium .
from Canadian pitchblende has been examined to determine its usefulness as
a source of europium., The sample analyzed was obtained from the Radium
Refinery of Fldorado Gold Mines, Ltd., at Port Hope, Ontario.

I1. Analytical Procedure and Results:

. The analysis of the rare earth fraction was made using a high
temperature (1000 C) Dowex 50 cation-exchange column to achieve separation
of the rare earths. The cations from an HCl solution of 30.6 mg. of the
rare earth oxides, including 10 mg. activated in the pile, were adsorbed
on the column and eluted with ammonium citrate-citric acid at pHe 3.0.
Fractions of the eluant were collected, the rare earths recovered, weighed
and analyzed spectrographically to identify the individual species., The
results are shown in the following table. ,

Analysis_of Rare Earth Fraction from Canadian Pitchblende

Fluant Weight

. Fraction Milligrams % Total Iu ¥Yb Tm Fr HoY Dy Tb_Gd Fu_ Sm Nd
1w | W : ; ‘ :
2% } 0.8 2.8 wWiNm i i
3 M
L* 0.9 3.0 w M T T
S5# - 0.9 3.0 M{ W
6* 11.2 36.6 ; s M
(A 5.1 16.7 i VS M| FT
8 0.5 1.6 , ‘ T FT |
9 <0,3 <1,0 ' ' ' T
10 1.4 4.6 M| M| M
11 1.2 4.2 W| M
12 0.9 3.0 M| W
i3 1.2 3.9 : MlwWw| T
4% <0.1 <0.3 FT
15 - 0.4 1.3 Vs
16% 1.0 3.2 Tiw| T
: 17 4a9 _-:_1'600 { . W VS
31.1 mg. 101.3%

* Fraction shows activity
JII. Conclusion:

Because of the experimentsal error involved and the relative in-
sensitivity of the europium lines, more than an approximation of the europium
. content 1s probably unjustified. Europium appeared in the eluant from the
col chiefly in FractionslO and 11, constituting about one-third of Frac-
tion and most of 11, or a total of about 1.7 mg. of the 31 mg. of oxides re=
~ covered, This corresponds to about 5% europium in the rare earth fraction
from Canadian pitchblende. The major rare earth constituents are yttrium,
neodymium and dysprosium with yttrium comprising greater than 50% of the mix-

" ture. ' I




The Removal of Plutonium from Fission Products: (H. W. Kohn, J. A, Swartout}

I. Introductiont

The present ion-exchange processes for the separation and iso-
lation of fission products do not reduce the plutenium contamination vo
the maximum level permisasible for shipment outside of the Atomic Energy
Commission., This maximum level is now conslidered to be 0.01 ug of Pu per
ml. of soiution. Since the production procedures involve the readsorption
of the separated species (i.e. rare earths; zirconium and columbium) on -
cation~exchangers for metathesis to some readily usable form and for vol-
ume reduction, it would be convenient to remove the Pu contamination in
conjunction with these steps. Furthermore, there are now on-hand large
amounts of fission elements rendered unavailable to non-project users by
their Pu contamination. Therefore, it appeared desirsble tc seek s simple
ion-exchange separation which could be included in the present productioa
process and could also be applied to th@ removal of Pu from existing fission .

element preparations,

II. Experimental:

!

The general procedure used for the exploratory studies was the

adsorntion of the fisalon elements Soncerned and the plutonium on a cation-

’. ~ exchange column followed by a determination of the separation @ffected by
various eluting egents. Since the plutonium is contained in citrate or
oxalic acid solutions prior to readsorption, with the result that the form
of the plutonium is uncertain because of possible complexing, polymer forma=
tion or equilibria between valence states, this type of experiment seemed
more applicable than equilibrium experiments,

A, Separation of Py from Ce: Plutonium and CelLA were adsorbed from
a citrate solution at pH 1. 1.3 on eight 50 em x 0.6 em diameter columns, 4
of 70 mesh Dowex 50 and 4 of 4O mesh Amberlite 1R-I, The effluent frac-
tions were at first evaporated and transferred to platinum plates, but the
loss of Pu due to adsorption on glass and/or spattering subjected these
results to considerable doubt. Therefore the [aF: precipitation method
was used, which, since it carried the Ce activity also, could be used to
determine both Pu and Ce,

Two of the eluting agents used (3%HCp0; - NH,OH at pH= 3.0, and

2.5% HCp0, = 2.5k NH 1) showed little or no separation of Pu and Ce. Five
percent citrate atpid=3 and 1% NH HCO4 gave inconclusive results due to the
analytical method then in use. Apparently no movement of the activities
was obtained with these, Oxalic acid (5%) moved most of the plutonium
without moving the cerium, but the rate of movement was slow, so an inter-

mediate pH (1.25) was tried on & 13 cm Amberlite 1R-I colwm. Although
this showed a poor separation, & column 50 cm long would be expected to

give a decontamination factor of lOuNa4P207 and 9% NaHCO3 eluted most of the
cgerium with very little Pu.

. An examination of the elution curve for 5F H,020, on an Amberlite
1R-I column indicated that the Pu might be present in mors than one form,

'-




the larger part (92.5%) being eluted by the HxC20,, the rest being eluted -
,with ANHC1. : ‘

61~

<

ITI., Progrem:

The possibility of the presence of more than one state of Pu
complicates the problem, 4 procedure using NaHCO3 or Na,P.07 to elute
cerium followed by a second readsorption cycle to effect further decon-
tamination and concentration appears promising. The study of complexing
agents and variation in conditionswill be continued.

I3
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Preparation of Radioisotopes dJf High Sgebifié dctivity: (H. M. Rice, J. A, Swartout )
I, Cahd .

A, Introduction:

- The problem of producing ca45 of sufficiently high specific
activity to satisfy biological research requirements has received, and is
now receiving, considerable attention., The Operations Department of Clinton
National Laboratory is now developing the TTA sglventwextraction process of
A. Broido and P, C. Tompkins for extracting C44?, produced by an (n,p) re-
action on u045 from the scandium, 4s will be pointed out, this process has
the disadvantages of (1) low yield, (2) necessity of handling very high
levels of Sc4b activity, and (3) requires the use of a major portion of
the supply of scandium. To clarify the rclative merit of verious possible
modes of production of satisfactory Ca45, a comparison was made with em-
phasis on the Sc (n,p) process and the use of enriched Ca

B. Comparison of Modes of Production:

Three general neutron irradiation methods are available for
the production of Ca%> of higher specific activity than that obtained by -
bombarding calcium in the Clinton graphite pile; (1) irradiation of natural
calcium in the Hanford pile, (2) the S¢45 (n,p) reaction in the Clinton or

. Hanford piles and {3) irradiation of enriched Ca%% in the Clinton or Han-
ford piles. A detalled comparison of the specific activities obtainable
by these procedures, the amounts of target nmaterial required and advantages
or disadvantages of each process is given in CL-JAS-12 (CNL Central File
No. 47-11-265). Because of the cbvious difficulty of transporting and hand-
ling a sample of Scp03 bombarded at Hanford,(containing -+ 90C Se¢“® per gram),
comparison was made between production of Ca by the So (n,p) reaction in
the Clinton pile and by irradiation of 50% Ca%“ at Hanford. According to
available data, the present suprly of Scg03 of 30 gms, which constitutes
a major portion of the world supply, would producg 5 mc of Ca%5 in 180
days. Associated with this would be 180 C of Sc For the production of
an equal amount of Ca%3, 5 mg. of 50f Ca4é would suffice with no subsequent
chemical processing required yielding a product with a specific activity
of about 950 mc per gm. Ca.

C. Conclusions

After consideration of these comparisons, the recently or-
ganized Steering Committee for Radioisotope Reszzrch and Development de-
cided to initiate efforts to obtain enriched Ca“4 for bombardment at Han-
ford. The Sc (n,p) process will be continued to suppiy immediste needs or
requirements for very high specific activity. It is expected that the
specific activity of about 250 me/gm Ca obtainable by irradiation of nat-
ural Ca in the proposed high-flux pile will be satisfactory for most users.

’ 11, Fe’9
A. Introduction:

For many uses, particularly in biological resaarch the
Feo9 produced by irradiation of iron in the Clinton pile is of too low




specific activity (0 3 - 0,6 me/gm Fe) and, in addition, is undesirable
because of its 4y Fe55 content., The former defect is alleviated some-
what by irradiation of the iron in the Hanford pile which increases the
specific activity sbout 15 fold: the 4y Fe55 is, of course, still present,
The Operations Department is also investigating the Co59(n,p) reaction
utilizing the TTA solyent-extraction process of A, Broido and ©. C. Tomp~-
kins to separate the Fe59 from the cobalt., This process pqssesses the
disadvantages of the Sc (n,p) process discussed above. As in the case
of Ca%3, a comparison was made of the various modes of production of Fe59,

especially with respect to the biological requirements of high specific
activity and freedom from Fe55,

B. Comparison of Modes of Production?

Four generazl neutron irradiation methods are potentially
capable of producing Fe59 of higher specific activity than that resulting
from bombardment of iron in the Clintcn pile; (1) irradiation of natural
iron at Hanford, (2) the Co5%(n,p) Fe59 reaction, (3) irradiation of en=
riched Fe58 and (4) utilization of the Szilard-Chalmers reaction on fer-
rocyanides., Comparisons of these are given in CL-JAS-13 (CNL Central File
No. 47-11-265), On the basis of the data presented, it agpeared that only
the Co (n,p) reaction and the jrradiation of enriched Fe53 at Hanford
would produce satisfactory Fe99, If 15% Fe58 containing 3% Fe54 is bom-
barded at Hanford for 46 dags, the product contains 255 mc Fe5? per gram
of iron and less than 14 Fe25. Whereas 182 gms. of Co would be required
for the prodnction of 1 mc of Fe5% in the Clinton pile, 4 mg. of 15% Fe58
would produce an equal amount in the Hanford pile and without the necessity
of handling high levels of CoGO activzty

C. Conclusion:

In view of the availability of enriched Fe38 and the ad-
vantages of 1ts use &3 a source of Fe in comparison with the Co (n,p)
process; the Raediolsotope Research Steering Committee agreed to utilize
enriched Fe58 for the preparetion of high specific activity Fe59 and dis-
continue work on the Co (n,p) process.
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lon-Exchange Seperations: The Separation of the Fission Products in the Presence
of Uranium (S. W. Mayer, E. R. Tompkins and G. E. Boyd)

In the radioisotope production program for the preparation of ihe:
fission product activities, one kg uranium slugs are dissolved in a slight
excess of boiling mitric acid (2.5 liters). After a ten-fold dilution of
the dissolver solution, the extraction and separation of the cationic fission
products is conducted by use of a series of ion-exchange columns. In view of
the recent improvements in the understanding of these matters, it was decided
to exanine the possibility for the bsttering of these operations. :

It is planned to test several procedures. One of these upon which
some resulta are available is the following: One gram of uraniun nitrate was
dissolved in 2.5 ml of dilute nitric acid and then a mixture of fission products
which had decayed for one week was added., The solution was passed into a six
grae bed of exchanger initially in the sodium form.,  The uranium was acsorbed
completely. A small volume of water was then used to wash out the anionic
fission products, consisting chiefly of ruthenium. Then, a 2% sodium {luoride
solution adjusted to a pH of 12 was used to differentially elute the zirconium
activity. The degree of alkalinity was sufficient apparently to hold back U(VI),
whereas the fluoride lon served to retard the desorption of those elements which
form insoluble fluorides and do not give complex ions. Next, a 17 ammonium bi-
carbonate solution, 0,02 M in {fluoride, was used to elute the uranyl ion,
Subsequently, twenty per cent citric acid solution of pll = 2.5 containing C.02 ¥

. fluoride was used to elute the Cb, and then 10% citric acid at a pH of three was
enployed to elute the Y, dl, Pr, Nd, Ce. Finally, a 20% citrate solution at a
pH = 6.0 was used to ramove Sr and Ba and generally to clean up the column.

_ One intgresting observation was made incidental tc the carrying out
of the foregoing sequence. In the step in which Lhe occluded anions were
washed from the bed with distilled water, it was found that the continued
passage of the water (pil = 6.4 to 6.8) caused a yellow, uranium-containing
compound to be washed out of the column. Possibly the precipitate may have
been uranic acid formed by the hydrolysis of the adsorbed uranium.
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Betadlketone Extractions: (A. Broido, P. C. Tompkins)} P. A, CX1-24.

Introductions

During the past quarter work has progressed on practical pro-
cedures for the preparation and purification of various isotopes. A
sample of Be’! has been separated from a lithium cyclotron target. The
extractability of strontium with TTA has been determined to check the
possible use of this extraction to separate calcium and strontium. A
few microcuriss of carrier free Fe59 have been extracted from a pile -
bombarded cobalt sample. Work has continued on the separation of the
65 day fission product zirconium and its 35 day columbium daughter from
each other and from other fission product impurities present,

Zirconjum - Columbium Separation:

Further work on the determination of the zirconjum species in
agqueous solutions has been discontinued, sin?e this problem is being
undertaken on a full time basis at Berkeley. 1}

Since the fission product Zr={b solutions available at ’linton

Laboratories wers 0,5% in oxelic acid, an attempt vas made to separats.

. these elemerts from oxalic acid sclutions. It was foun? 3hat. when the

. 0.5 oxalic acid solution of a 6 mo. old Zr-Ct fraction(?)yas diluted
with an equal volume of conc., HCl, three extractions of the aqueous phase
with equal volumes of 0.5M TTA in benzene reduced the gzirconium in the
aqueous phase to 1less than 0.1% of its original value, The aqueous phase
contained several activities in addition to the 35-day columbium isotope.

The agquenus phase was fumed repeatedly to near dryness with
HNO, to destroy the oxalate;and the columbium together with the rest
of ghe zirconium were extracted with cupferron~-chloroform fror? ?N '-:HC.I(QB )
- Remaining in the aqueous phase were the following radiations; 4

Conversion electrons - 90 Kev and 120 Kev
-rays = 0,14 Mev, 0.5 Mev, 1.2 Mev and >2 Mev
Y ~rays - 0.6 Mev and 0.32 Mev,

None of these radiations followed rare egg,hs, alkaline earths,
or ruthenium in the radiochemical analysis scheme,

Further work is being done on the separation and identification
of these activities, and a report will be issued upon completion of this
work, . ‘

Preparation of Fe 59,

an attempt was made to separate some carrier-free I"ess9 from pile

‘ {1} GConnick, R.E, - perscnal communication.
{2} CC-2827 .
{3} cC-2009

(4; Spectrometric determination by W. C. Peacock.
(5) Reynolds, S. A. - personal communication.




bombarded cobalt., A cobalt sample (2.7 gm Co 04) was dissolved in HC1,
the excess HCl evaporated, and the CaCl, dissolved in 25 m1 0.05M.HC1.
This solution was then shaken for ~~24 hours with an equal volume of
0.2MW TTA-benzene solution, The benzene phase was washed several times
with 0.1N HC1 and the Fe59 reextracted into 5 ml of 6N HCl. The yield
- (~v2.5 uc) compafg? favorably with that calculated from the determi-

nations of Irvine'\“/and a Jg - ¥ coincidence detergination by Peacock
indicated that the sample dontained less than 10% Co®Q impurity. When
analyses are complete a report will be issued on this work.

Extractability of Strontium with TTA:

Since a procedure was desired to remove calcium impurity from
strontium eamples, the extractability of strontium with TT4 was deter-
mined. As was expected, strontium is even less extractable than calcium.
The accuracy of the value for Kg. is not too high since strontium does
not extract until the pH ( d Eerefore, ionic strength) is quite high.
Further, fission product Srf? . 5r%0 was used for the determination and
it was necessary at all times to correct for the Y90 present. The ex-
perimental results are tabulated below,

wbbome

, Table I

Extraction of Strontium with TTA

-

Conc. TTA PH ‘ (SrTB Keq
in Q6H6 ) 'zg;jz—
0.4 N ' 7.5 0.68 . 11x10=33
0.4 M 7.55 - 0.44 © ogx10718
0.4 ¥ 7.7 0,85 730" 9
0.2 M 8.3 2,1 . - AU5x10- A5

ave ox10-1%

# JTonic strength here is high, i.e. u = 0.3.

Preparation of Be7

A sample of Be7_has been separated from lithium and impurities
for use by Dr. Bolomey of the Blology Division. A report on the separ-
ation is being writtem in co-operation with Dr. Bolomey and it wonuld be
useless repetition to give all information here, OSeveral points of
interest may, however, be mentioned,

It has been found possible to separate pure Be’/ from cyclotron

borbarded lithium with TTA. Unfortunately, the beryllium reextracts from
the benzene phase at an extremely‘'slow rate = one week's shaking with

concentrated HC1l extracting about 80% of the Be7 activity°

(6) Memt-132,. . - . AR -




' The purification was finally accomplished usiag acetylacetone
instead of TTA and reextracting into oxalic acid. The rate of re-
extraction from acetylacetone=benzene is much more rapid than from TTA -
benzene. In checking the. distribution of Be’ in this process, &n
interesting observation was noted. When an aliquot of the benzene °
phase was pipetted into a capsule and allowed to evaporate at room
temperature, the Be? activity disappeared as the solution evaporated,
This result was not predicted by us from the characteristica of ?agro
quantities of beryllium acetylacetonate given by 4arch and Young. 7

&7~

{7) Fernelius, W. G., Inorganic Synthesis, Vol, II (1946)., -
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Dependence of Cross Section of Yenonll? on Rners- of Meutrons (A. D. Boeard
A. R. Srosi, S. Freed, . V. Yehert, #. 7. Parker, . ™. Ruch with S.
Bernstein, .J. Dial, !. ¥. Shaniro and . P. Stanford of the Physics
Division) , "

=S

Spectrometry

The performance of the spectrometer and counting equipment is
gatisfactory., Also, satisfactorv is the rerroducibility in the nositioning
of the xenon holder in the neutron beam. The spectrometer has been
calibrated for hirher order reflections and their contributions to the
intensgity in the repion between 0.0l and 0.03 electron volts will be
‘taken into account. T ‘ '

Computations have been completed for determining the optimum
transmission, that is the optimum thickness of the xencn sample in the
- path of the neutron beam.

Chemical Processes

Introduction
‘ In the work of Borst and co-workers on the cross section of
Xel35 as u function of neutron enerpy, fission product iodine was re-
covered and nrecipitated with carrier iodine as Pdl;. After growth of
the Xel35 daughter, the Pdl, precipitate was used as the absorbing sample
in the cryvstal spectrometer.

Their process for recovery of fission nroduct iodine consisted
of dissolving the uranium metsl in HCl, oxidizing Ut 4o Uoz"‘2 with
concentrated MapCrpO7 and distilling off the iodine into a PdCly solution
saturated with 503, PdIp nrecipitated when the SOy wus removed by boiling.

Very errnotic results have heen obtained in attempts to repeat
this process, The work done in order to get concistentlv hiph vields
ig reported here. Fssentiaslly the s.ime process has heen nsed, the most
important medification beins more precise control of the oxidation step.

Vxnerimental

The reaction vessel wag a three liter flusk with nine stundsard
taver necks. Into these necks were fitted (1) a reflux condenser,
(2) a Pt electrode, (3) a saturated KCl salt bridee, (4) a thermocounle
‘'well, (5) a tungsten electrode, (6) a stirrer, (7) (8) and (9) cavillary
tubes for the addition of various oxidizing und reducing solutions. The
flask was mounted in a glvcerine bath on a hot plate so that iodine could
be disgtilled out. '

In order to follow the oxidation reaction the notentisl of the
Pt (U¥h, 10,42) electrode with a suturated calomel reference electrode
was measured using & continuous reading vacuum tube voltmeter which drew
10-9 to 10"'1O amps. In some of the later work, tungsten was used as a
reference electrode in order to elimin.te nse of a salt bridge.



In order to determine iodine yvields :nd study distillation
rotes, 1 to 2 mc of I131 tricer was used. The ¥ radiation was detected
and recorded using & counting rate meter., In different experiments the
=11 tube wns located in order to determine the change in the amount of
iodine (1) in the reaction vessel, (2) in the vapor over the solution,
(3) in the reflux condenser, and zh) in the receiving flask.

6

Solution of !ranium etal

Tt is oroposed to isol:ite the jodine from six uranium slugs in
the active runs, The srocess develop ent work was done with one quarter
slug (1/24 scale). In the first exneriments sbout three hours were re-
quired to dissolve a quarter slug in 550 ccs of concentrated NHCl. Later,
the metal was susnended in a Pt pauze basket so it could he removed from
the solution after one hour. It was found ti:at contact with the Pt gauze
increased the rate of solution to such an extent that practically all of
the metal was dissolved after one hour. In many of the succeeding experi-
ments all of the metul wus dissolved and never did more than 5% remain
undissolved after one hour.

Since it was thought that this increase in rate of solution was
due to ‘a reduction in overvoltage the Pt basket was platinized. Any
increase in the rate of solution caused by this was too small to be
readily apparent.

In two exreriments the ruses from the dissolving reaction were
scrubbed with an alkaline sulfite solution. In these cases iodine carrier
and tracer were added to the concentrated [ICL before the metal was
dissolved. Analysis of the scrubbing solution showed that about 107 of

.the I'Cl escamed from the condenser but nobmore t'.an a few tenths of a
per cent of iodine w:s lost.

o

'Oxidation of Uranium and Jodine

In nreliminary exceriments on the oxidation of jodide ion in
boiling "Cl; solutions wit concentrsted NazCrp07 solutions, jodine yields
were found to vary from 10 to 50%. It was found th-t on reducine with
NHO0H-HC1 more iodine was liberated aivine a total vield Wthh was seldom
more than 602 and in most cases mch less.

“Then potcntlometric meusuroqents were made it was found that
iodine wus evolved only at the U +4 end point. Fven with dilute dichromate
solutions the end noint was so sharp that it was imnossible to stop
addition at the ontimum point. “hen iron wns added to catalyze the Uth
oxidation it was found that iodine w:s liherated in the region huffered

by the'Fe*Z, Fet3 couple. -

Attempts were then maode to measure the relative iodine vapor
pressure as a function of oxidation-reduction potential. One millipram of
jodine and 2 mc of I13l were added to a solution of one-fourth uranium
slug in 550 ccs of concentrated HCl. The solution was boiled and counting .
rates were determined using a. shielded tube loccted between the flask
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and a reflux condenser. TIn these crude measnrcement it apneared that
the iodine vacor nressure was a maximam in the resion where Fe+3/Fe*2
was from 1 to 6. Since iodine wns ¢nllectine in the reflux condenser
durine the measurements they were not very reliable. DNistillation of
iodine wss possible in this recion but the rates were too slow.

