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ABSTRACT OF QUART] RLY FiPflRT

CHFTISTRY DIVISION

10 FJ ACTOR FUFir>

With the completion of developmental work on the processes for
recovering uranium from enriched niles and 17^33 from thorium, research
on the chemistry of heavy elements in solutions has been emphasized.

On the basis of results obtained for the extraction of orotRCt-
inium with di-isonropyl carbinol from fluoride solutions under controlled
conditions, it is concluded that Pa'V) forr.s stronger fluoride complexes
than Th(IV), that Pa(V) Is probably less exten&ively oxygenated in these
complexes than are U(V), Np(V) and Pu(V), and also, that the chloride
complex of protactinium should contain less than one oxide ion per complex.

Optimum conditions are being established for an ion-exchange
separation of plutonium and lanthanum from the americium sample which is
being recovered.

The study of complexes of thorium in aqueous solutions was ex~
tended to fluoride systems employing extraction into a TTA-benzens Dhase
for determination of stability constants of the complexes.

Research was completed on the distribution of organic amines
and the effect of these amines as complexing agents for uranium in solvent
extraction. Upon completion of theoretical treatment of the data a report
will be Issued.

2, ,RADIOISQTOPFS

"ork on the xenon cross-section problem has progressed satis*-
factorily. The assembly of glass equipment for the large scale preparation
cf 1^-35 is essentially completed. Cold, test preparations will be made in
the near future. The mechanical loss of Pdl2 by hoid=up on the clastic
funnel has been virtually eliminated by application of a Si02 coating to
the plastic surface. The gas counting apparatus has been calibrated by
coincidence counting of Xe*33 and Xe*35, Using this result, the calibration
of the Ion chamber for assay of 1*35 waa checked with satisfactory agreements

In conjunction with this work the decay scheme of r*-35 has been
studied. Although several new facts have been added, it is still not
possible to fit these into a satisfactory decay scheme0

Exploratory experiments on the separation of fission zirconium
and columbium from separations nrocess wastes by adsorption and ion-exchange
showed charcoal to be promising for isolation of these from the Redox, IAW,
raffinate. Considerable research and development will be necessary to
establish the optimum method0



Abstract of Quarterly Report (Continued)

Research continues on chemical and physical modifications of
ion-exchange procedures for the separation of rare earths, including
studies of elutlng agents, properties of cation-exchangers, and appli
cation of "disjointed" columns

The development of the chemical process for extracting C^* from
irradiated beryllium nitride was completed satisfactorily. A process
recommendation is being prepared for submission to the Operations De
partment ,

Work on the experimental use of C^+ has concentrated on three
phases, (1) the synthesis of low molecular weight intermediates containing
Cl4, (2) the study of reaction mechanisms, and (3) the development -;f
analytical procedures. Fxperiments on the first phase include the syn
thesis of ring-labelled benzoic acid, the reduction of carbon dioxide=C*4
to methanol G^+ in high yield by lithium aluminum hydride^ the reduction
of carboxyl-labelled acetic acid by lithium aluminum hydride to methylene-
labelled ethanol, and studies of methods for synthesizing methyl tri«
phenylmethyl ether as well as of the decemroosition of this ether., Keae-
tion mechanisms being investigated include the rearrangement of carbonyl-
labelled benzalacetophenone epoxide in alkaline solution and the re
arrangement of unsymmetricfal benzils. In connection with the latter, p
methoxy benzoin has been prepared by addition of p-anisyl Crignard reagent
to N, K-diethyl^raandelamide, Since this reaction offers a method for
preparing a series of Cl*- substituted unsymmetrlcal benzoins which nay be
oxidized to benzils, work is being continued. Analysis of acetic acid and
ethanol by oxidation to carbon dioxide with copper oxide followed by
manoraetric determination of the carbon dioxide has been carried out,

3. SUPPORTING CgM.KALRICTATOiH

Inorganic Physical andJ]adiochemistry

The preparation of one gram quantities of spectrochemically pure
rare earths continued with the separation of pure ytterbium, dysprosium,
gadolinium and lutecium,

Deuteron bombardment of enriched molybdenum isotopes in tht>
Carnegie Institution and University of California cyclotrons has made possible
the identification of new technetium isotopes, the characterization of their
nuclear properties and more definite mass assignments in many cases..

Investigation of the extraction of various metals into benzene
solutions of TTA was extended to a study of lutecium, praseodymium and
element 6l. In addition, evidence for the effectiveness of TTA extraction
in separating hafnium from zirconium was obtained,

Initial experiments were conducted aimed a*, the characterization

of 18 m Ba24lp as part of the problem of studying the short-lived fission
isotopes with half-lives from fractions of a minute to several minutes.,



Abstract of Quarterly Report (Continued)

Considerable progresa was made in the determination of the
crystal structure of KRuO^ by X-ray diffraction. Means toward refine
ment of parameter values are in progresa.

In the field of radiation chemistry, the calorimetric measure
ments of the energy imparted to various materials by radiations in the
pile were completed and work was initiated to determine the rate at
which hydrogen and oxygen combine at high temperatures when catalyzed by
an aqueous slurry of U-^Qg.,

Data for the solubility of uranyl sulfate in water have been ex
tended to the critical temperature of water„ The system uranyl sulfate-
water displays a two liquid phase region with concentrations up to 82,7%
WigSO^ The lower critical solution temperature is 29A« and the aqueous
phase undergoes critical transformation at the critical temperaturo of
pure water indicating that it is pure water at this temperature,

Methods developed for the preparation of solutions of heavy
element and rare earth compounds which are fluid at 77° K for adsorption
spectral studies have yielded satisfactory results,.