“hen NapCrpOg was used as oxidant the solubility of NaCl was
exceeded. Since the »resence of this solid phase mirht complicate the
process it was eliminated by using LipCr207. ™ith LigCr0n as oxidant
and a Fe*3/Pe*2 ratio of two, yields of 65 to 70% were obtained after
one hour of distillation. '

Since sulfate ion decreases the solubility of iodine the iron was
added as a concentrated Fez(SO') -solution in the next experiments. One-
third of the iron (25 ecs of a saturuted Fey(SO4)3 solution) was added be-
fore the LizCrp0g and two-thiris (50 ccs) w.s added after oxidation to

the 4 ong point . :

In the prezence of sulfate ion the iodine could be distilled
out at a rate proportional to the -amount of iodine Presentuntil the total
iodine was reduced to about 0.25 mg when the rate decreased more rapidly.
The time remuired to distill 50% of the iodine was 4 to 8 minutes. By
adding one-half the carrier (0.5 mg) and distilling for 10 minutes, then
adding the remiining 0.5 mg and distilline, it was possible to oollect
90% of the tracer in thirty minutes. :

An attemnt was made to oxidize with H202 rather than LizCrp07
in order that the ™4 end noint could be determined by the color chanre.
‘t the end point FeSOj, and Fep(S0L,)q were added to cive a Fet3/Fe*2
ratio of two. The time re~uired to"distill out 50% of the iodine (0.5 mg)
was tuenty-five minutes. This was considered too slow for a process
involving the 6.7 h 1135. -

In another exreriment no carrier iodine w-s sdded. The ™ s
oxidized with LipCrp07 und a Fe*3/Fe+2 ratio of two was estublished using
Fe2(50,)3 as above. In this case the iodine tracer was distilled out at
the rate of forty-seven minutes for a 50 vield. "Then 1 mg of carrier was
added the time required for recoverv of 507 of the iodine was four minutes.

Data obtained in the distillution experiments discussed above
are plotted in Fisure I. Approximately the same amount of I 31 tracer
wus added in every case. The counting rate of o shielded M tube loczted
near the still isg plotted versus time of distillation. These curves
show the murked increase in the rate of distillation when part of the
cnioride ion was repluced by sulfate ion. The difference between the
upner and lower curves shows the effect of iodine concentration on rate
of distillation.

Recominend:stions

Dissolution: “rap uranium metal in platinum pauze.- Dissolve in
2.2 liters of concentrated HCl per slug at the boiling point for one hour,
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At this time 90F of the metal should be dissolved. Since the I35 will
have decayed to 90F of the initizl activity the over all vield should be
about 80%. : - '
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Oxidation: add 100 ccs of saturated Ten(SO )3 solution and
2 mes of carrier iodine as jodide per slug to the d].so ver solution,
Then add a saturated Li;Cry09 solution zs r:pidly as the violence of the
reaction permits until the end point is aprroacied. In the experimental
work, 100 ces of solution was reaquired for a onerter slue of metal =nd
this was added in twenty to thirty minutes. The LizCr07 solution was
added through a coarse sintered plass filter below tho surface of the
IC1, solution. Add the LizCry07 solution until the U end noint is
reached as indicoted by platinum and tungsten electrodecs.. ™Hth: the
_ tunpsten electrode no MF is shovn until within z few ver cent of the
end point where the EMF reaches a maximum. “hen the end jpoint is reached
add 200 ccs of saturated Fep(SO,)3 solution per slue.

Distillation: Bec:use of the low iodine concent-ation and the
“high ehloride ion concentrz:tion, the vamor pressure of iodire over the
solution is very low relative to that of water. It is thercfore necessnsry

to use a fr;ct1onat1nn column in order to rediuce the amount »f water
distilled over., It is estimsted that two tlieoretical plates, one in tre
still and one in the condenser, are sufficient. In the experimentzl work ..
an unnacked twelve inch eges condenser wis used. Cooling wate: wus run

in at the top at such a rate th.t about 957 of the water was (ondensed.

Use a PdCl, solution into which 30 is bubbled as a riceiving
solution for the iodine., Pass a slow current of air ianto the still to
.prevent bick diffusion of 30,. Reflux the solution as rupidly a: possible
without flooding the column, Control the Lemper ture of the cond:nser
g0 that not more than 15 to 20 c¢cs of water are distilled over in chirty .
minutes. Heflux for ten minutes, then add 2 mes of lodine carrier ner
slur und continue refluxineg untll the rate of distill:tion is approdmitely
equal to the rate of decay of 1135, .t this point, shut off the SO
and remove the cooling water from the condenser. .eration of the hct
receiving solution will remove the S02 and allow precipitation of Pd'p,

assumine that the oxidation and distill:tion are completed in
one hour, a vield of B0% including decsy should be axmected for these
steps. The over all yield of I35 includins dec:y from the time solution
of the metul is sturted should be between L0 to h57.

e would like to thank L. B. Rorers.for numerous helnful
discussions. :

Laree Scale Processings of Slugs

See renort by . Purker under heading "Preparation of 1135—Xel35"ﬂ
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Assay of Xel35

Fquipment- has been built for the assay of curie amounts of

Xel3? in Pdly precipitates. It consists of a sample holder surrounded
by «our inches of lead und mounted in a fixed position with respect

+o a hirh pressure ionization chamber. Ion currents are mcusured with
a vibrating reed electrometer. Ilonization is produced by the hard
_gamna radiation of the iodine parent of Xel35., Beta ray spectrometer
measurements, reported elsewhere, huve shown that gamia radiation from
other iodine and xe¢non activities will not interfere.

In order to calibrrte the ioniz-tion chamber with resnect to
the disintepration rate of I135 the devistion from linearity of response
at any riven ion current has been determined using radium sources. The
‘ion curreant from I135 samples with known disintesration rates is then
observed and corrcctions made for non-line:rity in resnonse of the
instrument. Previous work has shown that the disinterration rate of
aliquots can be obt:ined by beta countine with an instrument of known
geometry. It is cstimated that calibrstion errors will not exceed 5%.

Additional errors are introduced because the amount of xenon
at anv riven time is calculated from the amount of I135 at the tinme of
measurement, the time elapsed hetween precipit:tion of PdIp and measure-
ment and the decay constants of 1135 and xel35, The larrest of these
errors, which amounts to 8% at the maximum of the Xel35 prowth curve,
results from an uncertiinty of about 2% in the half life of 6.7 h
1135, “lork is in prorress to measure this decay constant with greater
precision.

_ Je would like to thank C. J. Borkowski for‘help in the design
and construction of the «ssuy equipment .



Preparation of I1>7.-%e 3%: (G. W, Perker, G. M. Hebert, J. W. Ruch,
Jo Reed’ P. M. Lantz y PA CXI=9n _

Introductiont

. Much effort in preparation has been expended toward continuing
the work initiated by L. B1 Borst and others for the direct measurement
of the cross section of Xel3 by crystal spectrometer. With renewed
interest in the problem; a much larger mumber of people "has been co-
ordinated toward its completion on a considerably lerger scale than that
attempted by Bomst, The division of labor has naturallg allotted the
radio-chemical separation of the required amount of Xel35 from fission to
this group in the 706-C (Hot-Laboratory) Building, (For a general intro=
duction see WonN-311, p. 182), See also "Cross-Section of §e el35n, S, Freed
et al., this report,

Scale of erations:

In the original work, the group working with Borst attempted
chemical processing of only one unenriched slug; however, it is unlikely
that reproducable results could ever have been obtained with this limited
amount of material. Tn a detailed treatment, {Memo, March 15, 1947)
Shapiro has recently outlined the 1imiting factors which may determine
the required minimum of mounted Xenon with a predetermined area and scat-
tering background. Some earlier decisions had set the general op}imum

' number of slugs (limited by the amount of cell wall shielding) at six, -

~ presuming no enrichment and immediate (1/2 hr. cooling) processing. Freed
has shown (MonN-311) that if it were possible to process a larger number
of slugs in the available space, several factors in quantity of Xe might
be obtained with the same level of biological radiation hazard by allowing
a 6.7 hr, cooling period (ome half-1ife of the Iodine Parent) of umenriched
slugs during which time the totcl gamma radiation decays to one=tenth that

_ observed after only one-half hour out of the pile. By this reasoning it
would be possible to undertske separation from ten times as many slugs and
obtain a five-fold yield in Xenon product. However, in order to handle
any increased quantity of metal, above six slugs, it would require a muczh
more elaborate design of equipment involving extended procurement delays
and search for additional cell space.,

By reducing the area of mounting of the six-slug sample to a
minimum (-~0, 03cm? ) accomplished by use of the centrifuge technique, re-
placing filtering, the maximum concentration of sample in the neutron beam

is obtained.

Design_of Cell and Fquipment  (See Drawing)

1. Cell Lined With Lead for Radigt;Qn Prot ction and Aid to Dacon=
tamination,

The interior wall protecting the operating face of the cell is

. lined with 2% of lead affording a factor of 10 in reduction of radiatien,
. 411 other surfaces except the celling are covered with 1" lead. No interior
peint is used on the lead since it is readily decontaminated by acid washing.

| | N _
\ . .
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2, Slug Discharge Mechanigm

A special revolver-magazine type slug carrier is used ir con-
junection with a bent-tube chute which oscillates between two discharge
‘receivers (Decoating Vessels) for quick operation, An air brake stops
the slugs before they are dropped into the baskets,

3. Stainless Steel Decoating Vessels

Fach decoating vessel contains a special 3-compartment Hastelloy-
B (HC1 resistant) perforated cylinder into which the slugs are dropped by
rotating 1200 hetwsen slugs. While the sluge are being dropped, hot caustic
solution will be added to these vessels to dissolve the aluminum coatings.

4, Boom Manipulator

It 1s aprnarent that only the most precise method »f placing a
heavy metal container {10# Uranium and Hastelloy) in a fragile glass veasel
would be desired; therefore the scmewhat doubtful looking but well-tried
method of using a weighted grapvling hook on a nylon cable combined with
a swinging boom under whose arc all vessels are centered is being used.

5. 4ll-Glass Fquipment for HCl Process

Three major glass vessels (22 liters, round bcttom} are involved,
Two are U dissolvers, and the third an oxidizing and distillation vessel.
The method of heating this vessel requires six 1,000 watt drying lamps
(not shown in the drawing), A fourth, smaller vessel, the distillate re-~
ceiver and precipitation vessel, is designed with gold-metallized unlubri-
cated joints to expose no organic material to the iodine distillate., In
this vessel PdCly is added to the reduced iodine solution and the PdI, pre-
cipitated. .

6. The Centrifuge Assembly and Capillary

The development of the centrifuge unit for packing a few milli-
grams of highly radioactive PdI, (30 curies) into a 1-2 mm glass capillary,
mounted in a metal block (wafer) with its blank twin, drying it completely
and being capable of having the filter plug entirely removed and replaced
with leak-proof, thin window vlugs is probebly the most involved and mcst
important part of the process. Some of the remote-control devices assoc-
iated with this phase have not yet been completed. Preliminary operation

will be largely manual,

7. MNeed for an Flaborate Off-Gag System

During the dissoclving operation most of the 9.2 hr, Xe in equili-
brium with the 6,7 hr. Iodine, after 24 hrs, pile bombardment and 1-2 hrs,
processing time;, and probably a large number of curies of other Xenons and
Kryptons of approvriate half-1ife will be expelled from the hot solution
with the large quantity of Hydrogen evolved, It is proposed to keep ail
vessels under slight negative pressure and considerable air-=flow in order
to sPeep all active gases into the alkaline scrubber (4 pyrex pipe} for
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absorption of all acidic active and inactive constituents, Hydrogen and
most of the noble gases must be expelled. Since the normal cell venti-
lation system is not convenient to shield, a special off-gas line is used
which is adequately shielded to the building roof. From this point it
may be possible to eject this gas into one of the existing stack lines,

XFNON PROCESS
QUTLIY OF TIMF LAPSE FOR Pdl, PREPARATION

Fstimated Time Required
for Step

1/2-1 hr, 1. Procure Six Slugs

Push slugs from pile center channel after
20-24 hrs. exposure. Load into multiple
slug carrier and deliver to top of cell in
706G,

1/4=1/2 hr, 2, Dissolve Aluminum GCoats

Load 3 slugs into each of two coating dis-
solvers, remove aluminum and wash,

19151 hr, * 3. Dissolve U in HCi

Load and cap each dissolver vessel; add
HC1 and dissolve U (90% complete dissolution).

1/2-3/4 nr. 4. Transfer UCl, and Oxidize with Fe,(S0,)3
and Li-C 207

Transfér UCl, slurry to reaction vessel and

add Fepy(S0 ) and LisCrp0n to predetermined

e.m.f, on oTungsten electrodes, UCl; 1is

oxidized to UO,Cl,, Add more Fey(S0,), for
' exidation of I* to Io.

1/2-3/4 hr. 5. Reflux One-half Hour and Distill I»

Start heating and reflux until most of the
Jodine is held in the reflux condenser,
Drain condenser and start collecting Iodine
in distillate received while admitting S0y
"to distillate.

1/2-3/4 br. 6. Reduce _ I, with SCp and Precipitate _.dI,

Stop distillation and S0,. Start heating
while agitating with air and continue until
S0 1s-.expelled, 4dd PdCl, for precipitation

of PﬂIzo




Total:

3 1/4=5 hrs.

3/4~1 1/4 hrs,

1/2-1 hr,
Total: 4 1/2-7 1/4 hrs,

"Before Releasing Time®,

5 .

(Apnroximate Zero Time of Trapping Xe in Pdl,
Crystals :

7,

Centrifuge PdI 2 and Dry with Anhydrous

Solventa,

Transfer the PdIz slurry to the prevared
centrifuge and capillary assembly and centri-
fuge out the solid PdI,. Decant the aqueous
supernatant and centrifuge with alcohol and
ether to remove water and HCl. The FPdI,
should be as nearly pure and free of water as
possible and (1) should f£ill the capillary
for even distribution across the beam of
neutrons.

Dismantle Assemblys Plug Capillary and Load
into Shield,

Dismantle the centrifuge assembly by remote
methods; place in holding device and insert
sealing plugs.  Load intc carrying shield.

(1) Results to date on the drying and packing of the PdIy into a uniform
target have not been satisfactory. The precipitate has tended toward
flocculence and has been impervoue to flow of drying solvents, After pro-
longed drying the solid also tends to shrink to a thread about 1/2 the

cross-section of the capillary,

More research is indicated



- I

Note on Rediation Shields of Dense Transparent Liguide: (G. ¥. Parker,
G, M, Hebert), P.A, CXI-9,

In typical hot-laboratory design use may be made of dense clear
liquids for shielding where water alone will not suffice and direct vision
is desirable.

This condition has often arisen in the 706-C Hot Laboratory but
only recently has much use been made of even the moat readily available
heavy solutions or organic liquids.

Some general information on dense l%quids is available from
mineralogical applications to specific gravity measurements; however, in
their 1ist (Table I from Bureau of Mines Tech. Paper No. 381) are many
substances which for shielding are undesirable because of cost, toxicity,
corrosion or even availability.

Table I

Heavy Liquids for Mineralogical Analysis

Specific Gravity Heavy Liquid
Range )
1.6-2.95 Acetylene Tetra bromide (solv. chloroform)
2.95-3.3 Stannic Bromide (solv. G CIL) '
3.5-4.9 'Thallous Formate-Malonate (solv, Water)
4,.9-5,2 : Eutectic of HgCly, SbCls (Solv. Aniline followed
by Alcohol)

In Tsble II a study of some readily available materials is re-
ported including type of solution and approximate cost which 18 most im-
portant for large installations., Presently, use is made in this labora-
tory of ZnCl,, ZnBr2 and Tetra=bromethane {Acetylene Tetrabromide).

N
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Some Readily Available Dense Liquids

SOLUT ION SP, GR. OF FSTIMATED REMARKS

SOLUTION COSTACAL,
Bismuth , :
Nitrate 1.85 £16 Dissolved in 2N HNO4
Calcium o

Chloride . 1.54 : $1 ~ Cp chemical not available,

technical grade used,
Calcium ’ . .
Nitrate 1.64 3 Solution crystallized
overnight after weighing.
Mecurie- ,
Nitrate T 1.86 §28 H,0 Solution
Mecurous ' '

Nitrate 1.61 §25 Hy0 soluticn was clear
and colorless although
crystals were yellow.
Crystals lost color on
standing in solution.

Mercurous ’

Nitrate 1.79 §29 1N HNO4 solution. Solu-
tion was colorless and
yellow crystals did not
change color on standing.

Zinc ,

Chloride 1.94 §6 Hy0 solution,
Zine

Nitrate 1.7 §5 Hy0 solution,
Zinc o '

Bromide 2.7 . $15 Hy0 solution,

' Approaches density of. ordi-
nary concrete,

ORGAKIC LIQUIDS - NEXT PAGE, _
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Organic Solvenis

SOLUT;ON . 5P, GCR. QL_L;QUID‘ FST IMATED COST/GAL;
Carbon Tetra-Chloride ‘ 1.59 $1.60
Perchlorpwetbylene 1.62 | . | 31;60
Tetrabrom-ethane 2,59 | $73.00 |
.Trichlorouetﬁylepe 1,47 $%aOO

: In Table III.is & summary of some radiation measurements thru
glass-end, two-foot long cylinders 6 inches in diameter inserted in a
two-foot concrete barrier. The energy of the garma radiation is known

only approxirately {( 1 mev.),

Table IXI on next page.
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TABIF II1I

Shielding Fffect of Dense Liquids

?
. - 8 ~
3 3 _i|.s.
- =~ L]loe < «
et o 2§+ 0 ] et
o |ves |83 382|EEE|2 la f5e
wt Py @ W K [ gwm-wfkmgﬂmmnamn
HE18JZ 53 s& olonelal oqéoﬁﬁ
8E 1583 |23 ERd|ESElsasibEy
&8 |22l |28 SSE|E RIS =2HS=2SF at B
Water 1 1.0| jemmeda | 30| ~-- | == |70 |48 {65
register (6)
Zine A )
chloride 1.9 261 2 115,2331. 4.9 7 1 4
(70%) - Hn
Teira Brom-ethane -} ' :
(Acetylene 1 29 L6 19 11,728 | 0.6 [0.5% j0.5% p.5%
tetra-Bromide) : :

* Too small to read,

(1) Average of two reedings. _ .

(2) Background taken with slugs lowered well below the window., General
activity level of cell and possible contamination on outside of cell
could give background, :

(3) One mr/hr/ assumed to equal 3100 counts/min.

(4) Reading taken from side of Cutie Pie #404.

(5) Reading taken from end of Cutie Ple #415.

{6) Victoreen with range of 200 mr/hr used.

(7) Victoreen with range of 40 mr/hr used.
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cl4 from Beryllium Nitride (4. J. Woinberger, J. 4., Swartout) P, &, CXI-10

.1, Introductiont

.The decision to test the H,50, - Cr0; process (1)for obtaining
cl4 from Be3N2 on a larger scale was indicated”in the report for the pre-
vious quarter (MonN-370, pgs. 14-16) on the basis of a comparison of the
three methods developed to-date. In addition, to an initial experiment
&t a four-fold greater scale than previously tested, work was continued
on the analysis of gas produced in the B°3"2 cans during irradiation.

II, Pregent Status of the HoSQ; - ng; Processi

A, Equipmentt The present equipment consists 3 a gas train
similar to that used for the NaOH-H,S0, - CrO3 process ( with modifica-
tions as listed below, : N

1. The water bath used to heat the pot was replaced by a
core type, nichrome element heater controlled by a variac.

2. 4 hot CuO tube was placed in the inlet air system be-
fore the Drierite-dAscarite tube to oxidize any organic vapors in the in-
coming air,

o . 3. A condenser was placed in the line at the top of the
pot to prevent the escape of water, : -

4. The sulfuric acid trap was removed for reasons discussed
below.

B. Problems Arising from Scaling-Up the Process: Several problems
appeared when 4 gms. of 69 day Hanford irradiated BesN, was dissolved which
were not present in operation at l/l this scale. ’

, 1, vIt was necessary to control the addition of HyS0, more
closely since there was a tendency for the solution to froth.

2, The H3S0, trap, included to prevent water vapor from
. reaching the Drierite-dscarite trap, was found to remove activity when kept
cold. Two alternate solutions were apparent, (&) to remove the trap or (b)
to leave it in the line and heat it, Of these, the former was adopted for
the initlial experiments. However, experiments with the hot HpS50, trap will
be made to-establish the better procedure,

3. A brass lonization chamber, Drierite protected, was used
in conjunction with a Beckmann amplifier to follow the evolution of activity
from the pot. This chamber became appreciably conteminated in the larger
scale experiment. The contamination was not removed upon long aeration,
There are three possible methods for correcting this; {a) the chamber can

’ be decontaminated after each experiment, (b) it can be gold plsted, or (c)
a Cu0 furnace can be introduced shead of the chamber, Decontamination is
undesirable and will be done only as a last resort. Gold plating is only =&
poseible solution, so will be tried only if introduction of the hot CuO is

ineffective, '
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III. Larper Scale Operation of the HoSOy - CrO; Process:

4 run with 4 gms. of Argonne prepared, 69 day Hanford irradiated
Be,N> was made. Approximately one-half of the dissolver solution was
tufned over toc the Organic Chemistry Group for extraction of formic acid
as such, since the preliminary work oh this extraction was encouraging.
The remainder of the solution was oxidized with Cr0O5; the CO,, HCN, CH30H
and HCOOH was therefore included in one fraction. 3he analytical work
on this experiment has not been completed.

It was in this experiment that the hold-up of activity in the
cold HpS0, trap was discovered, Since hold-up may also have occurred in
the preceéing run and since the activity thus held was recovered in this
run, the apparent yleld may turn out to be high.

IV, Yields and Isotopic Abundancess

The yields of Cl4 cbtained from Be N, by different chemical ex-
tracti?n)processes have been determined ana compared with the results of
Fries.\l

His data for the ylields of 014 obtained by the HQSOA = Cr0O3 process
for different samples of BejNp are given in Table I.

Table I
Tields of Cl4 from BesNa: HS0; - CrQ - CrO3 Process

Sample of BesNy Irradiation /ucCIA/gm Beql, ,ucClA/gm BeBNz/hoo
(a) Argonre prepared - Hanford for 1 mo. ~ 84 o~ 8

_ (b) Berkeley prepared- Hanford for 2 mo. 211 106
(¢) Berkeley prepared- Hanford for 3 mo. 340 113

The Argonne preparation was irradiated in the Hanford pile at a
position of maximum flux. For comparison, it is assumed that this was also
the case for the Berkeley material and that the Hanford maximum flux did
not change appreciably during the irradiations,

The large increase in yield resulting from the increase in irradiation
time from one to two months is probably only apparent. It may result from
differences in the nitrogen content of the impure Be,N; used since Argonne
prepared Be3N2 has been shown here to contain on 83% Be 2° Nevertheless,

a real increase of several percent in yield of C-+ per gram of BesN; per
month on continued irradiation seems indicated. Since there is no apparent
basis for this, a yield of 113 uc of Cl4 per gm. of BesN2 per month will -
be considered a maximum unless further work verifies an increase.

For the Argonne preparation (Table I- (a)) this labora?ory obtained
79 uc Cl4 per gram BegNp using the NaOH-H2S0; - CrO3 process, ) This is
in good agreement with the value of Fries considering the differences in
chemical methods, equipment, scale of operation and counting techniques.



Additional comparison between the chemiocal wethods is offered by
results of extracting C14 from 1 gm. of Argonne prepared, 69 day Hanford
irradiated BeqN; using both the NaOH-H2S0,-Cr04 and H3S80,-CrOy procedures.
Data for the former which were given in the last gquarterly report are in-
cluded in Table 1I as well for comparison.
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Table II

Comparison of Chemical Processes for Extracting Cl4 from Bejl,

Chemical Amownt of  pic C14 clb
Process Begly ,P:ecovared cIZ ¢l
cg!-co Fraction Overall
NaOH-Az50, - - 1 gn. 104 - 0.095
Cro, . 106 on 0,003
HyS0,-Cr04 (8) 1 gn. 73-75 0,013(P) -

Notes? (a) Since this dissolver solution was given to the Organic Chem-
istry Group for extraction of formic acid, a good yield figure and a value
for isotopic abundance in the other fractions could not be obtained. If
the smount in the HCN fraction which was not determined is assumed to be
5%, the yield is 75 uc C14 per gram of BesN3,

(b) The low isotopic abundance is disappointing. However, the
Ba €0, recovered on the disc weighed only 4.4 mg and contained 16.5 uc Cl4
wheregs 39 mc was recovered from the trap walls and the Ba (OH) filtrate.
The isotopic abundance should, therefore, not be considered conclusive.
Normally a major portiom of the activity appears on the disc.

V. Analysis of Gas Produced in BegN, Cans During Irradiation:

A large amount of time was spent this period in setting up and
testing gas analysis equipment. The equipment now functions satisfactorily
and a chemical analysis of the gas can be made., Sample gas tubes contain-
ing approximately the same amount of air as in the gas in the BesNj can
and small amounts of the suspected constituents of the gas have been made
and found to be acceptsble for spectroscopic analysis., Sample tubes con- -
taining the BesNy gas will be prepared and analyzed spectroscopically.

A gas density analysis was made of the-Be3N2 gas. This analysis
showed the average molecular weight of the gas to be less than 2, Since
the gas had been diluted with a large amount of air because of a leaking
stopcock, and since some of the pressure and volume measurements were rough,
work was, not toe exact. However, the results, in conjunction with other
results (3] indicate that the gas is essentially hydrogen.

VI. References,

(1) Fries, B.A., "The Recovery of Cl4 from Irrediated Berylllum Nitride".
BC=43, March 7, 1947,
(2) anthony, D.S, and Weinberger, A.J., "The Distribution and Specific Ac-
tivity of ¢l from BeaN2.® Part of MonN-311.
(3) PTests on Beryllium Nitride Slugs", memorandum from R. B, Briggs to

M. C. Leverett, November 11, 1946, ,




-8l -

'

Exverimental Use of ¢14 (W. G. Brown (to September 26), G. C. Bell, C. J.
Collins, O. K. Neville, R. F, Nystrom, W. J. Skraba, A. R, Van Dyken) - P.A.
CXboly | ‘

Studies on the Synthesis of Organic Compounds containing Carbon-14
Summary '

The hydrogenation of carbon dioxide with lithium aluminum hydride
.in diethyl carbitol has been shown to produce methanol. A method for the
isolation of the methanol in 75% overall yield has been worked out. It
is expected that the high pressure hydrogenation of carbon dioxide-cl“ to
methanol-Cl4 will be replaced by this new convenient method. -

. The preparation of sodium cyanate by the thermal decomposition of
sodium urea in yield of 97%¢ is described. ' '

Formic acid has been produced in high yield by the hydrogenation
of a potassium carbonate-bicarbonate.solution. The isolation of formic acid-
cl4 from beryllium nitride slugs which have been bombarded with neutrons ’
is also under investigation. ’

Studies are being conducted on the prenaration of chemically pure
barium carbonate-~Clé prior to standardization of the various counting tech-
niques used for the determination of carbon-14.

he synthesis of o-phthalic acid=1,2=c%h from acetylenedicarboxylie
acid-2,3-C5% is under investigation. )

The rearrangement of &, «(~dibromoacetophencne to mandelic acid .
is being studied with the aid of carbon-1li. Carbonyl-labeled dibromoaceto-
phenone has been synthesized and allowed to rearrange to mandelic acid.
Radioactive assays are expected to determine whether a rearrangement of the
side chain has occurred.

The Synthesis of “ethanol and Sodium Cyanate (R. F., Nystrom)

Introduction

A study of the reduction of carbon dioxide by lithium aluminum hydride
has been undertaken with the chief emphasis placed on'the isolation of the
reaction product, methanol.

)

The prebaration of sodium cyanate by the thermal decombbsitioh of
sodium urea is described. !

Exploration

Sodium cyanate containing carbon-1l/ would be a valuable intermediate
in the synthesis of organic compounds of interest to biologists. The proposed

scheme of preparation is:
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NH2 (1)

ONH,, ’
(ammonium carbamate)

l' l‘,\.ﬂ
1. ctho, » g —— ok

3

. . /NH ' ] . ’ )
2. ¢ 2 == yuclbonm, s+ o ()

~
ONHy, {urea) .
3. HNcllonH, « Ne _aquid oy peliongme o« B 3
ammonia 2 2

(sodium urea)

L. "H2N01"0MHNa —-heat  yacllyo . NH,

(sodium cyanate)
The first three steps take place in an overall yield of 79%. Step 4 is a
new reaction and the yield for this process is 97%.

The iéolation of methanol ffom LiAlH -002 reaction mixtures has
been accomplished. The equations for this procedure are:

1. 4 €Oy + 3 LiAlH, — 3 LiAl(0CH,), + 2 LiAlO,

In the latter reaction the more volatile alcohol, methanol, is removed by
distillation. Hence, the desired alcohol is obtained in anhydrous condition.
It should be noted that this new process is simpler, more economical, and
less dangerous tiian the present catalytic methoed. '

"Experimental

Preparation of Sodium ureal3) a 500 cc, three-necked flask was
equipped with a dry-ice condenser and a mechanical stirrer. To a well-
agitated solution of 2.1 mole (6 grams) of urea in 150 cc of liquid ammonia,
0.1 gram atom (2.2 grams) of sodium was added in small portions. As the
sodium was utilized the characteristic blue color of sodium dissolved in
liquid ammonia disappeared. After the reaction was complete the liquid
ammonia was evaporated and the last traces of ammonia were removed by eva-
cuation. ' ‘ '

Thermal Decomﬁbsition of Sodium Urea. Slow heating. A 0.5 gram
sample of sodium urea was placed in a flask which was connescted to a mercury
bubbler. The flask was heated by an o0il bath. At 140° C a slow evolution
of gas, which turned moist red litmus blue, was observed (presumably ammonia).

(1) Brooks and Audrieth, Inorg. Synthesis, II, 85 (1946)
(2) Hendrichs, J. Am. Chem. Soc., 52, 3088 (1930)

(3) Jacobson, Ibid., 58, 1984 (1936)




At 152° C the gas evolution became more vigorous. The temperature of the
oil bath was gradually increased to 205° C and held there until the decome
position was complete. After the flask cooled to room temperature, 2C cc

of water and a solution of cobaltous chloride were added. A purple-blue
-golor appeared immediately which is a positive, qualitative test for cyanate
ion
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The quantitative determination of cyanate. was carried out by
decomposing 0.38 gram (4.6 millimole) of sodium urea as described above. To
the solution of the residue in 20 cc of water, 50,0 m1 of 0.1 N silver ni-~
trate were added. After a few minutes the silver cyanate precipitate was
filtered off and washed several times with water. Then 5ml of 1:1 nitric
acid and 1 ml of indicator solution (saturated solution of ferric ammonium
sulfate.in 1 N nitric acid) were added to the filtrate including the wash-
ings. The excess silver nitrate was titrated with potassium thiocyanate
solution. Hence, the yield of sodium cranate determined in this manner was

83%.

Rapid heating. The same technirue as mentioned above was employed
with the exception that the flask containing the sodium urea was heated with
a free flame for five minutes. Under these conditions the yield of sodium
cyanate was 97%. ' ‘

Reduction cf Carbon Dioxide by Lithium Aluminum Hydmdeo Isolation
of methancl from an agueous solution. A one liter, three-necked flask was
equipped with a gas inlet tubs, dropping funnel, mechanical stirrer, and a
dry-ice condenser. Two hundred cc of ethyl ether, previously purified by
distillation from & lithium aluminum hydride solution, were added to 0.129
mole of 1LiAlH; in 130 cc of ether. Then carbon dioxide, generated by aodlng,
30% perchlorlc acid to 1.992 grams of barium carbonate, was diluted with '
nitrogen and passed into the hydride solution. Four hours after the . iast
addition the excess hydride was decomposed with 9.6 co of water, ‘;The ether
was removed at room temperature in vacuo and then 150 cc of 10% .sulfuric
acid end 400 cc of water were added. Upon fractionation two~100 c¢ portions
of distillate were collected., These fractions were combined and refrac-
tionated with 0.8 cc of material being taken for analvsis. On the basis of
the weight and freezing point of this material a 50% yield of methanol was
obtained. '

Isolatlon of methanol by an exchange reactlon( & study was under»
taken to determmine if methanol added to a slipght excess of IiAlH; in dlethyl
carbitol could be recovered by the following reaction:

LiA1(OCH3),, ;'A»nmcénlgoﬂ g:::tldAl(OC6H13)h + 4 CH0H

The reagents for this experiment were dried and then fractionated. Five cc
(0.125 mole) of methanol (b.p. 64.2° C/750 mm) in 50 cc of diethyl carbitol
(b.p. 80° C/13 mm) were .added to 0.041 mole of LiAlH dissolved in 150 cc of
diethyl carbitol. Next 50 grams of n~hexanol (b p. 17° C/39 mm) were added.

(4)- Scattergood, Inorg. Synthesis, 11, 89 (19&6)



The reaction mixture was then heated with a Glas-col mantle and 4.5 cc of
methanol were collected. Hence, the recovery of methanol was 90f.

-

In view of these results the reduction of carbon dioxide by lithium
aluminum hydride and subsenuent isolation of methanol was carried out. A
one liter, one-necked flask was equipped with a gas inlet and a gas outlet
tube. The former was attached to a carbon dioxide generator and the latter
to a trap at -80°, ascarite tube, drierite tube, and bubbler, respectively,
Drr carbon dioxide, diluted with nitrogen and generated by adding 30% per-
chloric acid to 0.06 mole of barium carbonate, was passed through a solution
of 3.8 grams of LiAlH, in 500 cc of diethyl carbitol (b.p. 80° C/13 mm).
The time required for the addition was sixty minutes, Ten minutes after
the last addition the ascarite tube was reweighed and it was found that 2%
of the carbon dioxide escaped from the reduction mixture. Next, 100 cc of
n-hexanol (b.p. 77° C/39 mm) was added dropwise while the flask was cooled
externally with ice-water. The reaction mixture was then heated and 1.2 cc
of methanol boiling at 65° C (uncorr.) were obtained. This correspends to

a 75% yield.

It is believed that the ‘yield of methanol can be increased by
modifying both the apparatus and technique. Further work will be done alcing
these lines.

¢c1h Labeled Formate Preparation (G. C. Bell)

NazC0O3, NaHCOE, K2C€03, KHCO3 and BaCO3 have been utilized as
starting materials for the synthesis of their respective formates by hydro-
genation in dilute aqueous solution over catalysts at moderate temperatures.
Best results have been obtained by hydrogenation of a K2C003-KHCO3 mixture
obtained by absorbing CO in 1 N KQH using palladium black as a catalyst
with 100 atmospheres H2 at 70° c(1), 92% of the theoretical HCOOK has been
obtained after twenty-four hours hydrogenation. An appreciable amount (5-
10%) of the CO2 generated is unabsorbed in 1 N KOH, and must be precipitated
as BaC03. An apparatus has been constructed, providing for agitation of

the CO2~KOH solution to facilitate absorption of the COp.

Hydrogenation at 100° C of a 5% éuspension of Ba003 was attempted
using palladium black as a catalyst. A 22% vield of (HCOO)2Ba was obtained,
The unreacted BaCO3 can be recovered. %ork is in progrecs to improve.the

vield, |
Sodium Formate-Cl4 from Beryllium Nitride (G, C. Bell)

' Previous work(2) has shown that oxidizable fractions of cli activity
induced in powdered beryllium nitride by neutron bombardment have possessed
appreciable formic acid.

The residue from HQSOA dissolution of 1 gram of BeqN, powder(3) was
transferred to a flask, saturated with MgSO,, and placed on a steam distil-
lation apparatus, the steam being generated from boiling 3.1 N NaOH. The

(1) Melville, hachele and Keller, J. Biol. Chem., 69, 419 (1947)
(2) Yankwich, P. E., BC-36, February, 1947 e

(3) Cohn, Anthony and Veinberger, on N-311, 1947 -



vapors off the acid solution were condensed in an Allihn condenser and the
condensate returned to the NaQH solution. The rate of boiling for each
solution was adjusted so that the NaOH solution diminished in veolume only .
slightly over a six hour boiling period. The solutions were allowed to
cool to room temperature, and a fresh 0.1 N NaOH solution was put in place.
Three such runs were made. At the end of the third cycle, the acid residue
was removed, its volume was recorded, and the residue was bottled.
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The NaOH-HC1l4OONa solution was oxidized in the pot with a chromic-
sulfuric acid mixture, and the ionization .current of the evolved C140s was
determined with a Beckman micro-ammeter. The clhoz was then absorbed in
NaOH solution and diluted to 100 ml. The acid residue was of such a volume
that only one-third the total volume could be added to the pot at. one time.

’ Aliquots of each cycle were taken ané the Ba01503 was precipitated
in the usual manner, weighed and counted

The following results were obtained:

- Cycle e Clh ag Bacllao3
1 2, 03
2 .58
3 A 2.89
Acid Residue . 413
Total 9.6 '

. It is possible that some materlal contalnlng CIA(CO, 002, CH;OH,
HCOOH) was lost by volatilization through the condenser. It is planned to
modify the condenser to effect complete recovery of Clik. Further work
on these organic fractions is indicated. ‘

Analytical methods for l-carbon compounds have been investigated.
Permanganate oxidation, calomel reduction and colorimetry methods have
proved satisfactory for seml-micro analysis. Colorimetric analysis has
shown that %O ¥ formaldehyde can be estimated visibly by use of chromo-
tropic acid. lork is now in progress on spectrophotometric analysis
of formic acid. ' '

Tracer Studies in the Rearrangement of<X, X-Dibromoacetophenone to
Mandelic Acid (0. K, Nevxllef

The mechanism of the reaction of<x;c(—dlbromoacetOphenone with
aqueous alkali to give mandelic acid is being studied with the aid of
carbon~l4. The results of this investigation may be compared with those
previously obtained in the phenylglyoxal reaction, in which conversion to
mandelic acid has been shown to occur without rearrangement of the carbon
skeleton, The carbonyl-labeled acetophenone previously prepared was
brominated in the presence of light to give g, c«(-dibromoacetophenone.

(4) Peigl, F., Qualitative Analysis by Spot Tests, 397 (1946)



This, when treated with 10% aqueous NaOH, was converted to mandelic acid,
The determination of the specific activities of the benzoic acid and
carbon dioxide fractions from the chromic acid cxidation of mandelic acid
will show whether rearrangement of the carbon chain has oceurred.
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rolléwing is a brief description of the experimental work which
has been completed

- To 1.2 g of acetophenone dissolved in 1.5 ml of carbon disulflde,
was slowly added 3.2 g of bromine under strong illumination from a photo-
flood lamp; after the absorntion of bromine was complete, the solution was
frozen in a dny ice-acetone bath until crystallization occurred. The
product was recrystallized once from a carbon disulfide petroleum ether
solution and washed by decantation twice with petroleum ether. The yleld
of «, acudibromoacetophenone was 2. 55 g or 91.8%.

To this product was added 15 ml of 10f NaOH and the reactlon mix-
ture was allowed to stand at room temperature with stirring over night. The
slightly brown solution was extracted twice with chloroform and neutraiized
with HC1l. The mandelic acid was precipitated as cadmium mandelate, which
was washed with ether and dried. The yield of cadmium mandelate was 1.81 g
or an overall yield of 87.5%. :

Preparation of Pure Ba01403_and Standardization
of Counting Techniques (%, J. Skraba)

Considerable dlSOPGp&nC" exists among the solid and gaseous countlng
methods employed at Clinton lLaboratories for the determination of carbon-l4.
Following are prelininary data in chart form showing the anomalous values
obtained. The numbers are arbitrary but show exact relatlons among the
results by the different counting methods:

(uethod A) (*fethod B)
1100 113
BaCO4 _NaOH o napco, _BAC12, BaCO4
" Sample I acid acid
€O, €O,
1 246
(Method C) (Method C)
- (Method A) : ('fethod B)
100 91
BaC03 -NeOH ., manco, 220125 Baco,
Sample II acid , acid
co, o,
111 . 109
(Method C) (*tethod C)



The methods consist of: method A - packing dry barium carbonate-C14 in

an aluminum well and counting through an abgorber in a mica window counter;
method B - precipitating barium carbonate-C14 from solution, collecting
the precipitate on a sintered porcelain disk and counting in a mica window
counter; method C - generating carbon dioxide-Cl4 from barium carbonate-C
sweeping the gas into a chamber and measurins the ionization current by
means of a dynai:ic condenser electrometer.

~90-

Various samples of barium carbonate_clb have been analyzed for
carbonate content. The method consisted in acid decomposition of the barium
carbonate-Cl4 followed by a direct weighing of the carbon dioxide evolved
in a gas weighing bottle. The results indicate that these samples have
contained from 18-98% of theoretical carbonate=

The purpose of' the present research is to prepare chemicalliy pure
barium carbonate-Clé containing approximately 100 millicuries of radioactive
carbon.. The material will then be used as & standard material for calibrating
the solid and gaseous counting methods.,

Model experiments with inactive barium carbonate have been con-
ducted to determine the optimum conditions for precipitation of barium car-
bonate in chemically pure form. Barium carbonate samples (500-600 mg) have
been decomposed with 5 ! perchloric acid and the evolved carbon dioxide has
been swept through a dry ice trap and frozen in liquid nitrogen prior to
- introduction into barium hydroxide solutions of varring concentrations.

The precipitated barium carbonate has been analyzed spectrographzcallv and
chemically.

Preliminary results indicate that satisfactorv precinitation of
barium carbonate occurs from dilute barium hydroxide solution. Traces of
impurities, such as copper and iron; may be excluded by the use of care-
fully prepared distilled water and chermically.pure barium hydroxide. Other
factors, such as aging of the precipitate and the effect of heat and pH
on the precipitation, are under investigation,

clb Methanol

The procedure for preparation of methanol has changed in that
carbon diox de-CLl& is now directly hydrogenated to methanol instead of silver
carbonate-Ci4+ as previously reported. The yields have increased to 80-83%.

The Synthesis of Cl4 Labeled Compounds (C. J. Collins)
Derivétives of»benzene labeled in the nucleus

Introduction

The synthesis of benzene derivatives containing carbon-l4 in
gpecific nuclear positions has been undert.aken° The prospective syntheses
involve the following steps:

1. The conversion of Clh0, to HC14 = CH by the action of €140, on
barium metal followed by agqueous decomnosition of the barlum

\
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carbide-ct4(1),

2. The conversion of acetylene-clh to pizpiolic acid-2,3-0%b or
to acetylene dicarboxylic acid-2,3-C3" by the action of
one or two moles of carbon dioxlide on acetylene-Grignard(z).

3. The "Diene Reaction" between the acetyleneuclh acid and a

conjugated diene to yield an adduct which may be converted

to a benzene derivative labeled in the ring with carbon-l4.
The first such synthesis attempted will be the preparation

of o-phthalic acid (VI,R = H) labeled as shown by asterisks.
This synthesis will involve the agzitidn of acetylene dicar-
boxylic acid dimethyl ester-2,3-C3*% (I, R = CH3) to either
cyclohexadiene (III) or 1,2-dihydrophthalic acid (IV) followed
by th 1 decomposition of the adduct to o~phthalic ester-

- 1,2-C5*(VL,R = H).

- | OOH
C COOR 7 | |
10 \ COOH

C COOR ‘

1 11 III v
CH,
. COOR COOR COOR
 CooR % COOR * COOR

v V1 ' VIl

CH COOH . .

T CH,=CH

CH COOH | _2 2

VIIY | X

The reaction between acetylene dicarboxylic acid diethyl ester (I)
and tutadiene (II) has been reported to yield the ?§?thy1 ester of 3,6~ ;
dihydro-o-phthalic acid (V) in less than 50% yield(3). Alder and Rickert (4)
state that I and 1,3-cyclohexadiene (III) wvield VI with the evolution of
ethylene (IX). This reaction probably proceeds through the intermediate
adduct VII.. These same authors state that I and 1,2~dihydro-o-phthalic acid
(IV) produce maleic acid (VIII) and phthalic ester (VI) in unspecified yields.

(1) Arrol and Glascock, Nature, 159, 810 (1947)

(2) Jozitsch, J. Russ. Phys. Chem. Soc., 34, 242-44 (1902); Grignard, Lapayre
and Tcheou Faki, Compt. Rend., 187, 517 (1928); Oddo, Gazz. chim. ital.,
34, 429 (1904); ibid, 38, 625 (1908) '

(3) Alder and Backendorf, Ber., 71B, 2199 (1938)

(4) Alder and Rickert, Amn., 524, 180 (1936)
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Discussion of Results

An apparatus has been constructed for the preparation of acetylene
" dicarboxylic acid~2,3~C5h starting with BaCl 3. ’

Cyclohexadiene (III) has been prepared by conventional procedures,
starting with cyclohexanol (X), dehydration with phosphoric acid to cyclohexene
{XI), treatment with N-bramosuccinimide to yield 3-bromocyclohexene (X1I),
and dehydrohalogenation with quinoline to produce III. : '

OH | '
g —0—0
‘ o Br \
X X1 XII Il

Acetylene dicarboxylic acid has been prepared(5), converted to its
dimethyl ester (I) and allowed to interact with cyclohexadiene (III). A
small yield of material which may be phthalic acid (VI, R = H) was obtained,
At present work is being directed toward improving the yield and purity of
this product. - ' '

: The procedure of Baeyer(6), and of Neville(7) and of Pasquinelli(a)
has been followed for the preparation of 1,2-dihydro-o-phthalic acid {v).

At present the interaction of this compound and acetylene dicarboxylic ester
(1) is being studied.

Experimental'

Cyclohexadiene (II1). Cyclohexanol (X) (81.5 gms) was converted to
cyclohexene (XI) (47.3 gms boiling 82°; 78.5% yield) by the method of Dehn
and Jackson(9), Next, 60 cc cyclohexene and 21 gms N-bromosuccinimide were
heated under reflux twenty-five minutes 10) . fThe succinimide was collected
on a filter, and the filtrate was distilled, vielding 9.58 gms 3-bromocyclo-
hexene (XII) (50-55% yield based on N-bromosuccinimide). This material was
redistilled, and the fraction, boiling at 50-52° at 1-2 mm, was collected
(3.9 gms). The 1,3~cyclohexadiene was cbtained by heating a mixture of
freshly distilled quinoline {10 cc) and 3.9 ce XII in an oil bath at 180°. ,
The colorless cyclohexadiene slowly distilled from the mixture (2 cc obtained).