Major problems arising in the fission-cloud chamber work, In
cluding effects of the neutron bean on track quality, diffuse tracks after
prolonged operation and photographic difficulties are being attacked and
overcome individually.

A sample of tritium gas diluted with normal hydrogen wa3 analyzed
for tritium with the gaE density balance and condensed on palladium for use
in the /^calorimeter, iifter caloripetric measurements of the tritium
decay energy, the sample was converted to water and the heat evolution again
measured. From these results and the rate of tritium evolution, now being
determined, it will be possible to calculate accurate values for the half-
life and average energy of decay.

Analytical Chemistry

All phases of the nolarographic and electrolytic studies were com
pleted including those of pentavalent manganese, separation of trace silver
from macro amounts of palladium, rotating micro electrode,, and the electro-
separation of technetium from rhenium and molybdenum*

The following analytical procedures were satisfactorily developed
or are now under 3tudy? spectrophotometric determination of aluminum in the
presence of iron, the use of ammonium thioglycotate as a colorimetric re
agent for uranium, colorimetric determination of selenium with pyrollep de<=
termination of uranium in the presence of potassium dichromate with thio«»
cyanate, the colorimetric determination of tellurium with thiourea, colori»
metric determination of zirconium and a radiochemical method for plutonlua0

Diffraction and Microscopy

The fibrous fracture surface in extruded beryllium has been exa»~
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Abstract of Quarterly Report. (Continued)

ined by electron diffraction revealing the presence of foreign material.
Although the identity of this material is still uncertain, it is known
to be amorphous, showing no crystal growth at 800° C> examination of
high-fired beryllia samples by X-ray diffraction leads to the conclusion
that not a cubic, zincblende, structure is present but a phase of
considerably lower symmetry, in addition to the hexagonal phase. Of
interest is the occurrence of this new phase only in samples from which
graphite or beryllium carbide was not excluded and which were heated at,
or above, 2000° C.

Pile irradiation of magnesium, copper and aluminum haa been
found to produce no effect on the width of the x-ray diffraction lines,
whereas rather strong effects were observed in samples of work hardened
copper-beryllium alloy (2% Be), From these and other results for this
alloy subjected to different heat treatments, it is tentatively concluded
that irradiation produces more distortion of the crystal lattice of hard
matta'ials than of soft ones.

Instruments ar.d Physical Measurement

Improvements aimed at circuit simplifications and better oper
ation are being incorporated in the sweep type differential alpha energy
analyzer. Several coincidence circuits have been investigated In the
process of developing circuits with resolution times of 10"7 Becond or
less. A simplified circuit has been developed for use with a flow=tyoe
proportional chamber permitting counting of weak beta emitters as well as
aloha emitters,

A. ANALYTICAL S1RVICF

The Technical and Operations Divisions, together, accounted for
more than 9756 of the total of 33349 analyses performed during the quarter„

The spectrographic determination of the amount of hafnium in
zirconium has been refined further, now permitting analysis over the range
0„065 - 8„0$t hafniumo
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la REACTOR FUELS

Inorganic, Physical and Nuclear Chemistry

Solvent Extraction of protactinium from Fluoride Solutions
(K„ A. Kraue, A. Oaren) (P.A. CI3-2)

la the previous quarterly report (OBSL-6?, p. lB-g|l experiaeate on the
solvent extraction (using di-isopropyl earbinol) of Pa233 tracer fron aqueous
fluoride solutions were described. 7a these experiments the fluoride con
centration -m* controlled (and varied over a considerable range) by the use
of fluoride buffer systems (Al(OT) - IP, and Th(XY) - BF). Slace in these
experiments the conditions vera not sufficiently controlled (particularly
the B3O* concentration at equilibrium) it appeared desirable to repuat the
experiments under acre rigidly controlled conditions to determine sore
accurately the fluoride dependence of the extractabillty and hence perhaps
obtain scee information on the Pa species existing in the aqueous solution.

The new results vhich have been obtained with an Al(IH) - W buffer,
using the experimental procedure previously discussed, are shown in figure 1,
where the distribution coefficient J)0 • Pan* has been plotted as a function

Pe __

* For a discussion of the theoretical considerations and explanation of all
symbols used see the previous quarterly report, QBBL-6^.

of the concentration ratio B a m-m^; 'fagA widca ** * first approximation
is proportional to the fluoride concentration of the solutions. Aside of the
B? added, the composition of the solutions was: 1.8H H3O*, 1.75M CI", and
0.086 N AT**.

In Figure 1, a plot of Do * Do° has also been included since, as has been
previously shown, the slope of a plot of log (DD - Do°) vs. log [SF] (or as an
approximation vs. log B) should directly yield the number of fluoride ioaa
attached to the protactinium species in the solutions. Ae can be seen from
Figure 1, the curve relating log (D0 - D©0) and log B is S-shaped, vith a central
straight-line section of slope 2 (indicating a di-fluoride complex of Pa), a
shallower initial section, suggesting the existence of a mono-fluoride complex
of Pa, and a shallower section for large values of B, where the deviations
from a slope of two, almost certainly are due to the assumption that B is
proportional to JHFj .

Assuming that the fluoride ions replace chloride ions, rather than oxide
ions in the complex, which appears more probable, the reactions of protactinium
vith fluoride can be given by the equations
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(la)

(lb)

(Ic)

(n.)