Acetylens Dicarboxylic Acid (I, R = H). Fumaric acid (67 gms)
was converted to o, d-dibromosuccinic acid{ll) and subsequently acetylene
dicarboxylic acid i2 0

(5) Org. Synthesis, Coll: Vol. II, p. 10

(6) Basyer, Ann., 269, 145 (1892) \

(7) Neville, J. Chem. Soc., B9, 1743-1748 (1906;

(8) Pasquinelli, Anales a. soc. quim. argentina, 31, 181 (1943)

(9) Dehn and Jackson, J. Am. Chem. Soc., 55, 4285 (1933); Org. Synthesis,
, Coll., Vol. II, p. 152 ;
(10) Ziegler et al, Ann,, 551, 80-119 (1942).
(11) Org. Synthesis, Coll. Vol. III, p. 177
(12) Org. Synthesis, Coll. Vol. 1I, p. 13
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, Acetylene Dicarboxylic Acid Dimethyl Ester(I, R = e). Acetylene-
dicarboxylic acid (3.6L gms). was heated under reflux for eight hours with
100 cc methanol containing 1.0 cc acetyl chloride, The mixture was then
concentrated and desiccated several days. Yield, 3.90 grams. ,

1,2-Dihydrophthalic Acid (IV). Twenty grams of o-phthalic acid,
19.7 gms fused sodium acetate and 200.cc Hy0 were cooled to 14° C. The
mixture was stirred vigorously. To this mixture was added L0Q gms 3%
sodium amalgam and 60 cc 50% aqueous acetic acid. These reazents were
added in one-tenth aliquot portions at a time. *hen hydrogen was no longer
evolved the next portions were added. %“hen all of the sodium amalgam and
acetic acid had been added the mixture was stirred an additional twenty
minutes, and the mercury was drawn off in a sevaratory funnel. Next, 200 cc
20% sulfuric acid was added. After standing three hours the white crystals
were collected on a filter and crystallized from water vielding 8.0 grams
of white needles melting at 210-211° C (corrected). The identity of this
material as trans-l,2-dihydro-o=phthalic acid has not yet been established.

_ Diene Reaction Between. Acetylene Dicarboxylic Acid Dimethyl Ester
(I, R = Me) and Cyclohexadiene (III). Acetylene dicarboxylic acid dimethyl
ester (I,R = Me) (1.0 cc) and 10.0 cc XII heated under reflux on steam
bath twelve hours. The mixture was then allowed to stand six davs and the
excess cyclohexadiene was removed by distillation. The residue was then
heated to 180° for two hours and 10 cc acetic acid and 72,0 cc concentrated
hydrochloric acid were added and the mixture was heated, under reflux one hour.
The mixture was poured into excess water, filtered and desiccated overnight.
Yield, 1.20 gms dark material melting below 100° C over a 15° range. This
material was ingoluble in water, soluble in benzene, dioxane, acetic acid,
and aqueous sodium hydroxide. WYhen precipitated by addition of acid to the
sodium salt, a dark brown material melting between 145° and 160° C was ob-
tained. All attenpts to obtain a crystalline material were unsuccessful.
The use of -an alumina chromatograph was also unsuccessful. - Further attempts
with milder conditions of reaction are indicated.

Phenanthrene~9-c14 {13)

It was previousiihreported that model experiments for the_syn-
thesis of phenanthrene-9-C-* had been worked out. Phenanthrene=9-ClL has
now been synthtiesized at two levels of activity: ' :

1. 72.5 mllilgrams of phenanthrene-9aclh contalning 10.78
millicuries carbonulh per mole. The activities of the
barium carbonate-Cl& starting material and 9-fluorene-
carboxylic acid-10-C14 intermedinte are respectively
11.65 and 11.62 millicuries per mole,

2, Approximately 70 milligraws of phenanthrene-9-014 contain-
ing approximately 1 millicurie of carbon-1l4 has been
prenared.

-

(13) For previous work see Mon N-311, p. 9
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Thermodynamics of Coprecipitation (F. Vaslow and G. E. Boyd) P.A, CX3<5

Fairly extensive.studies durang the past quarter on the distribu-
tion of Ag* ilon between aqueous electrolyte solution and solid T1Cl has
shown that the coprecipitation observed in this case resulted from an ad-
sorption mechanisn. 8ince the object of this study has been to investigate
the behavior of systems wherein solid solution formation was responsible’
for "carrying", further efforts with (Ag + T1)€l have been discontimed.

Measurements of the distribution of Br~ ion between aqueous 1 Y
NaCl solutions and solid AgCl have continued. Much effort has been spent
to refine the procedures so as to obtain an experimental accuracy to within
0.5¢. This limiting accuracy appears to be set by the statistics of the
activity measurements which have been made throughout with a high-pressure,
Argon~-filled gamma ionization chamber., The great importance of temperature
control to within 2 19 was remarked upon previously. Further; attention
must be given to the purification of all reagents employed. Particular ,
care must be exercised in the preparation of the 34 h Br82 {racer to insure
that a known amount of inactive bromide carrier be present. In connection
vith this last point it has been found that the value of D, the distribution
coefficient, depends on the mole fraction of bromide in the AgCl even down

‘to the lowest concentrations attainable. Thus, values of D for O, 50, 100,

200 and 500 gamma of added Br~ were found to be: 130.6, 131.9, 132.5, 134.3,
and 133.3, respectively. Thia variation is consistent with the formation
of either a !regular" or a non-ideal solid solution of AgBr in AgCl.

Ion-Exchange Separations: Theories of Adsorption Column Performance (S. W. Mayer,

E. R. Tompkins, G. E. Boyd)

L. A. Matheson, among others, has pointed out that the breakthrough
curve was the integral of the elution curve. On that basis, an expression
for the former in termms of the plate theory may be written as: '

—— st _42
¢/ey = 0.5000 & /oY 2‘n’f o “¥/2 4
()

Where t-y;‘(F_KdB);
o [ky(x + k)]

4 L
o = [pl(;(l * Ky 3

¢ = concentration of the solute in the effluent; c, = concentration of
solute in the influent; p = number of plates in the column; F = number of
free=volumes of liquid passed through the exchanger bed; and K} = distribu-
tion ratio of solute in the exchanger to solute in the solution in any
portion of the bed, : .

.
v
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' Ion-Exchange Se tions: Purification of the Rare Barths (D. H. Harris,
E. R, Tompkins end G. E. Boyds P.A. CX3~5

Bffort during the quarter now c.omplet.ed has been directed in the
main towards improving the ion-exchange scparation of the middie group rare.
earths, including Sm, Gd, Tb, Dy and Y. Owing to the raletively larsge
abundance of yttriunm in the naturally occuring; mixtures of these eleients,
the problem of the separation was in many respects Lhe aost difficult yet

undertaken. The heavier earths including Lu, Yt, Tm and Lr may be scparated
in good purity as was demonstrated in LonC-361 (cf., Er-1). A repetition of
this last experiment (kr-2) showed the same excellent resolution of the heavy
earths, but no, or, at best, only a very poor, separation of lo, Dy, Tb and
Cd. Two additional experiments (Er-3 and Er-i) confirmed this. An upflow
e.lut:.on vwas employed in Fr-3.

Yore recently, however, a satisfactory resolution has been completed
.of a crude rare earth mixture (Er~5) on a considerably larger scale than with
previous eeparations of this kind. The starting material was 31.3 g. of a
partially concentrated yttrium earth fraction resulting from NapSO, and
KLFe(CN)é precipitations of a commercial yttrium oxide. The sulphate pre-
cipitation was used to eliminate sll the ceriun~terbium earths (except for
a trace of Th) and the ferrocyanide served to reduce the yttrium content.
In spite of this latter, the analytical results showed as much as 70%Z of
" the preparation to consist of yttrium. Judging Ly the appearance of the
elution curve obtained in the ion~exchange separation of this mixture, the
exchanger bed was overloaded with ytirium by three or four-fold, By virtue
. of the very low flow rate (0.025 to 0.05 cm/min) employed, an unusually high
rarse earth concentration was observed in the efflient solutions. For exaaple,
‘the yttriwas gave a plateau at a concentration level of 2.5 8- Yy /liter,
Roughly 85% of the Y was collected at this concentration. iilien this solution
was evaporated, yttrium citrate crystallized out. A solubility of about 3.8
g/1 (as Y203)-was determined.

The approximate coposition of the initial rare earth mixturc was
reconstructed from the results accunulated. The data of the following tahle
. gserve to illustrate thie counosition of the t pe of concentrate obtainable
using the chemnical method described,

A"pmxi::xa.te Comnosition of KEr-5 Earths

Lup03 2-3%
Ybo03 12-13
m203 1-2
Iz.r203 =5
o203 _ 2-3

_ Dy203 5-10
3203. : ~ 70

None of the earths was obtained pure, although fractions suitable for a final

purification wers obtained. All of the earths, excenting the dysprosium, were

free of yttrium., The yttrium contained no other earth than Dy (and possibly
‘ 8 trace of Tb) as shown by a faint yellow tinge in the Y203 preparation.

.
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Two additional yttrium earth separations are in progress. One
(Er-6) is being conducted as was Er-5 using the same bed of exchanger and
a starting mixture presuasbly high in Dy. A companion fractionation (Er-7),
which is closely similar to ixr=6, is being carried out using a smaller bed
and sodium citrate at a pH = 3,00 as elutriant, Incomplete results on
this latter have revealed that the sodium coprecipitated extensively with
the rare earth oxalates which are precipitated from the effluent solutions,
This nay render the use of sodium citrate impractical.

An attenmpt to separate a Sm=-Gd mixture has been completed (Sm-1)
since a material balance of over 97% has been reached. No separation was
observed in this prelininary experiment which employed a pH of 3.20 and a
flow rate of 0.05 cm/min. Evidently, the lowered flow rate was insufficient
to compensate for the increased rate of movement of rare earth through the
bed resulting from the increased pH.

The séparation and purification of ca. 15 g of scandium from
thortveitite has continued. Also, small scale operations have accumlated
considerable amounta of worked-over earths, both in the yttrium and in
the terbium groups. These are being produced faster than they can be
purified with the ion-exchange colwms presently available,

Radiochemistry of Elemsnt 43 (E. E. Hotta, G. V. Larson and G. E, Boyd)

’ P.A. CXi=3

) The following table serves to summarize some of the information
on the radioisotopss of element 43 accumilated both within and outside the
project during recent months.

Half-Life - Radistions Uass Comments
52m . Ae 2.5 (94) Yo(p,n)
7 2.8,
52<¢ 34 K - (95) Previously known
7¢0.25 & 0.84 60 d activity
42 d K o B |
R = 0.04 96 Mo(p,n); Y¥o(d,n)
7= 0.92 ~ ¢b( x,n)
88 a» I1.T.,e~ /0,097 - Previously known
5y ' 90 d activity
6.0h% I.7T.,0 70,136 99
'90‘03105- y ﬁ-0a32 . )
20 m (100)  Te(n,7); Rh(n,x)
5m A= 1.3 : ‘ 101 Previously known
' 7 0.3 14 m activity
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The characterization and mass assignment of a number of isotopes
which may occur in fission either through chain decay or by iddependent
formation has been aided greatly recently by the availability of the calutron
enriched isotopes of stable molybdenum. These preparations are being irradiated
with 20-22 lMev deuterons at the 60-inch cyclotron at Berkeley through the kind
assistance and cooperation of Dr. J. G. Hamilton, Thus far, three molybdenum
targets have been irradiated, and the previously known 4, 60, and 90 d periods
have been produced in good yields. The one irradiation of Y097 has indicated
that our previous assignment of the 90 d activity to mass 97 was probabtly
correct, .

A detemination of the half-life and energy of the beta radiations
emitted b; the long-lived elemsnt 43 isotope produced by the prolonged exposure
of molybdenum metal to pile neutrons has been carried out., Measurements of the
specific activity were conducted as follows: After extensive purification by
means of chemical and ion-exchange techniques to remove an initial rhenium and
molybdenum contamination, about 100 microgram amounis of Tc metal were electro-
plated on polished copper discs, which then were weighed on a semi-micro balance
and counted. Uncertainties as to counting efficiency, scattering, etc. were
‘minimized by electroplating a standardized Co 0 preparation which was counted
under identical conditions, The best average value for the half-life of the Tc.
activity obtained thus far has been 9.L x 10° years, A careful comparison of the
aluminum absorption curves for the beta radiations of the Te and the Cof0 acti-
vities showed the former to possess an energy slightly in excess of that for the
latter (i.e., 0.31 Mev) in agreement with the Feather extrapolated range-energy
determination.

Several attempts to prepare and characterize 7100 by neutron irradiation
of a purified sample of 7¢7? were made. A series of short irradiations has indi-
cated that the half-life of this isotope is probably less than 20 minutes in agree-
ment with the recent cyclotron observations made by Glendenin (M=3866), 26).

Irradiation of the enhanced Mo isotopes with pile neutrons has confirmed
the assignments of the 67 h and the 15 m periods to masses 99 and 101, respectively,
Irradiation of Mo has given prelininary indication of a molybdenum actiWity of
several hours half-period, . . ’ -

Chemigtry of .Technetium (&. V. Larson, E. E. Motta and G. E. Royd) P.A.CX4=3)

The extraction of pile produced elezent 43 from thirty cans of molybdenum
metal powder which had been-irradiated for one year has camienced, The first ca,
195 g aliquot gave a yield of 0.39 mg of Tc99, a value slightly less than was -
expected. As in previous extractions, an appreciable amount of the 90'h Re18 was
present in the first distillates as a radiochemical iapurity. It was observed,
however, that the Rey0q was distinctly more volatile than TcQOZ so that some puri-
fication was effected even in the first sulfuric acid distillation step, Rhenium
contamination was removed exhaustively from Tc by the use of anion exchange column
techniques. Earlier studies (MonN-243) had shown technetium to undergo anionic
exchange from dilute hydrochloric acid solutions when the anion exchanger, Amberlite
IR, was employed. Further determinations during the past quarter of the equili-
brium distribution coefficients, K3, for both tracer Te and Re initially present
in 0.1 N HC1 gave values of 1200 and 590, respectively. The ratio of these values,
2,03, showed that a column separation could be effected., Accordingly, a bed of
140/170 mesh IR~i, 88 cm x 1.0 cm?, was prepared. A mixture of Re and Tc activities
was then adsorbed and differentially eluted using 0.1 N HC1l and a flow rate of 0.5
ml/sq/cm/min, The rhenium appeared first in the effluent as was expected, and an
excellent symmetric peak of activity was observed. However, contrary to expecta~-




S I

tions, the element 43 activity was eluted in a broad diffuse peak much later
than the rhenium. The consequence of this behavior was that, although a good
separation of the Re and Tc was achieved, it was possible to realize only a
502 recovery of the Te activity. Conceivably this behavior resulted from the
reduction of the heptavalent oxidation state of the Tc,.

Long-lived Fission Product Rare Karth Radioisotopes (D. H. Harris, E. R,
Tompkins and G. E. Boyd) P.A, CX4-3 :

_ Observations on what may be a new long-lived fission product rare
earth isotope have continued during the past period. ?Presently, this
activity which was collected in the tail fractions of the yttrium peak
during an ion-exchange separation of a fission product samnple has shown a
decay of approximately 420 d. Its radiations appear to consist of soft
"electrons (E4 = 0.23 Mev), a soft gamma of roughly 0.1 Mev (3.3 g Pb/sq cm)
and a harder gamma of 0.5 Mev (4.2 g Pb/sq ecm). The position of the ac-
tivity peak in the ion-exchange column effluent supports the assignment to
Tplbl, However, the possibility of its being Eulsg has not been excluded.

General Ra?iochemistgy: Heavy Rare Farth ladioisotopes (B, H. Ketelle and
G. 5. Boyd

In the previous quarterly report (*on N-370) were summarized the
half-life values for two erbium isotopes and preliminary results from the
study of these activities with the beta ray spectrometer., The completed
study is reparted in the following abstract. '

"Two erbium activities were produced in ion-exchange(l) separated
erbium, by n,d reactions, and were studied with beta ray spectroneter and
coincidence techniques. (1) A 9.4 £ 0.2 d4 " emitter has been found. It
emits no gamma rays and has a beta ray end point of 0.33 £ 0,01 Mev. (2)
A7.%5%0.2 h/’" emitter has also been found. It has three alternate modes
"of 7 decay. 71 % 5% of the betas have an energy of 1.05 * 0.93 ‘lev and

are followed by two gammas of 0.305 2 0.010 and 0,113 # 0.005 '‘ev in cascade.
The J.113 !fev gamma ray is highly converted and has a half-life of 2.5 ssec
(McGowan and DeBenedetti). 6 X 1% of the betas have an energy of 1.45 T 0.05
fev and decay directly to the ground state of Tm. .22% of the betas have an
energy of 0.67 £ 0.03 "ev and are followed by a 0.805 * 0.025 “ev gamma,

From the disinteﬁration energies it appears that the 7.5 h period
should be assigned to Erl7! and the 9.4 d period to Er169,

A Tm activity of 500 * 100 d was shown to grow from the activated
Er samples; this is probably Tml71 daughter of 7.5 h Erl71."

On the basis of the fact that an erbium samnle decayed almost to
the background of the mica window counter, Tml7l was reported to have a half-
life of about 170 y ('fon N=370). Aluminum absorption curves taken on very
thin mica window tubes indicated that a soft radiation might be present in
thulium activity separated from neutron activated erbium. A number of samples
of thulium obtained from erbium bombardments and from thulium bombardments
vere measured on the vibrating reed electrometer and on the Simpson propor-
tional beta counter. These measurements showed the presence of a large amount
of soft radiation from the thulium obtained from erbium bombardments. This.
radiation decays with the above reported half-life of 500 % 100 d and appears

(1) B. H. Ketelle and G, E., Boyd, J. Am. Chem. Soc., Noverber 1947
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1o be of the order of 100 kevd~. It is absent in neutron activated thulium.

Yeasurements of old samnles of erbium from which thulium had been
separated showed that this soft activity was also present, though it could
not be efficiently measured through mica window tubes,

Further siudy is in progress to definitelyv indicate the genetic
relationship of the erbium and thulium activities..

’

!
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Yard Namma Measurements (Y. i. Levy, X.'ll. Feldman)

A method similar to that of S. Bernstein(1l) for counting &
of energy preater than 2.2 Mev, has been developed. The apparatus is
composed of a eylindrical tank 16" high and 16" in diamcter filled with
D0, The tank has a 3/4" well on top and a slot half way down the side
which contains a ursnium fission chamber 6" in diumeter. A long test
tube inserted in the well will rest upon the upper surface of the slot.
The fission chamber differs from previously used fission chambers oniy
in being larger in area and in having a substantially heavier deposit
of U235 on its median pl.t::, It is hoped thuat this chamber with a one
mg y235 per em? deposit will be more sensitive as a neutron detector,

““hen a sample inserted in a test tube through the top well
emits a hard ¥ a ( ¥,n) reaction may occur,

2 N1 1

followed by moderation of the neufron in the heavy water and finally a
fission in the chamber,

(2) ud3s + n _,9173367.__)fi5810n

The fission pulse is fed to a preamplifier, an A3 amolifier(z) and is
counted on a scale of 1024. This countins equipient allows for accurate
pulse heipght selection. '

Since the cross section for production of reaction{1l) by Js
above 2.2 Mev 1s known only in one case :und since the efficiency dependence
on the conatants of our apnaratus wic not known and not easily determi-
nable, a comparison method was used. This method consisted in the nuse
of Nah as a standard. The decay scheme of Yah is well known(3) and-
it is known there is one 2.7 Yev § per disinteeration and no other ¥
above 2.2 Mev.

" Manganese .

A hard ¥ of enerpy greater than 2.2 Mev has been found in the
radiations from 2.6 hr Un50, Its energy hus been determined as 2.7 Mev(h),

This is in apreement with previously known decay energies(S) if it is
a crossover § .

A sadple of ¥n%0 and a sémple of_Nazh produced in the Clinton
" Pile were compared for absolute disintegration rate in the calibrated high
pressure ioniz~tion chamber of Clark and Zumwalt 6) and then compared

(1)S. Bernstein. Renort ¢ YonP=172, 9/2L/46.

(2)P. R. Bell. Revort 4 MonP-~323, 7/28/17.

(3)Elliot, Deutsch and Roberts, Phys. Rev., .61, 99 (1942).
(A)?attenburg, Phvs. Rev. 71, 497 (917

(5)Elliot & Deutsch, Phys. Rev. 63, 321, (1943)

(6)Clark # Zumwalt. To be published shortly us an CHL report.



-101- I

in our heavy water tank setup. It was found that the efficiency of

the ¥ from the Nak for giving neutron counts in our apparatus was

0.6 x 10~7 per disinteeration. Then, the total number of disinteprations
being known for the Hh56, and the number of neutrons counted in our

apparatus being. known, the 0.6 x 10~7 factor was used to determine the
factor

Ymber of 2.7 Yev ¥ from }n56
Total number of disinteprations of Lnjs

It was found that the & occurred in .23% of the disinterrations. The &
did come from Mnd disinterrations as was shown by the half life curve

[Fipo ;7 and the fact that it originusted in a sample of Xn irr'dlated
'in the pile.

Radium ’

An attempt has been made to duplicate the experiment in the case
of Ra and its descendents, Definite evidence was found for hard &
emission in a series of radium sumples purchased from the Radium Corpc-
ration of America. See Table I. This table renresents counts made on
different days on a series of radium sources. It is obvious that the
inconsistencies are greater than statistical fluctuations would warrant.
On the other hand no trend is discernible except that the lirhter
samples gave hirher counts. This might be explained on the basis of
the "amicrophonic character” of the counting arrangement 2), Or, it
might be attributed to impurities. The presence of Thorium C in the
samples as a likely impurity would account for some high counts,

However, there seems no doubt that a hard 3 is present gnq
has resulted in neutron counts from radium and its descendents. I1If we
tzke all the values for the counts from the radium sample MSA 154
(10 mg Ra) + some later counts, the averare result is:

37.0 4 2.6 fcounts per 100 sec/per 10 mg Ra

Mo ahsolute fractional value can be assirned te these hard § because

they are not senarable as to energy and efficiency if there are two or
more occurring with enerries ereater than 2.2 Yev., According to various
workers 7) the ¥ emission goes no hicher than 2.2 Yev. Some Russian
workers(g), however, find that there are at least two §'s factually emitted
by Rad7 one of 2.2 and one of 2.4 Mev and the extent of these two is
10.9% of all 5 emitted in the series.

If we attemnt to ascertain an absolute number of hard § per
decay, we are unable to do so becanse no abhsolube meas:irement can be
made in our ann&rltus, there is no way of distinguishing the two: I
postuluted and there is no reIiable comparison § emitter as there was
for !'n

(7)R. D. EBvans, J. Ind. Myg. Tox., 25, 266 (1943) pives a review of
these results.

(8)Alichanov and Latyschev, Jour. Phys. USSR 3, 263 (1940)
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Table I
Total No.
Sample No. | Size of Sample | Neutron Counts C/100 sec/10 mg Ra
21620 1.72 mg 328 ' 5.8
21619 897 67 ) 82.9
| MSA 154 4,87 297 46.2 (Sealed by
Radium Corp.
f . 2<18-44 )
MSA 149 10 639 - 41.0 (Sealed
2-11-44)
€1-C 23.35 98, . 40.1
Mart K2 2173 36.2
21619 .897 : 625 | 197 :
21620 | 1.72 : 675 74.8 ?
MSA 154 L.87 1028 L9.5 ;
1S4 149 10 1030 35.8
C1-C 23.35 I 1046 39.3 :
21619 897 2433 226
Cl-c 23.35 2464, 37.3
21620 S 1.72 1050 65.6
Hal‘t liB ° 2 . [0997 . : 35 o 6 '
MSA 154 4.87 1792 Lo 42.0 i
MSA 154 4.87 P 1952 51.0
C1-C 23.35 2057 i 38.1
Hart. 48,2 i 2672 ! 40.1
MSA 154 487 L 23 ; 53.0
. . ‘ :
Hart 48.2 4130 : 9.1
C1-C 2335 1197 | 39.6
MSA 149 - 10 : 4566 i 40.7
MSA 154 L.87 ! 8590 i 59.1
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An approximition can be made, however, if we use the 10~7
factor determined for Ma?4 in our appurntns. e can assume that the
efficiency factor for the 2.2 and 2.4 Vev § found by Alichanov would
be the same in our anparatus as a 2.7 Yev/” . This is a S
reasonable assumption as shown by the relutive flatness of the curves
of fBreit and Condon{%?) who caleulsted the cross section of D for the
( & ,n) reaction as a function of the cnerry of the ¥ . It will at
least rive information of the correct order of marnitude,.

Since the Ra cunsule was sealed in 1944, the series members
are in equilibrium throurh C' and C''. So, if RaC is the descendent
that is emltting the hard Z, it is in eouilibrium with the parent.

‘Then, usine the efficiency factor 10~7 and making the assumti-
. ons described -in the nrevious paragraph, the number of hard & per RaC
.decomposition, when in equilibrium with 10 mg of Ha, is obtained from
thesedata: The 10 mg Ra source, sesled in n pas tirht capsule pave

37 neutron counts per 100 sec and must therefore have had .37 x 10
hard ¥ emissions per sec, 'Since the number of disintegrations in 10 mg
R? is 10 x 3.7 x 107/sec, +the fraction in which a hard § occurred is
1/100.

i

Other Substances

Similar atteapts to find hard & in other substunces pave ﬁhe
following results.

Substances o, Heutron Counts : Sanple Size or lctivity
cob0 . None 5 d
Natural XK - None 1 gm
s37 ~ Slightly above back- 1 R®

ground ' '

Spent R* tube . Slightly above back- 10 tubes

' ground
Pu None - 1.4 mc
c134 : ‘ - Yone _ 1R
Au - None : 6 R
Spl2h Ylone . LR
Gal? \bove backpround 6 R

It was our intention to obtain a series of & emitters which
had enercies from 2.2 to about 5 Mev so that an exnerimental determination
of the shane of the cross section curve for comparison with the '
theoretical curves of (X ,n) cross section in the case of deuterium could
be made. This would pive definite informution as to the shape and denth’
of 'the potentisl well as well as type of forces in the deuterium nuclsus.

(9)Breit and Condon, Phys. Rev., 49, 904 (1936) '
#The R values ure Roenteené7ﬁ;. at 10 cm measured through 2 mm Al ¢ 10 cm

air ¢+ 1.5 cm bakelite. ‘ :
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So far, a suitable series of activities has not been found.
But there are several hard § emitters /of fairly skort life as is to
be expectqé7 in fission products and an attempt to identify these

will be made. If thev prove useable, then the above program of
experiments will become possible. ( :

Selenium.BQ:Mass Assirnment (H. A. Levy, !!'. I'. Feldman)

The 57 m Se activity has becn assigned tentatively to mass 79
or 1(1)(2 . Theoretical consid-r 'ations indicate the muss 8l as the
more probable of the two. ’lass yield curves in uranium fission indicate
this activity is 8l. In addition Bohr-"heecler calculutions indicate
Se79 should be long-lived(3),

Since stable isotopes of Selenium, enriched respectively in
Se’® and 5eB0 were available to us, an experiment to determine the
correct mass assignment was planned. Samples of stable isotopes Se’8 and
5e80 were irradiated in the Clinton Pile usnd the resulting activities
studied by means of a standard Gelipger-Muller thin window counter. It
was expected that one of the two samples would rive the characteristic
57m activity with f energy of 1.5 Mev.

‘ctually, hoth samples pave only the 57 m 1.5 Mev beta activity.
(See Fipmires 1, 2, 3, 4 for half life and rediation characteristics). ‘
This, of course, is due to the fact that the enrichment is not nerfect.

However, the 57 m 1.5 lev specific activity resultine from
irradiation of Se80 was about 200 times =reater than that resulting
from SeT8, '

It is concluded from this ratio of activities that the correct
mass agsignment is 8l. Also, the additional conclusion is possible that
the Se79 activity is either v?rv short or vew lons compared to 57 m,
with the latter more probable 3), ' :

(1)Snell, A. H. Phys. Rev. 52, 1007 (1937)
(2)Senborg, G. T. and I. Perlman ~ BC-59
(3)7ay, K. - Private communication
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Chemistry of Ruthenium: (M. D. Silverman, J. A. Swartqﬁt)

I. Introduction:

' - Experimental work on the fundamental chemistry of ruthenium,
initially reported in MonN=370, is being continued., In general,
emphasis is now being placed upon a study of the higher valence states
(VI, VII and VIII). Included in this work are the vreparation of pure
compounds and their identiflcation and characterization by spectro-

photometry.

II, Preparation and Characterization of Ruthenates and Perruthenates:

.Considerable difficulty was encountered in the preparation ?
pure KpRuO, and K Ru0, according to the directions in the literature. 1,2)
These salts contain water of crystallization and are very hygroscopic.
Both are crystallized from a strongly alkaline media by evaporation under
vacuo. In preliminary experiments pure salts were not obtained in either
. case, However, what appeared to be a pure ruthenate was obtained in the
forr of the barium salt, Ba Ru0 This was prepared in the following
‘manner. RuCl, was heated with éilute HS0; until the distillate no longer
gave a test f%r chloride. was added and the mixture heated on a
water bath. The crystals of Ru6 which distilled over were collected in
an ice-cooled receiver., A saturated solution of Ba (OH)., was added to
‘ the tetroxlide and a fine red crystalline precipitate of Ea RuD, was ob-~ .
tained. This preciritate was filtered, washed with distilled Hy0 and dried
over Drierite, Preliminary results from an X-ray diffraction determination
indicated that the compound might be isomorphous with Ba MoO, or BaWo,.
The composition of Ba Ru0, is being checked by a barium analysis ‘and the
density of the salt is being determined. Subsequent experiments indicated
that it was unnecessary to eliminate chloride ion in the preparation of
Ba RuO,; RuCl, is oxidized directly with HySO, and KinQ,. The RuQ formed,
although containing some HCl, reacts readily to form the insoluble Be RuOAQ

III. Spectrophotometric Data:

Prevaous work had ‘shown the existence of an absorption peak for
.Ru = at 4650A . - The curve cbtained for a 0,0002M solution of Ru0,s in
ﬁ KOH is shown as Curve A on Figure I, which is a plot of optioai density
Iogf FAT e versus wave length, A solution of pure RuOL in Hp0
was prepared by the first method given above and its absorption spectrum
was determined with a Beckmann spectrophotometer, - The results are plotted
as Curve B, Two absorption peaks in the near ultrauvioiet appear to be
present for gu(VIII), primary {or higher) one at 315 and a secondary
peak at 38504', Curve C was obtained for a solution of Ba RuO, in 0,05N
HC1; the formation of this dark greenish-colored solution is aseribed to
the formation of perruthenate, Ru0 4 , as a result of the following dis-
'proportionation. ‘ .

Ru0zs — B+ RuOj- 4 Rubp |} -

. The perruthenate ion is unsteble and alsoc disproportionates:

RuQé”-—————————€>'RuQL T & Ruﬂéag ' '
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The green color of the solution disappears with time at a rate which is
accelerated by heating and black RuOp precipitates from solution. The
tetroxide which is formed is easily identified by its characteristic osone-
like odor. These results will be further checked and extinction coefficirnts
determined for Ru0;=, RuDL- and 0, solutions,

Iv, Progggp
Future work will include the determ:l.nation ‘of the reversibility
of the RuQ,=, Ru0,~ system (potentiometric titratiom) for setting up an
E.M.}I. ce to obtain thermodynamic data,

Other methods of preparing a pure perruthenatears being investi-
gated.

7. References, . _
-1, Debray and Joly, ®Compt. Rendu 106, 1494 (1888).
2, Krauss. Z. Anozg, Chem. 132, 301 (1924).
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Effects of Heavy Particles on water and Aqueous Solutions (A. O. Allem,
€. J. Hochanadsl, J. A. Ghormiey, G. V. Eimore, J. W. Boyls, B. M. Haines,
D. M. Rioh"dson)o P.A. CX5~20,

Decomposition of Pure ilater Under Pile Radiaticn

Effect of state of aggregation of water and ntorul of container.
By repeated distillation &n fuzed siiioca, water of spe ty
3x10-7 mho/cm was obtained. Specimene of this water in uuhd fused sinu
ampoules were irradiated in Hole 12, as water at 25°C, and as ice at ~u0°C
(ampoules packed in dry ice). After irradiation, the ampoules were opened
and the water analyzed for dissolved gases and peroxide. The water ampoules
were practioally full of water, with negligible vapor space; the ioce
ampoules, about 2/3 full. Results are given in Table 1 in terms of micro-
moles of product per kilogram of water present.

Table 1

“Decomposition of Pure Liquid Water and Ioe
In Silica Ampoules Under Clinton Pile Radiation

' Irradn, Product Concentrations, il

State ‘Time LI Uz ¢ HpOp 2
Ice 2 min. 8¢8 1.1 6.4 0.5
‘ " 13.2 0.156 18.4 1.1

30 -mno - - 3307 -

1 hour 196. - 75. 02, | 1.7

" - - 111. -
liquid 1 hour 24,2 5.1 19.6 0.8
" 2803 8‘»7 10-8 505

22 hours 377, 145, 116. | 5.

" 333, 120. 152. | 3.

The initial rate of decomposition of ice is lesz than for squeous
solutions (see previous quarterly reports) but the back reaction in ice is
much less pronounced than in liquid water, so that much more decomposition
is found in the ice after an hour's exposure.,

Reproducibi lity end material balence are poor in all cases:
Since the water is carefully purified, these bad effects are to be ascribed
to the action of the material of the containing vessel. It ia noteworthy
that the effects are as bad in ice as in liquid water. Since radiation
activation ocours throughout the material, and the. active molsoules or
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radicals cannot be supposed to migrate readily through the ice to reach.
the wall, the perturbing impurity must be distributed throughout the body
of the watér in the form of colleidal particles or motes. The photo~
chemical decomposition of hydrogen peroxide in aqueous solution in glass
vessels has been shown by several investigatoras to be greatly influenced
by the presence of motes, whioh coms out of the glass walls.

It wae thought that silica ampoules might be replaced by
aluninum containers, if the metal were suitably treeted so that it would
give little reaotion with water, Tests were made in which rods of
aluminum, treated in various ways, were sealed with water in silica
ampoules. Three mestal rods, 3/16" in diameter and about 2% long, were
sealed with a few cc of water in each ampoule. Anodized Al ylelded in 6
days only 3 micromoles of hydrogen per liter of water; Al boiled in
distilled water gave 40-60 micromoles; Al treated with HNO3 gave much
more. (In Pyrex ampoules, more hydrogen was alweys evolved than in silica.)
The corrosion resistance of either the anodized or boiled Al was thus
fairly setisfectory. On irradiation, however, the aluminum was found to
give considerably more radiation decomposition of water than occurred in its
absence. Thus in 2 hours®' irradiation, 597 and 947 UM hydrogen were
formed in the presence of anodized.Al, and 1130 emd 1230 MM with boiled Al,
together with comparable amounts of oxygen and peroxide. Al s, therefare,
a worse surface than glass for study of radiatiom effects in water.

Other materials end surface treatme_nts are being investigated.

Temperature effects. To determine the effect of temperature on
the steady-state lewvel of products in water decomposition, a emall furnace
was placed in Hole 12. Temperature of the furnace, measured by a thermo-
couple connected to a Brown recording controller, was maintained within 1°
of any desired walus. Water was irradiated in the furnace in ampoules of
the “directersading™ typs, in which the pressure of gas over the water is
determined without opening the ampoule, by meens of a boiling-point measure-
~ment. The ampoule wes lkept at one temperature until a steady value of the
preasure was reached, &s shown by successive prossure readings giving. little
- change; then the temperature was changed and held at the new value until a

now steady-state pressure was attained, :

’

The pressure history of the ampoules is shown in Figure 1,
Ampoule "A"™ had bsen irradiated above the furnace at about 369C, and had
attained a pressure of about an atmosphere. On being placed in the furnace
at 1109C, the pressure dropped to about 6 cm and remained constant. except
for a -continual rise of about 0.05 cm per day which was presumably due to
egeing of the walls. Ampoule "B", introduced luter than "A", ettained a
steady state at 2.6 om. When the tempereture was increased to 150°C, the
pressure in "A" dropped to 4 om and in "B" to 2.0 cm. The. the temperature .
was dropped to 42° and the pressure rose markedly, to 31.6 om in "A" and

19 cm in "B". Although the pressures attained in the two ampoules are dif-
ferent as usual, owing to adventitious impurities, the temperature effect
on the two was similar. Thus high temperature promotes the back reaction
and reducos water decomposition by radiation. The result is of interest in
connection with proposed use of high-pressure high-temperature water-
moderated reactors for power production.

-
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An attempt was made to verify the temperature effect by expos-
ing sealed ampoules, full of water, for various times at different
temperatures, then determining the eamount of decomposition by analysis.
The results.were inconclusive, beczuse of the usual irreproducibility. !

It could be argued that the increass in back-reaction rate at
-higher temperatures in the direct-reading ampoules was not occurring in
"the water at all, but rather in the gas phase. Such gas phase reactions
are unlikely to be importent, since the gas absorbs very little energy
compared to the liquid, Moreover, the temperature coefficisnt of the
‘Hp=Os reaction produced by alpha rays is not very great (lLind). Now-
ever, a teat of the rate of baock reaotion in the gas phase was thought
desirable. Ampoules, comnected to a manifold by narrow caplillaries. were
£filled with electrolytic Hp-Op mixture, the capillaries were plugged with
ice by freezing a small drop of water in each ome, the manifold flushed
with air, and the smpoulss sealed off above the ice plug. The amount of
water in each ampoule was 80 smell that it completely vaporized at room
temperature. Unfortunately, exaot results were not obtained, since the
initial pressure in any series of ampoules was not exaoctly the same :
(probably because the ice plugs were not quite tight). Of six ampoules,
exposed in the pile for 20 or 56 hours at 110° or 1500 C, five showed no
significant drop in pressure; the sixth contsined no gas, probably because
of an accidental explosicia. It may be fairly concluded thet reaction in
the gas phase is not an important factor in fix.’mg the ateady-state level
in water decomposition. .

Decomposition of wWater in Solutions Under Pile Radiation

The exiatenoa of a real ateady-state pressure over 1 N sto.g

_ solutions was demonstrated by approaching the steady state from both sides.
A number of ampoules, 90% fuil of 1 N HpSO4, had been kept for a long tims
in Hols 12 at "Position ~3" (24" below the center plane of the pile). Some
of these were opened and analyzed, and showed a partial pressure of 25 atm.
of hydrogen. The remsinder were put back in the pile for a week in the

more active "Positien ~1" (6" below center) surrounded with 3/4" of laad,
which by reducing the intensity of gamma radiation tends to raise steady~- -
state pressures in the pile. Two of these ampoules were opaned and analyzed,
and showed hydrogen pressures of around 29 atm. The remalning ampoules were
roplaced in "Position =37 for two woeks, and on opening again showsd hydrogen
pressures of 25 atm. This is comsiderably lower than the pressure of 45 atm.
which had previously been found on long exposures in Position ~1, and which
appeared to be still increasing. Since the previous measurements, the pile
loading has been changed, and it may be that the character of the radiation
has changad in the direction of leading to lower steady-state preeaureso

A crmprehensive study of the kinetios of reactions ooeurring in
chloride solutions is planned. With sufficient solute presenmt, reproducible
results can be obtained, since the effects of the solute icns overwhelm
those of the "motes" or other adventitious impurities. Chloride 1s chosen
in preference to any other solute because its possible reasctioms are s
relatively simpls, giving some hope of deteiled intarpretation of the reac-
tion mechanism, and the water decomposition is not so sensitive to lts
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breasnce as to the presence of bromide or 1odide, so that reasonably
high concentrations of chloride may be used without suppressing back-
reaction entirely. Because of the pronounced effect of bromide, the
. ohloride solutions must be as fres as possible from bromide impurity.
Some potassium chloride has been purified by repeatsed chlorination and
reorystallization, and apparatus for deasrating the solutions and seal-
ing them in an atmosphere of puré helium has been set up-

Monitoring the Radiations in Hole 12

Energy 1s imperted in two ways to material pleced in a pile=--
ebsorption of gamma rays, and moderation of fast neutroms. To understand
the chemical reactions occurring, it is essential to know how much energy
is being given to the material in each of these ways. The theory of the
pile does not give an exaot account of either the gamma-ray intensity or
the fast neutron spectrum at eny particular point in the pile. It is,
therefore, desirable to measure these quantities at the same point at which
chemical experiments are conduoted.

The total enorgy abaorbed by a‘materiél can be measured ocalori-
metrically. A measurement of this kind waé mentioned in a previous report,
but the result 18 not believed to be very reliable because of numerous
possible sources of error. Calorimetry in the pile is diffioult because
not only the material of interest but also the calorimster walls, thermo-
couples, otc,., avolve heat at different rates, so that temperature gradients
are all abnormal. Also, the calorimeter must be made entirely of materials
vhich do not decompose badly under pile radiation. Considerable time is
being spent on designing a calorimeter that will give reliable results on
energy absorbed by different meterials under pile radiation.

: As a first step in examining the fast neutron pictwre, a comparison
of the "fast flux" was made at the three positions in Hole 12 which had been
used for exposure of HpS04; solutions, and which had shown such different
‘results in the amount of as evolved by these solutions. Fast neutrons were
moasured by the & n,p reae.t’.:i.omn Identiocal samples of concentratsd
C.P, Hp804 were irradiated simultaneously in the three positioms, and the
phosphorus activity was counted without separation. The irradiated acid .
was diluted with 9 volumes of water, and 15 A aliquots of this solution were
neutralized with NH4OH and mounted for counting in a atandard way. The chief
extranoous aotivity present was 855, a relatively weak f-emitter (0.107 Mev)
which could repdily be shielded from the counter by a 55.5-mg. Al absorber.
Both 859 and are purs P-emitters, and the absorption ourve showed ths
virtual sbsence of any ¥ radiation in the samples, indicating the absence of
impurity activities. Each sample was followed for one half-1life (14.3 days)
or longer, with counts being taken every 2-3 days, and the aastivity at the
start was determined by the method of leesst squares. Any sample which
showed @& half-life differing from the true value more than allowed by the
statiatical counting error was disocarded. The absolute counting rate wasa
determined by comparison with Dr. Zumwalt's P2 standard. The absorptlon
ourves were found to agree exactly with those of the standarde .



by & 24=-mil cadmium foil.
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Another semple of !{2804 was oxposed on enother day, shlelded

Comperison of shielded and unshislded results \

should show if amy large part of the activity arose from thermal neutron
aotivation of phosphorus impurity in the H,S0,.

A thermaleneutron~-flux determination for the entire length of
Hole 12 has been obtalned by Mise Arnette.

the fast neutron monitoring in the three positioms, with the ratios of the
thermal fluxes at these positions included for comparison.

"Faet

. Table 2

flux" at Three Positions in Hole 12

Table 2 gives the results of

(Normalized to 100 Mw-hr, 1 mg.
S at time of romoval from pils)

Position |No. of Dis. per . Ratio to activity at
(inches below | samples - | Counts min. at Active highest position
center) counted | per min.|zero absorber| atoms |"Fast %ux" %ermi Tlux
6 4 10600{8)} :
6 5 11300 2.19x10° |6.52x10° | 100 100
16 3 11100 2.15x10° |6.38x10° 98,2 96.9
24 - 5 10900 2.11x10°  |6.27x10% 96.5 93,1

a) Cd shlelded

The Cd~shielded sample gave a count only a few per osnt loss then -

the others, showing phosphorus impurities to be of small importance.

The

“fast £lux™, as msasured by n,p on sulfur, is seen to vary little with

‘ This makes it harder than
ever to explain the difference in behavior of H,50, solutions on long ex-

It may be that the fast flux varied more

a8 botween these positions when the experiments were performed (last spring),
and has since been evened out by changes in pile loading.

position--less in fact than the thermal flux,

posures in the three positions.

Decomposition of Water Containing Tritium

As mentioned in the previous report, the walls of the silica
ampoules used for containing tritium water are permeable to helium, vhich is
A As the tritium decays, the
helium pressure builds up within the ampoule to a point at which the helium

formad by decay of the tritium atoms present.

is diffusing out as fast as it is formed.

The activity of the tritium with-

in the ampoule can then be determined accurately by measuring the rate at

which helium comss out.

The rate can be determined by placing the ampoule

in a system of soft glass, which 18 not permeable to heliuwmn, allowing the



gas to acoumulate for soms time in this system, then transferring the ges

to a system which contains a calcium getter for removing any contaminating
gas and a Piranl or Mclecd gauge foar measuring the quantity of gas. Measure-
ments of this kind have been made on two ampoules, and it was found that the
rate of helium formation was constant after about two weeks in an ampoule
oonteining tritium of the order of a curie. Only helium diffuses through
the walls of the silica ampoules; the quantity of tritium coming out was
undetectable in an ionization gauge, indioating the rate of escape of
tritium to be less than 10710 gurie per day.

This is the most relisble method known at present for determin-
ing the activity of a semple of tritium. Measurement of the heat produe-
tion from the seme ampoule in Dr. Jenks® calorimeter will give an acourate
measure of the average energy per disintegration for tritium. By combining -
this figure with the heat production from another sample, which will
oontain a lnown weight of tritium as determined by gas density measurement
(Sweeton and Jenks) a value for the half-life of tritium cen be obtained.
An independent half-life valus can also be obtained by noting over a period
of many months the drop in the rate of helium production from a tritium
water ampoule. Thie research should yield the most aceurate values yot
ocbtained for the radiocactive disintegration constants of tritium.
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Adsorption (T. 7. De™itt)

The egeneral outline of a research program on the removal of
fission product rare gases has been proposed.

. Adsorption seems to offer the hest possibilities at the moment.
This is particularly true since heats of physical adsorption may be as
much as doubled over the usual values on such muterials as charcoal, with
consequent increases in adsorbent cap:city of one to two orders of
magnltude, by employing adsorbents with pores of molecular dimensions.
Such mnterials exist naturally and mipght be made artificially.

Further consideration of data on adsorption on materials of
very fine pore size, leads to the conclusion that’ they might be used
as molecular sieves, nermittinc the passare of small carrier gas molecules
and screening out larger molecules such as Kr, Xe, I and Brp. Continuous
and effective removal of the radioactive rare gases and ‘halogens might
thus be achieved rather simply. “hile the production of suitable mem-
branes for such an operation might pose some difficult problems, materials
with such properties do exist and their preparation with suituble nroperties
cannot be considered hopeless. The compar:tive simplicity and effectiv-
ness of such a removal should justify consideruble research effort
devoted to its study.