<nb)

PaO^CJLfl •> BF •» EgO — » PaOgCVl * * "3O

PaOjjCLj! * 2BF * 2BgP . *. r^Ojpla^ F2 • 2830*

and FaOjCl^j^ F •» BF ♦ BgO

Ins constants S^ 5

m PaOxC^g F2 * 830*

Pa f
,(12)
*C1F " p., t»

and 4?i = SaA.- (lie)

can be calculated from the data in Figure 1, provided a reasonable estimate
of D* (the distribution coefficient 2! of the extractable species) can be

PCI
obtained. In the previous report it vac shown that Ps can be at least

Paq
100 (i.e., D0 s 0.01) and thus D* > 100. Using this value for D*, and
equations 19, .1.8, and 13 given in the previous report, one obtains from the
data y^y, ) 1.8 xIC*, *££> ,V l.fc x10n and B$fr -7.7 x 10*. The
corresponding constants for Th(IV) (where, however, apparently no chloride
complexes exist under the conditions of the experiments) are if s k.$ x 10*,
K^ « 2.9 x 107, and Xy?i- * 6.5 x 102. It should be pointed out that the
fluoride complex constants for protactinium given are products of similar
constant for the aquo-complexes and the stability constants for the chloride
complexes. Since the latter almost certainly are larger than unity, the
stability constants of the fluoride complexes vith reference to the aquo-
complexes (vhich are directly comparable with the constants given for Th(IV) )
must be larger even than those given above. Thus there is little daubt that
Pa(V) forms stronger fluoride complexes than Th(IV).

0a the basis of these results it appears very unlikely that Pa(V) in the
oonploxes at hand, is extensively oxygenated as are the ions of U(V), Bp{V)
and Pu(V). Since the (practically) covalently held oxygens decrease the
effective (or formal) change on the central ions, the ions X02** have properties
similar to those of X**ione (of the same element) or of ions of even slightly
lower positive charge (e.g. X*3«5), and the ions X02* correspondingly have
properties similar to X*3(or r&2.5)ions{*). Ions of the type 10*3, would thus

•See also E. A. Kraue, J. B„ Dam CSKL&LJ, August l$k6.
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be expected to behave similarly to X**(or X*3-5)ions. Since the stability
of the fluoride complexes of Pa, however, is even higher than that of the
corresponding complexes of Th*4 and their sizes not appreciably different,
the chloride complex of Pa should contain less than one oxide ion per
complex. This would suggest formulas of the type Pa (OE) CUj.(E20)a,
Pa2pCls(S20)2k> a»d even PaCl5(B20)a. Depending on the preferred co-ordi
nation number of Pa(V) in these complexes, "n" might be one or three (for
co-ordination number 6 or 8).

Isolation of Americium from Plutonium Haste Solutions

(0. H. Smith, X. A. Braua) (PA CX3-2)

Work has continued on the development of the isolation procedure for
americium andfcae.centered primarily around estimation of the size of adsorption
column needed for the separation of Am from Pu and La and around the "recovery*5
of Am from the CaSOlj. - BgSOlj. slurry obtained in! the previous step of the
procedure.

Using W HgSOij solutions and Dowex-50 and permitting breafe-tbrouga of
Plutonium, it was found that a ca.25 cm2 column should be sufficient for the
isolation of all the Am in the 1M HgSOij. fraction available (20 liters, ca. 15g
Pu, ca 10 mg Am).

Regarding the recovery of Am from the CaSO}-. - HgSOjj. slurry, a number of
methods were tried on a small scale among which were elution with citrate buffer,
and metathesis with tartrate, carbonate and hydroxide .

Treatment of the precipitate with citrate buffers (pH k- to 8) at room
and elevated temperature yielded only 30-6296 extraction of c< -activity without
enrichment of americium.

Tartrate met. athesis (pS 6-8, elevated temperature) permitted reasonably
ready dissolution of almost 80$ of the «C - activity in acid, but the remaining
activity could only be removed with difficulty. In addition separation of
aaoricium from calcium in the presence of tartrate is quite difficult.

Carbonate metathesis permits ready dissolution of all material in acid,
but appears undesirable since the gas evolution from the highly active solution
would necessitate special equipment for safe handling.

Fortunately mot. athesis vith ca 0.1M EaOH also is satisfactory for the
dissolution of the activity in acid and at the same time permits separation
of the activity from the bulk of the calcium, only a small amount of which
dissolves in acid after metathesis,

in view of these observations a'sodium hydroxide metathesis of the main
portion of the CaSOj^ - BgSOk slurry was carried out.
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Process Chemistry

CX10-22 Chemical, Physical and Bhclear Properties of Eeavv Isotopes
(B. A. Day and R. W. StoughtonF"

A study of complexes of thorium in aqueous solutions is underway in
vhich the stability constants of the complexes are determined by the observed
decrease in extraction of thorium into a TTA-Benssene phase as complexing
agent is added to the aqueous phase. The first complexing agent studied
was BF in 0.5M BBO3 medium. The thorium analyses were conducted radio-
chemically using Th23fc (i.e. UX^) tracer and adding macroscopic thorium
to 10"^ N. Assuming no complexing vith nitrate, the constants obtained
for the following two equilibria were

Th^ 4 BF -ThF*3 « r Kx -1.73 x id*

Th** * 2BF =ThF2*2 * 2E* Eg s 1.12 x 10?

The values obtained by B. V. Dodges* by a different method in perchlorate

B. W. Dodgea, MDDC-3^3 (19^)

media, also at an ionic strength of 0*5, were Ei sfc.5 x lO** and Eg * 2.9 x 107,
The two sets of values are consistent if the nitrate complex constant has a
value of about 3, that is, if

Th** *BO3- * ThK>3*3 Ea^3,

Thie value is being checked by observing the extraction from BEO3 - BCIO^
mixt'.jres at an ionic strength of 0.5, and preliminary results indicate that
En is of this order of magnitude.