: The proposed program envisages three simultaneous lines of
attack: (1) a study of the adsorption . equilibrium and kinetics on
materials of fine pore size, (2) studv of the diffusion of gases through
membranes with pores of molecular dimensions :nd, (3) a study of the
premarztion and properties of materi:ls with nore sizes of molecular

-dimensions both for adsorbents and diffusion membranes. A sample of
the natural zeolite chabazite has been obtained through tte courtesy
of Dr. P. H, iimmett. This material when.dehvdrated has pores of the
order of 5 ® in diameter. Tt will be used in exploratory adsorption
studies with krypton and xenon.
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A Comparison of 'ethods of Estimating Surface Areas of Crystalline Solids by
Gas Adsorption (S. Ross)
. 1

: A previous report(l) gave the adsorption isotherms of ethane at
-183° C on cube crystals of NaCl and KCl. The results obtained were there
interpreted as indicative of a two~dimensional phase transition of ethane.

The nature of these isotherms makes it possible to compare some of the
methods that have been proposed for estimating the surface area of crystalline
solids by means of gas adsorption. B

A The following table gives the results of these comparisons. The
values used for the incompressible area per molecule for the gaseous and con-
densed phases on NaCl and the condensed phase on KC1 were obtained from the
‘erystallographic unit cells of these substances. It is postulated that the
ethane molecules would be at sités of maximum adsorption energy on the sur--
face lattice and that the condensed phase is renresented by a configuratiocn
of less entropy than the gaseous phase. From these conditions it is possible
to visualize models for the phases and derive therefrom the incotmpressible
area per molecule, as given in the table. . /

Comparison of Surface Areas Obtained by “ethods Proposed by Various Authors
from the Vapor Adsorption Isotherms of NaCl and KCl Crystals at -183° C

£1 ~ Cube Crystals of NaCl
| Portion of Isotherm Used
{¥onolayer | Incompressible | Specific
~ Lower | Upper | Capacity Area per Surface
Author Description | limit | Limit |in ccemm/ queﬁg}e in
- . | : of p/y |of o/, | gm at OC in ' cmz/gn
Gregg(?) | Gaseous Phase | 0.007 {0.027 | 20.0 3.7 2250
Gregg(?) |Condensed Phase{ 0.07 |0.165 | 43.5 15.8 24,33
geT (3) Condensed Phase| 0.06 |0.22 27.8 23.0° 2260
' . and Multilayers
‘Harking gnd | lultilagers | 0.11 |0.77 — - 2350
Jurald . )
2 - Cube Crystals of KC1
Gregg(2) [Condensed Phase| 0.04 {0.11 49.0 19.7 3416
ger(3) Condensed Phase| 0.04 |0.14 L2.2 23.0 3430
and 'tultilayers ) . ,
Harkins and | Multilayers | 0.08 |0.38 ——- —— 3930
Juralk

(1) S. Ross, 'fon N-311, pp. 99-103 :

(2) 5. J4. Gregg, J. Chen. Soc., (1942), 696

(3) S. Srunauer, P. H. Emmett and E, Teller, J. Am. Chem. Soc., 63, 309 (1938)
(4) W. D. Harkins and G. Jura, J. Chem. Phys., 11, 431 (1943); 1dem, J. Am. Chenm.

SOCn, é_é) 1366 (19141‘-)
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A detailed accouht of £he methods of calculation and a discus-

sion of the significance of the results is in progress of preparation as
a report from the Chemistry Division,

Cloud Chamber Studies - P.A. CXA-1 (Ralph Livingston)

Cloud Chamber Ogeration o

A larpe number of cloud’ chamber pictures were made with a 5.4
curie polonium beryllium source. In a rapid study of the pictures,
only two fisaion tracks were found.

In order to ret a higher neutfon flux, the decision was muode
to move the chamber 4o the pile.

A number of pictures were taken of uranium alphas in order to
.improve the chsmber operation. Tetrac¢hloro-Z~butane pave good results
for the first few davs of operation, and it will probably be used in the
first work at the pile. A moderate supply is available.

Arrangeﬁéntn have been mhde with K-25 to obtain a supnly of
816=Cly. This material may be used for later work.

Pile Facilities o ;

The installation of equipmant at the pile is essentially complete.
A collimated neutron beam, about 1/ inch x 2% inches is taken from the
pile and the chamber so positioned that the beam enters one of the slit
shape windows. A barricade in back of the chamber stops the beam.
Provisions have been ':macde to later install a thermal neutron beam shutter
so that the chumber will be in a thermal neutron flux only at the time
of expansion. The control circuits, lights, etc. have also been installed.
The radiation backpground with the cham“er in plsce and beam on pives
about four hours working time near the chumber.

The chamber has been cleaned out and is now being refilled.
The twin lens stereo~czmera has been completed, and the mirror system for
use with it is nearing completion.:
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Calorimetry of Radioactivity (G. H. Jenks, F. 1l, Sweeton)

I. Measurement of the Average'Energ§ of the Betas from Tritium Decay

For this determination, samples of tritium already available
at this laboratory will be measured in the P -calorimeter after purifi-
cation and analysis for the protium-tritium ratio.

It is planned to purify the gas sample by passing it throueh
palladium and to handle the purified gas in a system in which it will
come into contact with only e¢lass and mercury. The protium-tritium ratio
will be measured by determining the density of the sample with a gas
dens:.t.y balance, .

At the present - t:.me, most of the components of the rlass system
have been constructed and are readv for assembly. #lectrical controls
for two automatic Topler pumps have been assembled and the mercury for
the system purified. A pgas density balance made entirely of acuartz
except for the fulcrum which consists of two tunpsten tips cemented to .
the beam with silver chloride hus been constructed. Preliminary test
of the balance show it to be sensitive to about 0.1 ,Up which is sufficient
for this work. . .

‘ : II. Yodifications of Calorineter

The reproducibility of gas evolution rates with the )3 =calori-
meter described in report MonC~410 became fairly erratic recently. The
cause of this trouble was traced to a partial loss of vacuum in the
calorimeter head shown in Fig, I of that report. A new head was built
‘with some modifications which caused the tube connecting the calorimeter
with the pressure system to be cooled in the outer bath. Satisfactory
sengitivity of the calorimeter has resulted. 3

The calorimeter Dewar shown in the drawing mentioned above had
a neck with an internal diameter of 6.5 mm. and samples were limited to
that diameter. In order to carry out some measurements on pgold which
were planned, it was necessary to use samples of larger diameter than
6.5 mm. and a new calorimeter Dewar was re~uired. The new calorimeter
was built exactly like the old one except that a larper tube (9.0 mm.
I.D.) was used for the neck. A ground plass adapter was made so thuat
the new calorimeter could be fitted to the existing calorimeter head.
The adapter increased‘'the lendth of the jJoint by 7 mm. Calibration of
this larzer calorimeter has shown it to have the szme background heat
evolution and sensitivityv as the smaller one.

III. Search for a 65 Kev Camma in the Decav of Aul98

‘ A 65 Kev 4 in eascade with th?-’ 412 ¥ in the decay of Aul98
‘ . has been renorted by Feather and Dainty 1), 1fa garma of this enerpy
: does occur in a majority of the disintesrations, it should be vossible to

(1) N. Feather and J. Dainty - Proc. Cambr, PRil, Soc. 40, 57 (1944)
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detect its presence with the /B—calorimeter by using an absorber which
selectively absorbs the pamma in question.

Procedure

Approximately 15 mg. of rold foil (10 me/cm?) were encased in
“one mil. aluminum foil and rolled into a cyvlinder of about 2 mm.
diameter and 2 em. lonr, After irradiation, this sample was nlaced in
a praphite cyvlinder with the followings dimensions: 7.5 mm. 0.D., 3.5 mm.
I.D., 2 cm. in length. This sample was then plice:d in the 1?r.e colori-
- meter Dewar described above and the absorbed energy mensured\2),
Following this measurement, the calorimeter was disassembled and the
graphite, including the ends, was covered with a 0.147g/cm? silver
absorber and the energy arain measured. The resmlts of four repeated
energy determinations are shown in the table.

Table I
;  Tatts x 104
Run - Time,lours Rate (At time of |Vatts x 10%
No. Absorber  |(Middle of run)!(Arbitrarv units)| messurement)|(Zero time)
1 |Calorimeter- 3.1 - 0.972 A 1.83 1.90
2 |Calorimeter bl 0.955" 1.80 1.86
3 |Calorimeter ¢ 23.8 0.789 1.47 1.90
0.147 g/em? Ag '
4 |Calorimeter ¢ 25.6 0.778 1.45 1.90
0.147 g/em? Ag , .
5 {Calorimeter ¢ 27.3 0.761 1.4) 1.90
© 0147 g/en? Ag
6 |[Calorimeter . 51,2 0.617 1.13 1.96
7 [Calorimeter 53.4 0,605 1.11 1.96
8 |Calorimeter ¥ 72.6 0.490 0.882 1.88
0.147 g/cnm? Agl ’
9 ICalorimeter ¢ © T75:3 0.477 0.857 1.92
0.147 g/cm? Ag ' .
Discussion

Since the disintepgration rate for this sample has not yet been
determined, the energy absorbed per disintepration is not known. How-
ever, using the mass absorption coefficients for the components of the
calorimeter and for silver, it was calculated that when the silver absorber
is added, the measured cnergy should increase by anproximately 2% due to
increased absorption of the hirsh enerpy gammas. If a gamca of about 60
Kev, enersy occurs in every disintezraticn, the absorbed encrey should
incresse by about 8%. The last column of the table of data shows that
within + 2% no increase in the absorbed energy occurred when the silver
was added. ‘

{(2) Por details of the meaaureﬁent, see report MonC-410
]
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Spe.ctra of the Heavy Elements and Rare Earths in Crystals and Solutions (S. Freed,
F. J. Leitz)

Absorption spectra of crystalline AmCly kindly furnished us by
Sherman Fried of the Argomne National Laboratory were taken on a grating
in Viadsworth mounting having a dispersion of 5A/mn. in the first order.
(The quantity of the material available was several micrograms.)

The spectrum consist,ed for the most part of sharp lines even
at room temperature, comparing very favorably with the sharpesti of rare
earth spectra. The lines varying fron about 1A to 5A wide were at 3160,
3350, 3380, 3640, 3670, 3770, 3780, 3800, 4400, 4570 and LO30A.
addition there is a doublet at LO50A and regions of absorption at h250A
and 5090A whose structures have not as yet been resolved.

Preliminary observations at the temperature of liquid nitrogen
indicate a partial resolution of the ab$orpt10n at 5090A with a line at
- 5120A appearing above the background.

' Our results may be accepted as excellent verification of
analogies drawn between the electronic structures of the ions of the
heavy elements and those of the rare earths. In fact the analogies, in
the 1lipht of these sharp spectra, extend not only to the electronic con-
figurations of the ions in their basic states but also to the configu-
‘ rations of the excited electronic states,
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Polarography of Ions Encountered in Pile Process Solutiona (H., H. Miller, L. B. Rogers)

The applicability of the stationary platinum electrode for semi-
quantitative work in polarography lias been investigated with geveral ions.
The ions investigated were those which might bs found as major constituents
or impurities in plle process solutions. Because various anions might be
present inm such solutions it was desirsble to study the half-weve potentials
in different background media. The backgrounds selected were 0.10 M HF,
HNO‘Sp' H2804 and HCl. - :

The polarographic technique was that described in onC-236. The solid
electrode was a bright platinum wire, 1 mm. long and 0.5 mm. diameter, seaied
in a glass tube.

The half-wave potentials are listed in the following table. A& comparison
of the potentials for different lons in a given medium indicates that in most
cases the waves would not be separated sufficiently to allow a mixture of these
ions to be analyzed.

Half-lave Potentials
(In 0.1 ¥ Backgrounds)

1,00 x 105 M " HF HCl HoSOy ANO;

Solution E '

K201‘04 $0.42 $0.448 40,428 *

20.133 | 0,156
CuClpo2Ha0 - 2048 0.128 | 0,096 -0.081
‘ =0,02 <0,176

FeClz -6H20 No wave #0507 . x »

Pey (S04)3°(NH4)5804° * . +0.421 x
2Ho0 ) . )

NoHg (M%) $0.457 | <0387 <0382 40,324

U0,C1, No wave No wave No wave No wave

sNot analyzed. , .



Rlectrolytic=Polarographic Studies of‘_ Silver and Palladium Complexes (J. C. Griess,
' — = T "~ Lo Ba. Rogers)

Polarographic Experiments

. Since the last report, it has become necessary to obtain more acourate
values of the half-wave potentials of silver and palladium in various complexing
media. The values previously reported were obtained with an sutomstic recording
polarograph but were not checked with a potentiometer as were those reported belaw-.
The helf-wove potentials of silver in verious concentrations of sodium hydroxide and
sodium cyanide wereo determined in a similer manner.

An attempt was made to examine the reversibility of silver and palladium
reactions by means of the polarograph and stationary electrodes. The procedure consisted
of pleting a micro platinum electrode with a thin ecoating of the desired metal. The
electrode was then placed in a given background sclution and a polarorram recorded with
the direction of polarizetion reversed from that used in obtaining e normal curve. When-
ever the reaction was readily reversible the digsolution wave began at a potentisl more
positive than that of the reduction half-wave. '

The value of the dissolution potential) listed in the table below was thet
where the firat indication of a wave appeared on the polarogram. While this manner of
choosing a dissolution potential 1s arbitrary, the valuss obtained are suitable for
‘the purpose of csomparison. It cen be seen from the following table that reactions in-
volving silver are readily reversible whereas the palladium reactions are irreversible
with the exception of the one in cyanide solution. Since the_silver reactions are
reversible, it ia possible to ecalculate formal potentiels, (Er) from the half-wave values
of silver (1) which agree within about 0.1 V. of the E® values reported by Lletimer (2).
"n the case of palladium it would be diffioult, if not impossible, to calculate the E°'s.

» * » * » * * * *
Polaropraphis Falf-Wave and Nissolution Potentials Using a Mioro Platinum
' Electrode and Millimolar Solutions of Silver and Palladium (II) in Several
Complexing *edia

Background AE ' Pd Pd

Solution Eg Diesolution Ed " Dissolution

B ’ N POto Poto

0.1 M NapS,03 0,41 <045 >e0.7# 30,07

0.5 M KCKS “0:22 <0528 0043 40026

0.1 M NH,OH -0.02 <001 - =0:80 0039

0.l M NaCN ~0,84 =0.89 ' > =0.8% ~0,71

0,06 M YaCN

8.0 M NaCH -0.856 =0.92 >=lo2% =0,80

0.1 M 'laCN '

1.0 M Na(H =079  =0.76 2 =la8x . 0,85

0,6 M NaCN L .

1.0 M NaH : «1,08 =087 7@101* ~0,88

©

AlT potentialg were measured against a saturated calomel electrode and were obtained

ote
using millimolar oconcentrations of metal ions and a micro platinum electrode.
’ sHydrogen evolved at this potential-

. T1) See “onC-236 and Kolthoff and Lingane's "Polaropraphy” for more detalls concerning
this type of calculation. : '

(2) Latimer, W.M., "Oxidetion Potentiala", Prentice Hall, New York (1938).
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. In order:to check the validity of the data obteined polarographically
esoncerning the reversibility of the reaction PA%<—"Pd%¢ & 26, cathodes containing
palladium activity were electroly,ed at potentials sbove and below the dissolution
- potential to see if any palladium was removed during the electrolysis. These
electrolytic studies at potentials near the dissolution wave are analagous to
studies near the polarographic reduction wave which were reported previously.
The :procedure was as followss Four millimolar palladium tracer solutions were
prepared, each onu containing one of the following as supporting electrolyte:

0.1 M NaCN3; O.1 M MH4AMH; 0.3 % KCWS; 0.1 M Na9S203. Two aliquots from each
solution were electrolyzed (3) for a period of time long enough to plate a
- measurpble amount of palladium on the cathodes. The aathodes were removed, counted,
and then reinserted in their respective cells. The electrnlyte from which the
cathode was originally plated was returned to each cell, One cathode was @lectrolyzed
at about 0.1 V. more positive than the polarographiec dissnlution potential end the
other about 0.1 V. more negrtive than the dissolution potential. At the completion
of a three hour electrolysis, the cathodes were removed and counted,

Electrolytic Data

The results below indicate that the electrolytic behavior in the nsighbor-
hood of the dissolution wave is chaeracteristic of thet for a reversible reaction, i.e.
pleting occurs at potentials more negative than the dissolution potential and

dissolution at more positive potentialse -
. * & - % * »

Checks of the Polarographic Digsolution Potential by Removal of Activity from

Cathodes. i

Background Dissolution c/b on Cathode Cathode pot.* ¢/m on Cathode

Solution Potentigl«+ before Flect. during Elect. after Elect,

0.3 ¥ KCNS 4026 7,020 $0.100 16,900
' $1,000 ° +0.380 11,700
0s1 M NapSp0O3 =0.07 7,100 50,200 5,490
4,140 =0.100 7,290
0.1 if NHgOH 40,39 | 34,600 +0.200 " 40,200
' ' 36,000 : 300530 24,500
'};‘1’ fj NN:(% 0086 3,310 ~1,150 11,300
® o 28,900 0,700 6,200

*All potentlals measured against a saturated calomel electrode.

Determinstion of Separation Factors

The valus of a separation factor has been found to depend very heavily
upon the amount of silver that can be plated out: In the last report (4) the
rapid and extensive dissolving action of the cyanide ion on thin silver films was
menticned, Therefore, to retain traces of silver on an electrnde, it is.necessary
to remove the cyanide solution from the cell before breaking the oclrcuit. Previously
this was oarried out by removing the ocyanide with suction and, et the same tims,
adding water to wash the cell. Recently it has been found that «ven this procedure

(3) The electrolyzing vessel was a cell of the type described by D Be Phrlinger,
’ "0[\"“3119 Po 198, ]

T e s B



allows some dissoiution to take place. It is posgsible to avoid this difficulty.
however, if instead of water a solution of an electrolyte is used in which the

123-

"B of silver is more positive. Many electrolytes were found to be effective.

0.1 ¥ EC1 is convenient to use and it has made possible the complete regovery
of silver from solutions as dilute as 1013 1,

e ol e A 4 et e ) & S e———

Separaticn factors, believed to be more accurate than those givanli?
the 1last report, have been obtained for the separation of carrier-free Ag "~
from palladium in thiocyanate, thiosulfate and emmonia media; to date the re-
determination of separation factors from a cyanide solution has not bsen
undertaken. The values listed in the table belogw are felt to be of greater
acouracy because: 1) The actual number of A3111 and Pa199 atoms as determined
experimentally in our leboratory have been used in oaloulating the separation
faoctors. The previocus resgults were based on theoretical caleulations only.

%) New voltage regulators capable of controlling the cathode potential to

< 1 mv. have been obtained. 3) The improved technique descrided in the
preceding paragraph was used for washing the cathodes, thereby minimizing losses
of the deposit. :

The procedure used in the preparation of the sample and in the eleotrolysis
was the seme as that described in the last quarterly report (4). The results
listed in the table below are for an electrolysis time of thirty minutes and a
golution volume of twenty milliliters. : ‘

. e s e

Separation of Trace Amounts of Silver from Mﬁcro Amounts of Pnlladium
" Using Thiosyanate, Ammonla, and Thiosulfate Salutiosng.

- Support ing Cathode® % Ag % Pd Separation
Eleotrolyte Potential Plated Plated Factor
0.3 ‘M KCNS «00100 16.0 0.089 230
=00220 2704 0,15 180
<0.350 43,6 - 0,80 50
0.1 M NHyCH 40,150 804 0.008 950
: 0,000 15.0 - 0.007 - 2000%»
=0,026 2903 0,006 - 5400 *»,
"00350 4704 0014 - 3&)
Os1 M NapSp03  ~00260 a3 0.018 260
: . =0.,410 11.7 0.018 660

=0.500 21.9 0,086 250

*All potontials measured against a saturated calomel electrode.
**This value is being checked.

Maltiple Electrolyses

It has been found that pure Aglll activity can be obtained by carrying
out multiple eleotrolyses. Following the first eleotrolysis, the cethode
depoait was dissolwved in & fresh background solution and then reelectrolyzed.:



Because palladium was plated reversibly only from a oyauide solution, it was
necegsary to use a cyenide solution in all ocases.

=12~

The solution was prepared as follows: A 10 mg. sample of palladium was
irradiated in the pile for a given period. Ilpon removal from the pile, the
sample was dissolved in a minimum of sulfuric end nitric¢ acids. The excess
acid was neutraliged and sufficient sodium hydroxide and sodium oyanide added
to make the golution 1.0 M in sodium hydroxide and O.1l M in sodium cyanide
when dilut¢id t? 100 mi; the palladium and silver conoentrations were approximately
105 M and 10-11 W respectively,

A 20 ml. aliquot of the solution was electrolyzed for threo hours at

a cathode potential of =1.,200 V. vg. S.C.E. Then the electrolyte was replaced
by 20 ml. of & 1.0 ¥ NafH = 0.1 M NaCN solution, and the polarity of the cell
reversed for thirty minutes in order to remove both the palladium and the
silver from the cathode. The cathode potential was readjusted to =1.200 V.
vgo SoC.Es for three hours at the end of which time the cathode was removed and
a ?I.Tiay curve plotted. In all cases the decay curves have indicated a pure

activity, To date a yield of 73% of the total Ag 111 has. been realized;
with an improved techniqus it should be possible to increase this yield te 90%.

: Studies are now in progress to determins electrolytic reduction waves
for silver from a cyanide solution where the silver conoentrations are sither
abave or below those necessary to give s completely covered cathode. In-

‘addition, studies of the rate of deposition are beinpg made from similer solutions.

The Eleotrodeposition Behavior of Traces of Silver (D. P. Krause, L. B. Rogers)

An attempt was made to duplioate the work of Ehrlinger, published
in previous quarterly reports, on the electrolysis of nitrate solutions containing
trace amounts of silver. Improved techniques were introduced far: 1) Preparation
of active silver solutions of known oonaentrations end; 2) Vashing of the cathode
at the end of the electrolysis.

Carrier-free silver wasg prepared by the multiple-eleoctrolysis method of
Oriess. (See the preceding sostion iii this report by Griess for the method
and the quantitative data regarding the separation of palladium and silver),
Cathodes from the multiple electrolysis, having esgentially pure silver activity,
were stripped into a 0.1 M KNOg solution containing a known emount of deed
dilver, The amount of sllver added fram the stripping was insufficient to
alter the concentration in the range in which the work was carried out.

The data on electrolysis of a 5.0 x 10™ M Ag? solution indicated that
deposited silver was being physically removed from the cathode when washing of
the cathode was oarried out by the procedure followed by Ehrlinger. Therefore,

a different technique was adopted in which the bulk of the electrolyte was
removed by suction to the point where the anode and probe were just under the
surface of the solution. Then the potential on the cathode was changed to a much
more negative value and the cell was flooded with a streem of water. The weater
was removed by suction at the same rate as it was added. Flectrical contact

was broken by sucking the cell dry only efter the washing had been completed.’