In the extraction from BIO? - BF aqueous solutions, equilibrium eoeas
to be reached in less than £ hour, and results in pyrex vessels are the se
as those obtained vith platinum vessels for periods of up to 2 hours.
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CX5-9 The Recovery of Uranium frost Enriched Piles
(J. P. McBride, F. T. Miles, J. M. Buth)

Work has been continued on the distribution of organic amines and
the effect of these amines as complexing agents for uranium. The experi
mental work is now essentially complete, and the data are being fitted
to equations. When the quantitative theory has Taeen worked out a report
will be Issued.
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2.. RADIOISOTOPES

Xenon Cross Sections as a Function of Energy

(A. R» Brosi, T. W. DeWitt, S. Freed, G. M. Hebert, 0, W. Parker, H, Zeldesj
and frcm the Physics Division, S» Bernstein, J. Dial, M« M. Shapiro and
C0 P,> Stanford)

135The assembly of glass equipment for the large scale preparation of I •"
activity is virtually complete. This equipment is described by G. W. Parker
in another section of this report. Tests of various components is under way
and it is planned to proceed to cold test preparations in the near future.

--Decay scheme of I 35

Previous spectrometer work on the decay scheme of I1" has shown the presence
of three 0 groups of energies 0*47 Mev (35*), 1*0 Mev (4056), and 1„4 Mev (25*) and
two y groups of 1,27 Mev and lo8 Mev (450* The Xe135 isomer has a partially con
verted y ray of 0*52 Mev, and has been estimated to occur in about 10* of the dis
integrations. It has not proved possible to find suitable combinations of the
several radiations to give a consistent total energy for the decay of l!350to the
ground state of Xe1350 Also the estimated percent of disintegrations involving
the Xe^-35 isomer was not consistent with its association with any of the 0 groups
Part of the difficulty was resolved by the results reported in the last quarterly
report wherein a determination by a coincidence method of the fraction of decay
by the isomer route gave a figure in the neighborhood of 20*. These experiments
have been repeated with result^of3boutJ&r-aj»d~a5j^r Thus,
the earlier result has-beeTTc^firmed qualitatively buTnoVquantitatively While
the actual percentage of decay by the isomer route is thus still in considerable
doubt, it does seem that it is in the neighborho^d_jjf25-30* and that an assign
ment of the isomer to the 1.4 Mev 0 group is at least^consistent with the per
centages o This argument, and indeed, the whole determination of the percentage
of decay by the isomer route, may be invalidated if an additional delayed y ray
of any appreciable half-life is found in the isomer mode of decay* Additional
information was provided by coincidence counting of a calibrated I •" sample,.
This work definitely showed that the 1.4 Mev p group did not have a coincident
y ray. It was also noted that y~y coincidence occurred in about 40* of the
disintegrations. Analysis of the coincidence counting data showed that it led to
a disintegration rate about 30* higher than that given by the calibrated ion
chambero Using a tentative decay scheme, it can be shown that, if the 1,4 Mev
0 group had no y associated with it, coincidence counting should have given the
correct disintegration rate. On the other hand, a delayed y would qualitatively
give the results obtained (the Xe*35 isomer does not interfere with this conclusion
since the experiments were done under conditions permitting the escape of Xe
from the sample). These data suggest that perhaps the Xe1" isomer is associated
with the 1=4 Mev 0 group; but if this is so, one would expect to find another y
ray in this mode, since the 1.4 Mev 0 and the 0*52 y of the Xe^S isomer do not
give a sufficient total energy to match that of the other modes of decay, The
missing energy amounts to 0.35 Mev. Coincidence counting on the Xe135 isomer
showed conclusively that there is no prompt y ray following the 0*52 Mev y ray
of the isomer,, A search for such a y ray was made on the 0 ray spectrometer with
the cooperation of B, H0 Ketelle0 Alarge sample of I135, in the form of Nal was
prepared and mounted in such a way that moist air continually passed over the
sample and removed Xe as it grew in0 No y ray of O035 Mev was found. The sample
was then stoppered so the Xe would grow in with still no evidence for a low energy
> ray, Apeak was found, however, corresponding to a y ray of 0.84 Mev, whether
the Xe was retained or not. This y ray energy is about right to give the proper
total energy (2.27 Mev) when combined with the 1.4 Mev 0 ray.
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One additional piece of information is available from the spectrometer
work. The presence of an 0.52 Mev y ray, which previously had been masked
by the 0,52 Mev y ray of the Xe135 isomer, in the 1*35 disintegration was
suspected. Such a y ray showed up in the spectrometer when there was reason
to believe the Xe was being continuously removed, On stoppering the sample,
the height of this peak increased. While it i3 still conceivable that the
short-lived isomer was not being removed from the sample sufficiently rapidly
to completely remove evidence of its y ray, this seems somewhat improbable
and the presence of an 0.52 y ray in the iodine decay is considered at least
tentatively established»

While several new facts have been added concerning the decay of 1*35f it is
atill not possible to fit these into a satisfactory decay scheme

Calibration of the gas counting apparatus

The gas counting apparatus described in the last quarterly report has been
calibrated by coincidence counting of Xe*33 and Xei35, it has also been used to
check the calibration of the" ion chamber for l!35- A sample of Nal135 was measured
in the calibrated ion chamber. An aliquot of this was placed in .the gas counting
apparatus and Xe allowed to grow in for 12 hours, This Xe was transferred to the
gas counting bulb, and coincidence counting done on it. Absorption curves with
both Al and Pb were obtained. Counting was continued until all the 9*2 hour
Xe had decayed. It was then found that an appreciable fraction of the disinte
grations (9,7*) consisted of the 5*4 day Xe133e When the original coincidence
counting data were corrected for the Xel33 and for the conversion electrons from
Xe^, and absolute disintegration rate of 4*00 x 10° disintegrations per minute
was obtained, as an average of fifteen determinations with an average deviation
of 2c 8*o The disintegrations per minute expected by calculation from the ion
chamber data on l!35were 4<>01 x 10®r The agreement is considered satisfactoryc

Disintegration rates, from coincidence counting on both Xe*33 and xe^ as
a function of absorber permitted calculation of the counting yield as a function
of absorber thickness for each of the two xenons. The two resulting curves
were extrapolated back until they intersected. This point of intersection
corresponded to a window ♦ air + bulb absorber thickness of 23,7 mg/cm2 and
a counting yield with no absorber of 15o2*. Both these figures are quite
reasonable for the apparatuso
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Processing Equipment for the Separation ot (I-Xe)^* P.A, CX1-9* (G, W,
Parker, G. M„ Hebert, G. E. Creek, P. W. Lanti)

I. introduction?

In the following sketches, a fairly detailed representation is
made of the exact status of the chemical processing and mechanical remote-
control equipment for the high radiation level separation of the 6.7 hr
1135-9.2 hr Xe1^5. Only a few final pieces of small equipment are not
shown including those which are already fabricated but are left out to
maintain access through the small doorway.

In a previous Quarterly Report, MonN-432, pp. 73-76, a proposed
scheme of separations is outlined and related to an earlier sketch of the
incomplete processing equipment. In the earlier description, consideration
is given for a number of Influencing factors including: scale of operation;
installation of auxiliary shielding; choice of glass equipment; advantage of
the centrifuge technique; need for elaborate off-gas system; etc. At the
same time an outline of necessary time lapse is given for 3 major steps in
the process from the procurement and loading of slugs to the release of the
finished wafer assembly in a carrying shield. The entire chemical operation
is designed to require a minimum expenditure of time from the instant of
pile shut-down to the "zero" or trapping time when the Xe is approximately
quantitatively held in the Pdl2 crystals. This period as estimated would
vary from y\ to 5 hours. For previous history of the Xenon Problem, see
papers by 3. Freed, A. R. Brosi, S. Bernstein, K, Shapiro and others, e,g,,
in tfonIi-311 and subsequent Quarterly Reports.

II. Sectional Views of the Processing and Handling Equipment*

A. View of the Cell Rear Wall Showing Most of the Glass Equipment

A simplified plan of the connection of the three major glass vessels
and the two slug coating dissolver vessels is arranged with the deletion of
a great many connecting tubes, control shafts and supporting parts. The
chemical flow plan would consist of?

(1) dropping of the slugs into the Hastelloy Baskets for removal
of aluminum coats;

(2) dissolution of the uranium with HC1 in two Dissolvers;
(3) oxidation of the UCl^ with LigCr^ and of the iodide with

Fe2(SO,)-J
(A) distillation of I? from the Central Reactor;
(5) reduction of I2 with S02 and the precipitation of PdL> in the

Distillate Receiver;

(6) transfer of a Pdl2 slurry through the Decanting Pipette into the
Ceptrifuee Funnel.,

This operation is part of the general program, •The Cross-Section of
Xel3^0
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figuresi

In this view are also included some details Indicated by circled

(1) one of three 650 watt quartz covered resistance winding heaters;
these heaters supplement the radiant lamps and are designed
for compactness, efficiency and freedom from corrosion;

(2) the 1000 watt radiant drying lamps for additional heating;
(3) a platinum-tungsten electrode pair for the precise control of

the LigCrjjOiy and F^SO/K oxidations;
(A) view of the slug chute Brake for loading the slugs Into the

Hastelloy Baskets.

B. View of the Cell Left Wall with Details of the Centrifuge and Cup

The essentials of the rechanism for operating the centrifuge can
be seen here which stepwise approximately constitutes the following oper
ations: •

(1) the prepared centrifuge cup and balance cup are pre-arranged in .
the centrifuge;

(2) the slurry of Pdl2 1b charged into the centrifuge cup while it
is held in the "stop* position. The decanting pipette is then
elevated and the stop withdrawn;

(3) the first centrifugation is made, requiring about 5 minutes. The
cup is brought again to the stop position and the supernatant
liquid is syphoned off through the decanting pipette. At the
same position a new tare weight is placed in the balance cup by
means of the wafer tongs;

(A) a small amount of wash solution is added through the receiver
versol and the decanting pipette spray head and a second centri
fugation is made;

(5) the centrifuge cup is again brought to the stop position and de
canted thoroughly using the platinum tube capillary pipette.
Wash solvents of alcohol or ether are added and a third centri
fugation is made which also requires a change in tare weights;

(6) again at the stop position the vacuum drier is attached and al
lowed to draw a small amount of air through the sample to free
it of remaining solvent vapors?

(7) the stop is released and the cup is rotated 180° to the atop Posi
tion where the funnel tong is used to remove the plastic fuiwiel,
At the same position tbe wafer tong picks up the active wafer
and deposits it in a vacuum holder on the turntable shown in the
view facing the operating wall.

In this view the circled figures indicate?

(5) the assembled metal wafer block with the active and blank capillary
in cross-section;

(6) the plastic centrifuge funnel.
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C. View of the Cell Facing the Interior Operating Wall

A more realistic view of the size of the centrifuge housing and
the nature of the remote handling equipment ie available here. The oosi-
tions of the neriscope, the access door and the manipulating boom are
indicated. The functional operations which can be related to this view
ares

(1) The sealing of the capillary with aluminum tapered plugs is per
formed by manually inserting and pressing them into the ends of
the wafer by means of a rod through an opening not shown just
above the turntable.

(2) The final operation consists of loading the wafer into a shield
which is stationed before a small opening in the 3" lead inner
door to the cell, A track for guiding the drawer into the
shield is also omitted from this view.