4 : -125-
Experimental Details

500 mlo of a 10°3 ¥ Ag* solution was prepared by weighing 0.0849 grams
of Merck Silver Witrate (CLP, ¢rystala) and dissolving it in 0.1 M KNO3 solution.
A portion of this was used to strip silver aotivity from a platinum cethode
rrepared by multiple electrolysis,

The pH was adjusted to 4 with dilute HNOz end KOH. Before the solution
was uged, it wes observed that turbidity developed in the final solution, and
on gtanding overnight a visible precipitate appeared. The solution was fliltered
and the filtrate used in all electrolyses. Nephelometric enalysis of the :
filtered solution by D. laValle gave the concentration as 5.0 x 10°% M 4n Agﬂ
This indicates that one half of the Ag® present had been removed by preoipitation
with C1® present as an impurity in the KNO; and the distilled water. :

Controlled cathode electrolyses were carried out on 25 ml. aliquots of
the 5,0 x 104 M golution at potentials between ¢.500 V. and «.200 V. (vss S.C.E.)
Duplicate five hour electrolyses were run in each cass. The next table is a sumery
of data obtained. A plot of the ratio Ac versus potential indicetes that the 25091
Ao
for the § x 107 M solution is approximately .35 V. The plot of A, = Ag versus
potential gives a value of =.36 V. for Egpge - g
% * » * * * % % %
The Percentage of Silver Deposited on a Silver Electrode From a $.0 x 107% ¥
Solution as a Funotion of Electrode Potantialo

Potential ] Percent on Cathode Percent Plated Material
(vs. SCE) After Wash Ao = Ax Balance
Ag : A x 100 Ag
— X 100 - Fo — x 100
-Ag Ao
1 +,.500 <64 - Y- 94
2 +.500 49 13 87
3 4,400 T 4.4 ) 14 21
4 +-400 «67 : 10 21
5 4860 33 44 o 90
8 +.360 39 } 46 97
T - 44300 81 ‘ 93 87
8 +2300 : 68 . 98 73
94 4.300 A 86 95 1
10 #0280 76 29 78
11 +.260 7 . . 100 _ 7
12» 40260 82 98 ' 94
13 » 44200 69 82 113 ¢
14» $.200 46 100 100
Ag = potivity of cathode.
_Ag = Actlvity of solution after plating.
Ay = Total activity (cathode plus solution after plating).
Ao = pAotivity of original solution 5o°6 % 10% ¢/m,

*0n these runs the activity of the wash water was measured and included in Ay,

if it is assumed that the activity in the wash is from meterial that had been
deposited on the oathode and then phyaioall removed during the washing ocess,
the material balances are as follows: ig 856%; Run #I12 = 92 };13 = 95%3
Run £14 - 100%. In these experiments, 100 10% is consi ered satis faotoryo
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A 10°5 M Ag solution was prepared in s manner similar to that used for
the § x 10~%4 M solution except that 6 ml, of a stock 108 ¥ golution was
diluted to 500 ml. with O.1 M E¥Oz. The pH was again adjusted to 4. NWo
turbidity or precipitation was observed. The solution was stored in a brown
bottle to eliminate the possibility of decomposition. Controlled cathode
electrolyses were carried out in dupllcate for flive hour periods on 26 ml.
aligquots of tho solution. The potential range was from ¢,600 V. to 4,150 V,

In all oases the improved washing technique was used. 125 ml. of
distilled water were used for washing. The wash was diluted to 250 ml. and
1000 A of this evaporated to dryness for counting. A table summarizes the
deta obtained. The plot of Ay versus potential gives the value £.22 for E50%
vy A
% % * » » * % ® *
The Peroentege of Silver Deposited on & Silver Fleotrode from a 1.0 x 1076 u Silver
Solution As a Function of Eleotrode Potential,

"Potential Percent on Cathode Percent Platedx Matorial
(ve. SCE) After Wash Ag = Ay Ba lance
~ 2e x 100 i A '
i , - x 100
0 ‘ Ag
?5503 . ’ 296 28 ) 75
= o BOO 4.4 28 7
=0401 5.7 » is 0
=5402 4.4 12 93
=0368 T 5.7 13 a3
-o3562 %08 iz 92
-.298 8.8 18 88 .
4300 8,0 27 81
=0298 To2 ‘ 24 . 84
=0 2468 2.6 - 28 86
=s248 9.4 26 83
«s2B61 . T.2 24 . 84
o825 38 _ 50 ‘ 87
o223 - 82 ‘ 61 : 101
=020 : 60 . 66 ' 94
=200 87 . 86 101
- 200 83 : 84 98
o250 S 100 97
-0 1560 99 100 99

A(‘b z 2,88 x lwcﬁo
sCaloulated from the emount of activity found in the wash solution (Ay).

The shift in Egoy between the concentration 5 x 10~% ™ and 10°0 ** is in
agreement with that predioted by the abbreviated form of the Nernst equation.
The oalouletion shift is 10 V. whereas the observed shift is .12 V.

_ , -5
Bhrlinger did not observe any shift in E lues between 10°% and 107° M
solutions. ngver. ..i8 data in t'hg eritical oX“o 135 is too sparse to allow

a definite conclusion to be made. Furthermore, his method for the preparation

of the standard active solutions was such that thare is a possibility that the
concentrations he reported were in error. .

Work will bz ¢ _ont%?ued along the same lines at decreasing concentrations of
Ag“ ion (10°7, 10-9, 10-11} to aheek the ahaervstion m:de by Fhrlingsr that at
(4]

v Cuh e

teentrations  less than i:hg%:aat which a monolayer is deposited on the cathods

a positivs shift in Egozis obtalined. _
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Adaptation of the Hanford-Type Liquid-Liquid Continuous Extraction to the
Solvent Fxtraction of Uranium with DIethyl Ether (W. Davenport, W. Ryerly)

Small amounts of uranium must be determined in the samples of the
1235 recovery process (1). These samples will be radioactive end it would
be advantegeous to separate the uranium from the interfering ions and from
the major portion of the radiocactivity. Solvent extraction offers a means
of separation and decontemination. On highly radioactive solutions it is
necessary to work with small semples at a distance in order to reduce the
lovel of thse redicactivity to which the operator is exposed. This may be
done effectively with the Hanford-type liquid-liquid extractor (2) if it can
be shown thet guaentitative recovery of uranium will be effected with e reasonable
volume of solvent. ' '

Extractions using varying volumes of snlvent indioéte 98% recovery of
uranium is obtained if a volume ratio of 19 to 1 for solvent to aqueous is
- usedo. '

Aqueous solutions (2.1 ml, of a 2.3 molar aluminum nitrate solution
at a pH of 0.1 containing 600 ¥ of uranium) were extracted with volumes of
diethyl ether ranging from 10 to 50 ml. to give the following results:

*Extraction  Volume Ratios Percent Recovery
. Number ‘ Vs/&g )
1 4.8 74
2 " 9.5 w0
3 14.3 97
4 19,0 98
5 23.8 Y

Fluorophotometry (P« Thomason, U. Koskela, W, Byerly)

In a former guarterly report of the chemistry division (3), a brief
statement was made as to the fluorophotometric precision and accuracy in the
rangs of 0.00056 to 1.0 miorograms of uranium. The maximum deviation of a
single value from the average of six was listed as ebnut 60% while the
raximun devistion of this average from the true value was listed as about
¥15%. The firgt galuo of 60X has dbeen improved to about 16%, and the second
from 2 16% to 2 10#s The higher precision seems to be the result of better
distribution of thé uranium in the sodium fluoride caeke. The later resultes
were obtained by adding the liquid samples to a fused sodium fluoride cake and

(1) "2E" Recovery Flowsheet, June 4, 1947. ,
(2) HoE.VWe Laboratory “anual, Apparatus Section, AE-23f.
(3) Byerly, W., Sadowski, G., MonN=311, p. 205,



fusing again. Heretofore the sodium fluoride was added to the dried sample
in a pletinum dish and fused. '

It 48 desireble to have permanent fluorescent standards with which
to check the stability of the fluorophotometer. As the fused sodium fluoride
uranium cake is hyproscopic, it is not suitable to be used as a stendard,.
Three uranium glags dises made by fusing varying quantities of uranium glasa -
(Corning No. 3750) with soft glass ta give different intensities of fluorescence
are being read as standards. The glass standards have the fluorescent
equivalent to approximately 30, 87, and 218 milligamme of uranium, which is
the optimum range of the fluorophostometer for the determination of wranium.
The maximum deviation of the instrument or standards has been & 10% from the.
average reading. When the glass standards read elther lower or higher than
normal the devietion of aell three glass standards eagreed which indicsted the
fluctuation was in the instrument rather than in the standards.

The influence of radioactivity on the photomultiplier tube used in
the fluorophotometer will be studied. Methods using thie instrument for the
determination of other elements also will be investignted in the future.

Colorimetric Determinetion of Aluminum (E. Hanig, W. Byorly)

The volumetric aluminum method (1) now being used for the samples of
the 1255 recovery process is not adapted f-r remote control operation and
therefore as the radioactivity increases a more guitable aluminum determination
must be developed., Several colorimetric methods for the determination of
aluminum have been investigated. The chloroform extraction of aluminum
quinolate as outlined by Gentry and Sherrington (2) was tried without asuccess.
The results were erretic and a stendard curve could not be repeated.
Purificetion of chloroform did not improve the precision.

. The most promising of the colorimetric methods tried uses quinalizerin
as the complexing reagent as recomrended by Rolthoff (3). The pH is oritiecal
and an ammonium acetate buffer is added to hold the solution to a pH of
5.6 = 6.7+« The transmission of the color complex is read et a wavelength of
540 millimicrons with a Beckman DU Spectrophotometer. The method will

determine aluminum in the range of O - 30 miorograms in the presence of

30 micrograms of iron and 30 miorograms of uranium. This amount of iron and
urenium ias greater than that expected in the 1236 recovery process samples.

Remoto Control Sampling (H. Hemphill, W. Davenport, W. BRyerly)

Pour remote control eamplers of the revised planograph type (Clinton
laboratory drawing No. 252) have been installed in the enalytical laboratory
in Bldge 706-D. These samplers are used to deliver 1 to 500 A of a radicactive
solution. A remote pipette ejector (Clinton Laboratory drewing CD-264-A) which
engbles en oparator to remove a radiocactive miocro-pipette from the sampler at e
safe distance has been designed and is in use. '

A mercury column sampler has also been devised and used to deliver 100)\
samples with maximum deviation of $7%. This ssmpler may be operated with zero
visibility, however, it does not have the desired flexibility.

(1) Lundeil, G.E.F., Knowles, H.B., Bur. of Stds. J. of Res. (1929).

(2) Gentry, C.H-Re., Sherrington, L.G., Analyat 71, 432 (1946),

(3) Eolthoff, I.Y., J. Amer. Fharm. Asoc. 17, 360 (1928).
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Solvent Extraction of Plutonium end Cerium (J. E. Rudgénso F. Lo Moore)

Invegtigations into solvent extraction techniques capable of separating
cerium and/or plutonivm from other elements contained in samples submitted
by the Clinton laboratories heterogeneous pile program have been continued
during this report period. Separetions made by extracting cerium from aqueous
solutions with nitromethene, nitroethane, nitropropane, chloroform, normal
hexyl alecohol, etc. were reported in the quarterly report of the Clinton
Leboratories Chemistry Division for the months of June, July and August (1),
e were unable with a limited number of equilibretions to extraect the cerium
quantitatively intc these organic solvents.

The extraction of cerium and plutonium with bengzene solutions of the
chelate complexes thenoyl trifluorcacetone (TTA) end trifluoro acetyscetone {(TFA)
'hes been reported by Thomes and Crandail (2), Greenlee end Winner (3) separated
the $4 valence state of plutoniun from other valence states of this element by
extracting with TFA. The extraction of calcium and scandium with solutions
of TTA was reported by Tompkins and Broido (4) end calculations to show the
dependence of the distribution coefficients on the pH of the aqueous phase
were slso given. Since TTA was readlly aevaileble in this laboratory, the
prineipal effort has been expended to determine the conditions best suited to
the extraction of cerium and plutonium with benzene solutions of this complex.

Studies of the Fxtraction of Cerium Activity

Survey experiments have been completed to determine the pH of the
aqueous phase and the congentretion of TTA in the benzene phase best sulted . to
the quantitative extraction of cerium activity. Since accurate pH adjustments
are difficult and time -sonsuming in routine ‘enalytical practice, it was desirable
to determine the oriticality of the pH adjustment. In these experiments, ceris
adtivity was prepared by heating corium tracer obtained from the radiocisotope
group (G, Wo Parker) with ammonium persulfate end dilute nitris acid. = The
oxidation of the cerium was shown to be complete by performing experiments under
similar conditions using maocro quantities of cerous nitrate. The tracer solution
after preparastion was then adjusted to the desired pH and equilibrated with
5 ¥ solution of TTA for two minutes. Aliquots of the organic phase were then
evaporated and counted for beta activity. The results of these experiments
are shown in Table 1, Puture work will be concerned with determining the
effect of small changes in the hydrogen ion concentration on the distribution.
coefficients (percent extraction) for the pH range of from 4 to 6.

1. Hudgens, J. Eo and ‘foore, Fo L., Mont=370, Sept., 1947
2. Thomas, J. R. and Crandall, M. W., CN=3733, Dec., 1946,
3. Greenlee, R. Wa, and Vinner, B. M., CN=3676, Psb-.v 1947,
4, Tompkins, P. C., and Broido, A., MonN-311, June, 1947,
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Table 1

P

Extraction of 0064'w1th Benzene Solutions of To To Ao

Extraotion Co Extracted
Conditiona . pH (% of Ce activity added) .
Equal vol. of 6 ¥ 0,16 0,68
ToToAa SOlﬂo
2 Min., Equilibrations

" 00456 1,96

w ’ ) 0091 2046

- 1.46 6.40

. 2,23 b2.73

" - 2691 706,10

w t 3,41 77 .28 .

" . 4,01 89.94

v - 4,50 92.24

" 5,04 50,02

" 5.38 94,81

n 5,90 82,58 .

The effsct 6f the coneehtretion ofvthe TTA in the benzene solution on

the distribution coefficient was determined by equilibrating T™TA benzene
solutions of different concentrations with equel volumes ~f cerium tracer,

The pH of the solution before equllibration was adjusted to 4.5 pH units end
the TTA sciution equilibrated with the aqueous phase for two minutes. A surve
having'a relatively amall slope was obtained and the greatest extraction
(highest.gzs distribution coefficient) was observed at a TTA concentration of

aq

5 Mo A more accurate determination of this curve will be made in a fortheoming

experiment o

Fxtraction of Plutonium Activity

The extraotion of plutonium from aqueous solutions has been investigated
by Crandall and Thomes {2) and these authors have given data and equations

from whish distribution cocefficienta can be calculated.

The invegtigations

repcrted hore were therefore limited to those necessary to make the extraction
methods usable by the pergonnel cherged with the responsibility of performing
the analyses. As a first step, oxidation and reduction experiments were performed
to determine the concentration of oxidizing or reducing esgents neocessary to
reduce plutonium 6 and to oxidize plutonium <3 to the extracteble +4 valence
state. In contradiction to the predicted behavior, plutonium tracer which had
been doiled vigorously and allowed to stand overnight with 0,01 M potassium
dichromate containing 0.5 M nitric acid, was extracted quantitatIvely. The
addition of hydroxylamine hydrochloride (0.2 ¥) or of hydrazine sulfate (0,02 1)

'did not reduce the plutonium quantitatively to the non-extractable ¢3 valence




state, while the addition of hydrogen peroxide (final aqueous solution 0.90%
Hzch) reduced the distribution coeffioient org. . to approximately 0.26.

: 8q
Since sodium bismuthate is a very effective oxidizing resgent for plutonium
a solution of plutonium tracer (0.9 M nitrioc acid) was boiled with this reagent
for several minutes and then'equiliﬁ;ated with a 5 M solution of TTA in
bentens., The plutonium wes quantitatively extracted. From these experiments
it ocan be concluded that under certain sonditions the 6 valence state of
plutonium is extractable with the TTA o mplex. ’ :

Purther experiments to establish the conditions best suited to the
extraction of plutonium activity from samples representative of those to be
submitted by the heterogeneous pile program will be performed and these !
rosults reportsd in the near future. »




4. TECHNICAL SERVICES TO CLINTON NATIONAL LABORATORY RLESEARCH GROUPS

Electron and Optical Microscopy, Electron Diffraction (L. T, Newman,
T. E. Willmarth)

1. Corrosion Film on Aluminum

In the experiments of R. Van Winkle (Sec. 2, Tech.

Div.) on the heat transfer from aluminum tubes to hot deminer-

alized water it 1s found that a film is formed on the surface

of the aluminum, which lowers the heat transfer appreciably.

The film grows rapidly during the first few days, but vhen it

reaches a thickness of the order of 1 to a few microns 1t'

becomes reasconably protective and grows very slowly therveafter.

It seemed worth while to study the nature and structure of the

film, and to investigate the possibility of forming more suitable
. f1lms by pretreatment, or by altering the conditiomns, e.g. pH;

Corrosion films can be stripped from aluminum surfaces
by immersion in mercuric chloride solution (Keller, J. of App.
Physics, 193 696, 194%) so it 1s possible to examine the films
by optical and electron microscopy and electron diffractbn and,
in the case of the thicker films, by x-ray diffraction.

Briefly, the results of such examinations are:

‘ ’ ' (1) On the tubes as received from the manufacturer
there is a film of the order of 0.05 microns in thickness
(estimated from resolution obtained in electron micrographs),
which appeers to consist mainly of amorphous material plus
some small crystals, which do not give a sufficiently good
diffraction pattern for satisfactory identification. This 1is
in agreement with the literature which says that natural oxide
films on aluminum are from 0.01 to 0.1 microns thick according -
to their age.

(2) During the HF treatment, which has. been used in
cleaning the tubes for the experiment, the old film is removed,
but a thin, amorphous film of the order of 0.01 to 0.02 micron -
thickness forms quickly on reexposure to air.

{3) . After exposure to the hot demineralized water
- for one day the film 1s much thicker, approximately 0.10 to 0.25
microns. Since no lines are obtained by electrondffraction it
must be presumed to be amorphous.

(4) After exposure to the hot demimeralized water
for longer periods the films are too thick for transmission
electron microscopy or diffraction and, because the films are
electrical insulators, 1t 1s 4difficult to examine the tube sur-
» , face by reflection electron diffraction without a lov voltage
. electron spray. However, experiment showed that these thicker
films could be examined by x-ray diffraction and the materilal
has been ldentified as small crystals of boehmite (see M. Bredig,
this report). According to the literature this is the usual
corrosion product when aluminum is exposed to hot water.

0



Some preliminary experiments shov that the thickness
of these films is of the order of 1 to a few microns.
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(5) One tube was given a pretreatment consisting of
heating in a steam bath in a weak dichromate solution for three
weeks and this tube has given a rather remarkable performance,

. as compared to untreated tubes, in the heat transfer apparatus

{see Sec. 2, Tech. Div. Report, Nox. 15). The film on a tube
given this treatment vas only about as thick as that vhich forms
naturally in one day in the hot demineralized water. It was
amorphous in nature, as judged by the lack of lines in the e-
1ectron.diffraction pattern.

This experiment makes it seem very probable that a
more satisfactory film can be formed by pretreatment than that
vhich forms naturally in the hot demineralized water.

{(6) A literature survey has shown that there are
numerous ways of forming films on aluminum for protection
against corrosion, but in many cases the films appear to be ‘too
thick for use in this particular application. There 1is the .
further consideration as to whether preformed films will stand
up for the required time (one month), especially in view of the
rapid flow rate. Since a variety of properties are required in
a satisfactory film, it will probably require considerable ex-
perimentation to get the best compromise.

(7) This work is discussed in more detail in CLM-LN#10.
2. Beryllium Cxide

About a dozen specimens have been examlined in con-
nection with the Power Pile Division program. Results will be
given at a later date wvhen the experiments, which these specimens.
111ustrate, are completed.

3. Resins Used in Jon Exchange Columns (CLM-LN#9, Sept. 26, 1947)

Since particle size, slze distribution, and particle
shape are factors which affect the use of these materials, a
record of the various resins available is being used - see Fig. 2.
Certain other factors, such as eolour, surface roughness, etc. are
also being recorded since they may be evidence of structursl
changes which affect the exchange behaviour.

A current theory of the structure of these resins in
that they contain coarser channels leading to successively finer
channels. Such channels were sought by optical microscope ex-
amination of the original particles and of polished sections.

No evidence of the existence of such channels could be found, so
that if they do exist, the largest of them must be smaller than
could be resolved under the conditions of examination (approxi-
mately 1 micron). The transparency of the particles and absence
of scattered light are also evidence that the presence of such
channels 1s unlikely. Therefore, unless there is good adsorption




evidence to the contrary, it seems best to regard the material
as belng of reletively uniform structure down to dimensions of
the order of 1 micron at least, and probably smaller.
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4, Crud Formed in Solvent Extraction Procesé

In the solvent extraction of uranium, it is found
that occasionally there is a tendency for the column to plug
on account of the formation of an emulsion at the hexone-water
interface. -

Micrographs demonstrating the presence of the emulsion

~and of the film formed by drying the emulsion have been taken.

{CLM-LN#7) Aug. 20, 1047 by T. E. Willmarth). From the behaviour
of the flilm on drying it was suggested that the troublesome ma-
terial was organic in nature, and that the relatively few crystals
observed had nothing to do with the trouble. Spectrum analyses
of some {not all) samples showing very slight inorganic content
confirms this view. : y

~ Further work has consisted in the examination of
synthetlc cruds. ¥F. Bruce produced a synthetic crud vhich was
very dissimlilar to the naturally-occurring type. J. Savolainen
and A. de Haan prepared & film at a water-hexone interface wvhich
- was amorphous in nature, about 0.1 micron thick, and with rather
good mechanical properties. It is obvious that s small amount
of materisl of this nature could cause a consliderable amount of
trouble.
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Figﬁre l

Micr_%haphs of Aluminum Tubes and Corrosion Films Stripped
From Them :

Note:

(1) Prom the resolution obtainable in the electron
micrographs it can be estimated that the film thickness
{on the tube as received) is of the order of 500 A.

After HF treatment it 1s 100 to 200 A, and after one -
day in the hot deminerallized water it is 1000 to 2500 A.

These values are not exact, but are certainly of the right
order of magnitude.

{(2) The magnifications are 4 those given on the print,
having been reduced in copying.
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. ’ X-Ray Diffraction (M. a. Bredig)

1. The design of the high-temperature oven for the x-ray spectro-
meter has been receiving increased attention. Tle Engineering Research dhops
are in the process of preparing drawings in which the details of the comstruc-
tion will be brought out, There will be a water-cooled oylindrical metal hous-
ing of apyroximately 5" diameter with two x-ray windows 1/2" high and 2" long,
corresponding t0 a Bragg angle range up to 459, The housing will turn eround
the goniometer axis with the same speed as the sample. It can be evacuated,
and considerable space will be available to permit the mounting inside of heat-
ing elements and sample bolders of a varlety of shepes and types for various
conditions and purposes. ‘

The slit system of the x-ray tube of the spectrometer was slightly
altered so a8 to give maximus room to this heating device.