III. Imnrovement of the Mechanical Yield of the Pdlj in the Centrifuge Assembly

A. Choice of the Plastic Centrifuge Funnel

In view Ho. 2, or the left wall of the separations cell, an ad
ditional detail is given of a cut-away view of the centrifuge assembly and
wafer carrier. The fluorothene plastic centrifuge funnel illustrated rep
resents the second plastic material tried for this most important feature,
the first having been of the more transparent material, lucite or plexiglass,
Fluorothene, while not able to offer the useful advantage of water-white
transparency, is considerably tougher and less likely to fracture during
centrifugation or dismantling of the assembled unit.

A more detailed drawing of the Capillary Tube Assembly has been
reproduced in the Quarterly Report, CNL-37, pg. 64, together with an account
of the experience with types of filters, coating of the plexiglass funnel
and with macrographs of desirable and undesirable Pdlj centrifuged pre
cipitates,

8. Effect of S102 Coating on the Physical Loss of Pdl2

Until recently, It was feared that the yield of the Pdl2 because
of physical losses on the walls of the plastic centrifuge funnel would eventu
ally result in a serious discrepancy in yield from the operation. For this
reason, steps have been taken for preparation of a highly polished surface
on the fluorothene and also for the production of a third type plastic funnel
of molded saran. In the meantime a comparative test was made of the effect
of a quartz (Si0?) coating vaporized in a vacuum and deposited on the plastic
surface by L. T.TJewman. The effect of the SiO, coating toward inhibiting
loea of Pdl2 on either of the existing plastic funnels was highly pleasing
and has, in fact, afforded almost quantitative centrifugation into the
capillary tube. For a rough comparison; in a number of tests the average
WI2 recovered weight was about 7 ngs out of a theoretical 10.5. In the test
with the quartz coated fluorothene funnel the yield was 10.5 out of 10.5, It
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is expected that should any SiO- coating be carried with the precipitate
into the capillary, it will have an insignificant scattering effect, of the
same order as the carrier palladium.

C. Angulation of the surface Pdl2 Sample in the Capillary

It has been noted consistently that due to the length of the
capillary tube and the effect of the rotation, the precipitate tends to
pack with a surface angle in excess of 45°•. Since the precipitate has
a unit length of about 0.7 mm per mg, this means a rather thick sample
depth of about 7-8 am with one side approximately 2 mm longer than the
other. If it is 3hown that the angulation Is highly undesirable, it may
be possible to correct it by ro-suspending the top portion of the pre*-
cipitate and centrifuging again more slowly..
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Research Relating to Radioisotope Production

Ion*Exchenge Separations with a "Disjointed" Column? (H.W. Kohn, J„A„ Swartout)

During the course of research on the removal of alpha emitters
from fission products by ion-exchange techniques, the potential attractive
ness of a disjointed, or segmented, column for more rapid separations
became apparent.

Two experiments (Exps, 2 and 3) were performed to determine more
exactly the feasibility of this disjointed column procedure proposed in
the last quarterly report (0RNL-65. pg. 70) on the basis of calculations
from an initial experiment (Fxp. l). The procedures used in these sub
sequent experiments are as follows;

A Tygon tube, 3A6* dlam., was filled to a height of 86 cm with
Ppwex 50* and preconditioned to a pH of 3 with % citrate solution. Fifty
A of a solution of a 7 day cooled ORNL 0-slug was absorbed on a small
preabsorption column of Dowex 50 which was 4 mm in diameter x 4 cm long.
After the bulk of Cb and Zr had been removed by washing with (NH^SJF^ at
pH 3 to prevent excessive contamination of the monitoring devices, the column
was washed with % citrate at pH 3 until the yttrium peak of activity had
been eluted. The flow was stopped and the "radiograph" so developed was
determined by separating the column into 1 cm portions with hemostats and
cutting it up. The activity in each portion was determined by equilibrating
the portion with 6 N HC1 and counting an aliquot. Since Experiment 2 did
not agree with Experiment 1, Experiment 3 was run as a check. It agrees
essentially with Experiment 2. The results are shown in the table and graphs.

The discrepancies between the results of Experiments 2 and 3 and
the calculated values from Experiment 1 lead the experimenter to the con
clusion that the activity bands may not move down the column at a linear rate,
an assumption which was made in the calculations for the first experiment.
The only substantiating datum is the fact that the number of theoretical plates
in a column is not directly proportional to its length.'1'

Table I

Position of Rare Earth Activities on Dowex 50 Column

Position of Peak

Element ExjlJ Exp,22 £x£*£
T

Eu
61
Am
m

Pr
Ce
La

86
73*5
57.5
54.5
40,5
24.1
14,5

86
71.5
46.5

31.0
1800

8„5
3.0

86

41.5

29.0
17.5
8.0
1.5

Exp,,.A

79-36
67-79*5
51,8-62,3
A9<, 0-60.0
35.7-45.3
20.4-27.8
11.8-17.4

Position of Band

EXP, *
78-86
61.5-80
41.0-56.5

22T5-35.0
11.5=25.5
4-12
0-4

Exp, 3*
64-86

34-453

* The Dowex 50 was the same resin which had been used in Experiment 1<>

11) Matheson, L.A., Private communication.
2 Normalized so that the I peak is always at 86 cm. from the top of the column
3) A young slug was used in Experiment 3 so that low levels of radioactivity

make the positions of 61 and Eu open to considerable doubt.
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Recovery of Zirconium and Columbium from Separations Process Wastes? (H. W;.
Kohn, J. A. Swartout)

Introductions

Because of the current interest In the isolation of fission
zirconium and columbium from separations proceso waste, exploratory re
search was initiated to determine the feasibility of their extraction
from bismuth phosphate and Redox wastes. Emphasis has been placed on
ion-exchange and physical adsorption methods because of our extensive
background In this field and because reports indicated that other labora-
t ries were investigating solvent^extraction and precipitation pr< eedures,

The chemical compositions of the waste solutions from which ex=
traction of zirconium and columbium is desired are indicated below»

Table I* Composition of Waste Solutions

BiPO, Extraction Waste Solution
4

20$ DNH 0.7 M Al{1*03)3
0,5 M H^PO (or 4 21 HH/BO3)
0.5 M H^SO/ 0,6 M HNO3
I If HNO3 0,05 M Na^r^

Experimental Works

Two sets of experiments were conducted to compare the efficiency
of various adsorbents and ion-exchangers in removing zirconium and columbium
from synthetic wastes solutions spiked with tracer and also of various
elutriants in removing the adsorbed Zr and Cb„

(l) A series of equilibrium experiments was performed to determine
the distribution coefficients of 2r-Cb tracer between several adsorbents
and Redox and precipitation process wastes. The tracer was prepared by ab
sorbing Zr«Cb from an oxalate solution (about 3C# absorbs) on a Dowsx
column, washing with dilute acid and then digesting the column with con
centrated HIIO3., The excess HNOo was removed by volatilization.- Ten ml. of
the waste solution, to which 100 A of the tracer had been added (giving
1870 Y e/m) was shaken with amounts of adsorbent varying between 0.04 - 1 gm,
Dowex 50, coconut charcoal, sea sand, and glass wool were used with con
trols, and the amount of tracer adsorbed was determined by gamma counting
the supernatant. The change in tf counts was often too low to give more than
an order of magnitude, i.e., Kd varied between 0-4, except in the case of
adsorbent charcoal on Redox process wastes. A typical set of data is given
in Table II„

Table lis Adsorption of Zr and Cb from
Redox Raffinate by Charcoal

Adsorbent %Adsorbed Kd

200 mgo C. 72 126„4
1,000 gms. C. 95 207
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The 207 figure is open to considerable question because of the
low counting rate involved,. The Zr=Cb activity was slowly eluted from
the charcoal with saturated HgCjjO^

(2) The specificity of charcoal for adsorption of Zr and Cb from
the Redox raffinate and methods for eluting the adsorbed Zr and Cb were
investigated.

A sample of "synthetic" Redox raffinate solution^ spiked with
7 day cooled fission product mixture, was equilibrated with coconut char
coal. The separated charcoal was treated with various reagents to deter»
mine if the Zr and Cb could be selectively desorbed. Results are indi
cated briefly below?

Table III? Desorptjon of Zr and Cb from Charcoal

Reagent Comments

H20 Slow removal, large volume - 240 ml/gm C
0„3N HC1 Slow removal, large volume - 240 ml/gm C
% oxalic acid No separation of Zr and Cb from other adsorbed F„P„U
% (HH^SiF^pH S3 Preferential elution of Zr and Cb

Measurements of the decay and absorption of radiations from the
(NH/JgSiF^ elutriant indicated only Cb and Zr with a small amount (1.5%)
of a hard beta emitter, possibly 17 h Zr.

Direct adsorption of Zr-Cb from the Redox raffinate passed through
a charcoal column was unsatisfactory; in addition, considerable gas evolution
occurred as a result of variations in room temperature.

Conclusions?

From these preliminary results, the use of charcoal to adsorb Zr
and s)b from the Redox raffinate appears promising. Considerable more re
search to establish optimum conditions, the purity of the products, and
eventually the feasibility of larger scale application will be requirer' No
proriKlng adsorption method for removing Zr and Cb from the BIPO, extv cation
waste was disclosed. Continuation of this research depends upon decisions
as to the ultimate feasibility of the use of the products„
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Separation of Fiasfem Rare Earths? (W. H. Baldwin, A. W. Smith, J. A. Swartout)

I. Introduction/

At reported last quarter (ORNL-65, pg. 76), the primary problem
in the separation of Eu and 3m from fission product mixtures which have
•cooled* only a short time is the preliminary separation of the two from
fission yttrium. Tests with TTA extraction, reported previously and here,
indicate that an ion-exchange procedure is to be preferred. Therefore,
emphasis will be applied to the establishment of the optimum conditions for
ion-exchange separation, compatible with the necessary restrictions imposed
by remote control. Of the readily available realna, Dowex 50 appeora to
have the most desirable properties. Among variables in its use which are
being investigated are (l) eluting agents which give more favorable dis
tribution ratios than citrate solutions and (2) temperature. An apparatus
to permit the study of equilibrium distributions at temperatures between
25* and 100° C has been installed,

II, Jjon-Exchanges

A. Eluting Agents - Other than Citrates

Tompkins and Mayer'1' reported distribution coefficients for
element 61 and Eu between Dowex 50 and several complexing agents in aqueous
solution. Two complexing agents, acetylacetone at pH 7.2 and tartaric acid
at pH 2.85, seemed to give more favorable separation} these have been exam
ined further for the separation of I and Eu. Acetylacetone (5$) has proved
to be insufficiently stable at pH 7.2 to warrant further investigation. A
separation of Y and Eu was made with % tartrate at pH 2.85 but the solution
was so concentrated as to deposit crystals slowly. This interfere*, with
the flow of solution through the column by plugging the outlet. Further
investigation is planned with more dilute tartrate (i.e. 1$). This will
involve equilibrium experiments with Dowex 50, 1$ tartrate solutions and Y
and Eu at room temperature before attempting column runs.

B. Lower Concentrations of Citrates

Since the Ames group has reported lower concentrations (0.1$6) of
citrate to be more satisfactory for separating milligram quantities of
rare earths than the % citrate, these lower concentrations are being exam
ined by equilibration studies to select suitable column conditions. A pre
liminary test with 0.1# citrate indicated that this suffered from the fact
that when column conditions were changed, a relatively long washing was re
quired to attain steady-state conditions. When the pH of the eluting solu
tion was raised from 3.1 to 5.0, the effluent from the column had a pH less
than 4»5 after 20 column volumes had been allowed to run through the column
at room temperature. Since the conditions often used for column separations
require that the rare earth mixture be placed on the column at pH 1, this
time lag is considered undesirable.