Because of the large size of the windows, beryllium metal of suffi~
ciently low thickness will probably be mechanicelly unsuitable, and the attempt
will be made to use thin films of cellophane or nylon, or the like, properly
shieided from heat radiations by a very thin aluminum foil on ome window, and by
‘a thin nickel foil on the other one, which will simultaneously serve to mono-
chromatize the x-ray radiation of the copper target tube, With an indifferent
gas filling, instead of the vacuum, at somewhat lower temperatures, beryllium
windows may be substituted.

‘ - A heating element which simultaneously serves uas sample support was

constructed (Figure 1). It was made aluost entirely of graphite because of the
outstanding combination of machining, electrical, and heat conductiviiy properties
of thie material. A solid wedge-shaped piece of graphite, 1-1/2" high, 1" long,
and 3/8" to 5/8% wide, has an opening through its center, perpendicular to its
largest faces, where the flat specimen will be inserted in a vertical position.
Three carbon resistor rods are inserted in three cylindrical channels, slightly
wider than the rods, penetrating the graphite block vertically. They are elec-
irically connected in series, witk the graphite block at the bottom serving as
electrical commection for the bottom ends of two of them. The temperature will
be measured with an optical pyrometer trained on the specimen. st lower tempera-
tures a thermocouple might also be inserted in the carbon block which was found
in preliminary tests, at approximately 13009 C, with an energy imput of 500 watts,
to glow with a rather uniform hest throughout, when inserted in an alundum tube
with openings for the x-ray beams.

It is hoped that by thus using carbon as structural material even higher
temperatures may be reached then in a furnace constructed with platinum and cera-
mic material as recently described by van Valkenburg and McMurdie (watl. Bur., of
btandards Journal of Kesearch 38, 415-418, 1947), who by measurements at 15000 ¢ °
have just confirmed the actual occurrence, at high temperature, of structural
changes in a compound of the type 42X0, (Cept10,), that had been postulated from
crystal-chemical considerations (M. .A, Bredig, Journ, Physical Chem. &6, 747-64
(1942), and 49, 537-53 (1945)).
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The use pf carbon will also simplify the study of carbides and other
cowpounds which would readily react with either metals or ceramics.

2. A specimen holder for use at room temperature with substances sensi-
tive to components of the atmosphere, or which are to be kept at certain equili-
brium vapor pressures of solutions, was designed and made out of lucite, as shown
in Figure 2. It consists of three parts, of which the middle one carries the pow- -
der specimen in a flat groove, exposing an even, smooth surface of approximately
1 cm? to the x-rays. One other part carries a thin £ilm of polystyrems, or nylon,
as a window eagily pemetrable by x-rays even at low angles of incidence. %hey are
joined on a flat circular surface by stop-cock grease, as is the third part cover-
ing an opening in the back of the middle part, which cun be filled eitLer with a
drying agent, or a solution in equilibrium with the solid substance of the speci-
men, :

4s an alternative, or add1t10na1 arrangement--as ilhe case may reyuire--
a cylindrical metal housing of 2-1/2" dlameter with two thin polystyrene windows
was attached to the specimen post of the goniometer, enclosing the post, and turn-
ing with it. It is large enough to receive small open vessels containiug either
drying agents or equilibrium solutions.

These devices proved useful in obtaining a powder x-ray pattern of ex-
trenely hygroscopic potassium ruthenate (submitted by M. D. Silverman;, i.e., in
a case in which a sufficient amount of material was available to obviate the use,
in a Debye-bceherrer camera, of a thin glass capillary which is much more difficult
to fill, in a dry-box, with a sticky powder such as this, than the specimen holder
described here.

3. lead sulfate-barium sulfate coprecipitates had been observed by #. k.
Baldwin and J. E. Savolainen, Technical Division, to occur in crystals of different
habit under different conditions (komi-330). vamples of lead sulfate precipitated
from nitrate solutions containing none, 5, and 25 mole percent of barium nitrate
were submitted by J. Lavolainen., 7Table 1 contains the experimental data obtained
from Debye-bcherrer films and spectrometer records. The precipitate from the 5
mole percent barium solution did not show any measurable difference from pure lead
sulfate, and any could hardly be expected in view of tle comparutively small effects
observed with the precipitate from the 25 mole percent solution. Measurements were
confined to the innermost reflections, becsuse of their greater sharpness, even
though for geometrical reasons much greater accuracy is usually obtained with larger
Bragg angles. Lodium chloride admixed to the powuers served as internal standard.

The preciplitate from the 25 mole percent barium solution showed the ortho-
rhombic type of crystal structure common to the pure compounds lead sulfate and
barium sulfate, with lattice constants a = 8,51 3 .01, b = 5.42.2 .01, and ¢ = €.98
¢ .01 x 10-8 cm, molecular volume , : .

V= ‘“"2"9 2 80,49 x 10724 cm?,

slightly larger than those of pure lead sulfate, ag = 8.45 ¢ .0, bo = 5.38 & .01,
‘and cg = 6.93 & ,01 x 10-8 cm, Vo\a 78,76 x 10"24 cm3, The lattice constants of
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Iattice Spacings of (Pb,Ba)SOA and PbSO

Table

1

L
_ (Pb,Ba)SO, coprecipitate Lead Sulfate - 4] ttice
. From spec- Trom spec= from xpansion
hKe Inten~ trometer From 1t.romgter liter- in
sity chart £ilm : chart ature - oprecipitate
C~101 D-15 mean C-122 data mean
o o o 6 ‘o o
A A A A A “; A FPercent
(200)| m h.2L5 1250 |l 4.208 & .003)|lL.225  4.225 [u.225 2 000 .55
(111)| mw 3.810 3.820 3.815 & .005i}|3.790 3.797 3,793 ¢ 00L .58
(002)| m 3.490 3.480 | 3.485 & ,005][|3.460 3.u6h 13,462 & 002 .66
(210)| m 3.340 3.345 |1 3.343 2 ,003(}[3.320 3,322 ||3.321 ¢ 001 .66
ﬁlozg' 8. 3,230 3.22 3,228 & .003({|3.209 3,207 Jj3.208 & 001 .62
211)| s 3.020 3.024 3,022 ¢ ,0021{(3.000 2,996 2,998 & ,002 .80
(QR2) m 2.715 2.7 2,776 & .001{}|2.750 2.754 2.752 & 002 .87
(020)| m 412,700 2,706 2,703 ¢ .003||2.688 2.690 . [12.689 & 001 .63 .
(301)}v.w 2,640 2.632 2.636 & 004 |}2,620 2,613 2°616 & ,004 .19
average & 003 average s .002} average .69%
~— & .10% J] ~ & -07%
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pure barium sulfate are known a5 a = 8,898, b = 5.448, and 0 = 7.170 x 1078 cm,

= 8€.90 x 10-24 cm3, according to Vegard's law, postulating as a first approxi-
matlon a linear change in the unit cell size with change in composition of solid
solutiong of isomorphous substances, from which however exceptions have been found,
and which may or may not be valid in the present case, the volume change in ihe
precipitate, of

80.49 - 78076 X 100 = 202%
78.76 ’ :
as compared with the difference in the crystal lattices of the pure sulfates, of

86,90 - 78.76
78.76
- would indicate that approximately

X 100 = 1093%

.ﬁEEL 100 = 21.5 mole psroent of Ba:aO4

10,3
were present in solid solution with the Pb§04.

vince devliations from Vegard!s law usually are in the form of a contrac-
tion, or of too small an increagse in cell size by substituting a larger iom such
as Ba®*® for Pb®", the result of the x-ray meusurements indicates that essentially
all of the barium of the hydrous solution was precipitated with the lead &8 a
rather homogeneous solid solution.

4,. X-ray patterns were obtained from various samples of megnesia cement
mixtures submitted by T: Rockwell. A number of different crystal-phases could be
distinguished. The results are now to be evaluated in the light of the extensive
x-ray diffraction study of the MgO-MgCl,-ho0 system by Feitknecht (helv. Chim,

"acta. 27, 1480-1501 (1944)), and shall be discussed in a later report.

. 5. among several other, more or less incidental, problems deslt with
during this period, a film formed in corrosion and heat transfer tests in the ‘
aluminump tubings (Van Winkle) was identified in a Debye-acherrer x-ray pattern
as < =410°CH, or bohmite, the usual product of corrosion of aluminum. The sig-
nificance of this finding is discussed in L. T. Newman's detailed report om this
subject. .
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Development and Construction of Special Instruments ( C. J. Borkowski and 1. L.
Butenhoff) P.A. CX11-5 '

Development of Proportional Counters for the Detection of Beta and Gamma . -
Radiation

: Counters filled with methane and operated in the proportional region
with gas amplifications of the order of 10* have many advantages over Geiger
counters for detecting beta and gamma radiation. First, they are fast counters
having coincidence corrections of only 1.3% per 10% counts per minute whereas
Geiger counter coincidence: correction is about 1.0% per 102 counts per minute,
Thus it is possible with the proportional counter to count samples at rates of
5 x 107 counts per minute with only small coincidence corrections, This allows
one to follow the decay of sources over many more half lifes than is possible
with Geiger counters. Second, unlike the Geiger counter; the counting charac-
teristies of the proportional counter are little influenced by cathode surfuce
conditions. Third, due to the relatively low gas amplification compared to the
Geiger counter fewer molecules are decomposed in each discharge, consecuently
the life of a proportional counter with respect to the total number of counis
accurmlated by it should be at least 100 times that of the Geiger counter.
Figure 1 gives the results of A life test on a mica window counter having a

7 mil center wire and filled with methane to a pressure of 20 cm. Hg and oper-
ated as a proportional counter. A UX; source giving 2 x 10° counts per minute
in the counter was used to accumulate a total of 3 x 10? counts. It is appar-
ent from this figure that no significant change in the counter characteristics
occurred, Several other counters were tested in a similar manner with the same
results, A life of 1012 counts for a permanently filled methane proportional
counter is not at all unreasonable., - ‘

‘A comparison of counter characteristics in the proportional and Ceiger
regions was obtained by counting a standurd UXp beta source with a counter which
was operated first as a Geiger counter and the same counter as a prororiicial
counter. An argon - butane mixture at 12 cm. Hg was used as the counter gus for
the Geiger region. Methane at 20 cm. Hg was used for the proportional region.
counting rates of 7900 ¢/m and 8900 c/m were obtained in the Geiger and propor-
tional regions respectively. Applying the usual 1.5% per 1000 ¢/m coincidcnce
correction to 7900 c¢/m glves 28850 c¢/m which is in close agreement with the 3900
¢/m observed with the proporticnal counter, From these results we may quulita-
tively conclude that the proportional counter has the same beta counting cifi-
clency as a Geiger couriter,

The operating voltage for a mica end window counter with a one inch
dlameter cathode, seven mil center wire and filled with methane to a pressure.
of 20 em, Hg was 2500 volts. ¥Yith a 3 mil center wire the operating voltage
was 2250 volts; in both cases the plateau length was 200 volts,

The continuous flow methan= Leta proportional counter which was de-
scribed previously (Mon M-311), has now been in use for eight months with no
change in characteristics. A UXp standard has been'counted daily in this count-
er with a day to day reproducibility of 1%, the statistical error. Since the
source is placed directly in the gensitive volume of the counter extremely low

[
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energy electrons, as well as high, can be counted with s counting yield as
high as 70% for thin samples on platinum, This counter has also been used
for obtaining aluminum absorption curves for soft slectrons and X-rays.

In order to determine the coincidence correction of the continuous
flow beta proportional counter the paired sample technique was used.

Three groups of paired samples were used, The members of the sam-
ple pairs are called "A" and "B" and are counted in the following manner:
"A" separately, "A" and "B" together (%B), "B" separately. The coincldence
correction on C is obtained from the eauation:

A+B-1AB
2B 2 - (a2 s BR)

¢ = x 105

’

C is expressed as the percentage correction per 1000 counts per minute.

Results
Pair A AB B c
1l 37.034 . Th 384 37.715 0.012
2 19.213 38.019 18,984 0.013
3 12,518 22.217 : 9.782 0.014

The ahove data indicate that the coincidence correction for this
beta proportional counter is about 1.3% per 100,000 counts per minute and
is linear over a wide range of counting rates.

-

Substanial progress has been made in developing a compact 60
cycle dynamic condenser electrometer which can be easily constructed in the
machine shop. Sufficient auantity of these will be made to replace all Beck~
man and F P - 54 D.C. amplifiers.
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Development and Construction of Alpha-Counting E~uipment., (J. H. Parsons)
P.A. CX11-4

Differential Displacement Pulse Analyser

The sweep type differential analyser has been described in reports
Mon N-311 and Mon C-416. This analyser was primarily designed for analytical
work where the amount of material in the sample can be controlled to have »
disintegration rate between 200 and 20,000 alpha’s per minute. If samples are
encountered whose rate is below this, s multichannel analyser can be used.
The multichannel analyser has several disadvantages as shown in the above men-
tioned reports.

A new type of analyser has been developed that will handle the Jow
rate samples and in addition has the following advantages.

1. Essentially 100% utilization of pulses from amplifier
2. Low coincidence loss

3. Pulse height measuiement is very precise

4. A permanent record is obtained

. The analyser operation is' shown in block diagram in Figure one. The
chamber and amplifzer are the same

Chamber _ = ~ Amplifier i Palse.
: ' Integrator

T

— Deiny
Y
Shorter > _
Multivibrator : .
. ' _ scillosco
| ’\/\/\/‘—} 'vvv\—l [
- 7 P
. , .Lm.exmu,y COnLLTOL

Figure 1 | | _



as in previous units. The pulse integrutor supplies a voltsage whose.mug-
nitude is proportional to the energy of the out put pulse from the amplifier.
The durstion of this transient is controlled by the mmltivibrator. uis shown
later. This transient positions the beam of an oscilloscope. The position

is a meusure of the energy. The multivibrator is tripped after the voltage
from the pulse integrator is constant. This generatea snuare wave intensifies
the oscilloscore bezm, moves the beam in a vertical trace, and in returning
to a stazble position discharges the pulse integrator, muking the system reudy
for the reset pulse. ‘

A time exposure photograph of the oscilloscope screen would reveal
a distribution of energy where position is a measure of energy und density a
measure of number. This negative may be read by a densitometer.

One very simple unit of this type has been tried and experiments
show that there are no insoluble problems, Detailed design will be studied
in the near future.



Analytical Service Groups

Summary of Analyses Made by Analvtical Service Groups
Aupust, 15, 1947 to Nove:xber 15, 1947

i

_ Health . '
| Group =L= Teckgévéjﬁemo Physics | Physics | Medical | Misc, Totéj
—— Sl S
1200 Area : 4
Control 4400 - - - - . - - L4,00
1300 Area ’
Control 682 - L56 - - - - 1138
liater . ‘
Analyses 820 - 9 - = - -~ 12 841
Radiochem. ’
Analyses - 247 - 132 - 18 - - 397
General '
Ionic o
Anslyaese 165 - 6 1 - - u 186
Radioiso-
| tope Anal.s
Radiochem. - | 3955 | 205 - - - - 1160
Ionic - 686 35 - - - - 721
Spei:tro-— ‘
graphic
Lab. ¢ : ‘
Qual, 2l 7 195 Cldy - 2 6 328|
Quan. n | __=-__& | - 20 8 X
Totals  |6349 | 4698 |1042 | 49 18 22 Lo | 12,218

1400 Area Control Group (E. J. F‘rederick, W. T. Hullins, H., A. Parker, J. N. Weeks)

During this quarter the group was expa.nded to a total of five techni-
cal and twenty~-eight non~technical personnel to handle the analyses for the
25 pilot plant. This pilot plant started prelininary operations about November
1, 1947 and expects to be in full operation soon. The present personnel seems
to be adequate for the expected load from the pilot plant and the semi-viorks.

1300 Area Control Group (L. T. Corbin, G. R. Wilson)

The present personnel consists of two technical and five non-technical
personnel. Tnere has been little change in the analylical load in this period

and the present personnel seems to be adequate,
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iater Analysis Group (J. H. Edgerton, F, J. liller)

. Three non~technical people were added to this group in this quarter,
: These, with the two technical men, seem to be capable of handling the present
- lotxd which comes pri: nar.Lly from corrosion studies in th Technical Division,

General Radiocheuical Analyses (C. L. Burros, O. M. Bizzell, J. D. Gile)

The addition of two laboratory technicians brings the personncl of
this group to a total of three tec-nical and four non-technical people. This
seems to be adequate for the present load, the major part of which cousists
of figssion product analyses for decontamination studies being made in the
various groups working on the 25 process,

General Ionic Amalyses' (D, E. LaValle, E. W. ililam, W. Wolkowitz) .

This group, with a personnel of three technical and one non-technical
persons, is considerably understaffed for the number of samples now coming in.
This group has the responsibility for routine alwiinun-uranium alloy analyses
and organic combustion analysea as well as for all types of non-routine ioniec

analyses,
(S. A. Reynolds, R, H. Powell, G, Ko Leddlcotte,

Radioisotope Analysis Group D. I. Gilbert, J. G. Gill, T. » Harmon, V., S Lyon,
E. I. Wyatt, C M, Goolsby)

This group, at present, has eleven technical and twenty-one non- ‘
technical people. It 1s expected that this group will continuc to expand as
the needs of the radioisotope production program increase,

The group is devoting considerable tize Lo the development of met..ods
and has completed work on the following:

Ca“s , ionic calcium, carbonate and moisture on CaCO3 products
Soluvbility of NapCrp07 in _conc. HN03

lork is c.ntinuing on methods for the following elenents: '

Ti, Os, ., Se, T1, Co, Sr, Ta, Hgp,
Ru, 4n, K, C1, kg, Ni, Fe.

In addition to analyses for rcgular production requircrents, analyti-
cal assistance has been given on the develomment of the following processes:

Fission~product iodine
Cakd fron Sc
Fe59 fron Co
P3295fro,1 S (acetic acid extraction) and i‘rcm P20g
Cbh
Resin coluan fission-product process

Spectrographic Laboratory (C. Peldman, A. J. Estepp, M. Murray)

The present persomnel of this group consists of three technical peonle,
. This will be increased by one when clearance for an additional person has been
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completed. In addition to Lhe regular qualitative and uuantltatlve analyses,
the followlng development problems were studied::

1. A sparking chamber of new design for hot samples was put into
operation. This chamber makes it urmecessar: to handle hot samples in the
open, ond simplifies optical adjustments.

2. The slit Jaws of the Jarrel-Ash instrument, found to be defective,
were re-~lapped by D, Holcomb. Lens and source poisitions were worked out for
~ obtaining maximwn illwiination vhile fOCuSolﬂF on slit or airror, using ssheri-
- cal or cylinurlcal optics.

3. Sensitivity linits were established for the following elei:ents by
the porous cup technique: .

Hement Medium - Sensitivity {opm)
Ce 10% HoS Oh ’ 25
ir ] ] 3
Li ] n ' 25

L. A procedure was devised for estinating the concentration of an
impurity spectrographically when no base suateriul free of that iipurity is
available for standards. The procedure is based on the assuuantion that the
exponent n in the equation Intensity ¢ {concn.)R is known,
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REPORTS ISSUED BY THE CHEMISTRY DIVISION

SEPTEMBER, OCTOBER, NOVEMBER, 1947

YonC-347 Cl b Tracer Studies in t.he' Rearrangement of Phenylglyoxal
te Mandelic Acid

0. K. Neville and W. G. Brown

‘MonC-354  Equations for Colwm Calculations
F. 7. ¥iles

MonN-370 Report of the Chemistry Division for the Months June,
. July and August, 1947

J. R. Coe and E. H. Taylor

HonC-378 Quantum Corrections to the Themmodynamic Properties of
liquids, with Application to Neon

0. K. Rice

MonC-380  Electrodeposition of Micro Amounts of Uranium on a
: Cathode of Small Area

F. T. Bonner

¥onC-350 Fixation of Ritrogen by Pile Radiation and Acid
Formation in the Argonne Pile

AQ 0: mm, T. m. Da\’iﬁ am C. J. HOChB.ﬂadel )

M¥onC-400 A Table of Radioactive Isotopes Arranged According to
Half Livee

Jo W Jones and H. ¥, Clark

MonC~401  The Determination of Trace Amounta of Elements by
Radiocactivation Analysis

H. ¥. Clark and R. T. Overman

MonC-410 A Yicro Calorimeter and the Measurement of the Decay
Energy of Phosphorua3? )

C. V. Cannon and G. H. Jenks

MonC-417 Separation of Radium from Barium by the Use of an
Ion-Exchange Column Procedure

E., R. Tompkins
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~ PAPERS PRESENTED BY MiMBERS OF THE CHEMISTRY DIVISION

American Chemical Society Meeting, September 15-20, 1947

The Application of Ion Exchange to the Separation of Yitrium
Group Rare Earths

B. H, Ketelle

Absoclute Beta Counting Using End-liindow Gelgerelmller Counter
Tubes

L. R, Zumwalt

Determination of Trace Amount.s of Elements by Radioactivation
Analysis :

R. T Overman and H. M. Clark

Radiochemistry, a Growing Field of Specialijzation
R. T. Overman and H. M. Clark

The Synthesis of Phenanthrene-=9—cu’
C. J. Collins and W. G. Brown

Ton Exchange as a Separations Method:

I, The Separation of Fission Produced Radioisctopes,
Including Individual Rare Earths, by Complexing
Elution from Amberlite Resins

E. R. Tompkins, J. X. Khym and W. E Cohn

IIT. Equilibrium Studies of the Reactions of Rare Earth
Complexes with Synthetic lon-Exchange Resins

BE. R. Tompkins and S, W. Mayer

IV. A Theoretical Analysis of the Column Separations
Process

E. R. Tompkins and S. W. Mayer

laboratory Handling of Radioactive laterial: Protection of
Personnel and Equipment

P. C. Tompkins

The Pile Preduction of Radioactive Isotopes

W. E. Cohn A :



PAPERS PRESENTED BY MEMBERS OF THE CHEMISTRY DIVISION

<

General Information Meeting, October 13-15, 1947

Decomposition of v.ater and Agqueous Solutlons by Plle Rad:.at.lon

A. O. Allen, J. Boyle, T. . Davis, X
J. A. Ghormley and C. J. Hochanadel ~ . .-,

Hydrolytic Behavior of Uranium (IV) ‘
K. A. Kraus and F. Nelsan '

Scme Aspects of the Hydrolytic Behavn.or of the- "Actlmde" Series
K. A. Kraus and F. Nelson ‘

The Separation of Heavy Elements by Ion Exchange ‘
S. V. Mayer

Phase Relationships in the System Uranyl Sulfate—viater
C. H. Secoy

| s=Diphenylthiourea as a Complexing Agent for Ruthenium
- G. D, Calkins

Calibration of Gamma Ion Chamber Used in X Pile Flux Determination
J. W. Jones and R, T. Overnan

Act:.vation Heasurement of the Epi-Cadmium Flux in the X Pile
J. W. Jones, H. M. Clark and R. T. Overman

The Anomalous Distribution of Ruihenium
.G. R. B. Elliott