(1) E. R. Tompkins and S. W. Mayer, J. An. Chem. Soc. 62, 2864 (1947),
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C. Physical Properties of Dowex 50*

In order to develop reliable methods for the preparation of re
producible lots of resin for ubs in Ion-exchange columns, two lines of
attack have beer, followed. The first is a determination of the effect
of chemical pretreatment on the resin and the second, the development of
methods for uniform physical classification of resin particles.

(1) Cations, other than ET, were removed from Dowex 50 by
washing with 3 U HC1. The resin was then refluxed with constant boiling
HC1 (20$) and is now being examined for structural changes

(2) A re3in of uniform particle size is desirable for reproduci
ble experimental results and for minimum flow resistance in column oper
ation,, ".'et and dry screening did not give predictable or consistent re
sults, A counter-current sedimentation apparatus was devised and revised
t >produce head control and eliminate bubbles (Figure l).

III. Solvent Extraction with TTAs

It was reported previously (0RNL-65, pg« 76) that single stage
equilibrntion of Y and Eu between banaene containing 0.2 M TTA and an
aqueous solution containing 0,1 M l«aCl gave distribution ratios of 1/Eu
of about 2,2, It was believed that an advantage would result if the aqueous
solution contained a buffer which would form a complex with the rare earths.
Accordingly, equilibrations were made with benzene containing 0.2 H TTA and
aqueous solutions containing 0.23 K citrate. A somewhat more favorable
ratio of distribution coefficients resulted (i.e. 3.2 and 3.5, see Table I)
but this has not been tested in the counter-current machine.

Table I

Single Stage Equilibrium Distribution of Y and Eu at R, T.

Benzene, 0,2 M TTA
Aqueous, 0,23 E citric acid pfi adjusted with

llh\GH contained Eu and Y tracer

JBSL

5.7

6.A

Observed D.C.

0,017

5.5

.IlL

0.00A9

1.7

Ratio D.C.

3.5

3.2



28

countircorrem' sidub-station apparatus

1. Heat exchanger - warms distilled water entering lower end of jacket and
cools hot water descending bore

2e Keater - heats warmed water from 1. almost to boiling expelling dissolved
gases.

3„ Varlae - controls current to 2,

A„ Fluid head regulator - regulates head to vest of apparatus and allows
- escape of gases.

5. Cooler - cooled water from 1. is cooled to room temperature..

6. Flowrator - indicates flow through 7.

7„ Sediroentor - resin slurry fed from top is dispensed across the rising
column of water separating the coarse from fine particles.

8. Stirrer - agitates slurry,

9, Fine particle collector,

10. Coarse particle collector.





30

Cy> fyp« Beryl^uw, Nitrides (A. J. Weinberger, J. A. Swartout)

The work on this problem has been essentially completed. De
tails of the approved chemical process for extracting C1* from B«3M2
and results of the extensive testing will be reported in 0RNL-1A1,
"Extraction of C^* from Beryllium Nitride", which will also serve as a
process recommendation to the Isotope Development Branch of the 3utfL
Operations Department.
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Experimental Use of C^ (C* J» Collins, D. »» Beaa, 0. K» Neville, R. F.
Nystrom/ff. J.Skraba, A. Ro Van Dyken) * P.A. CX4-4

Summary

The rearrangement of carbonyl-labelled benzalacetophenone
epoxide in alkaline solution has been studied further,,

Fair yields of p-evethoxy benzoin have been obtained by the
addition of the p-anisyl Grignard reagent to N, R—diethylnnandelaaddec
Further work is in progress on this reaction, ainoe by the use of other
Grignard reagents a series of C1^ substituted unsymmetrlcal bensoina may
be prepared. Oxidation of these bensoina will yield the corresponding
benzilSo

Model experiments have been carried out on the synthesis of
ring-labelled benzoic acid, A material balance on the decomposition of
methyl triphenylmethyl ether was carried out and methods of synthesizing
the ether devised. Carbon dioxide-C^ has been reduced to methanol-C1*
5n high yield by lithium aluminum hydride„ The reduction of carboxyl-
labelled acetic acid by lithium aluminum hydride to aethylene-labelled
ethanol has been accomplished on a tracer scale<>

The oxidation of acetic acid and ethanol to carbon dioxide by
copper oxide and determination of the carbon dioxide manometrically was
carried out.

The Synthesis of Low Molecular Weight Intermediates Containing C3^

Formaldehyde (A, R. Van Dyken)

The decomposition of ^SOCR^ *»s carried out especially to
obtain a material balance. More than 95% of the material present as the
-OCH3 group can be recovered or determined as CH2Q, CO, and CfhOH= Com
plete decomposition takes place in less than two hours at 3?5°C°

Methods of preparing ^COCfi^ avoiding an excess of methanol
have been devised, It was found that methanol and a slight excess of
(jtaCCl react in the presence of pyridine at nom temperature using either
benzene or diethyl ether as solvent. From such preparations pure 93COCH3
can be recovered in &5% yield by recrystalliaing from methanol.

If the crude product from the above preparation can be de
composed in a satisfactory manner (i.e. good yields of CH2O) maximum
recovery of C1^ from labelled f>3COC1%3 can be obtained. Therefore,
^3C0CH3 was decomposed in the presenoe of ^COH and f^Cl. In the
presence of ^COH decomposition took place satisfactorily yielding 65%
CH2O, however, in the presence of (J^CCl the yield of CH2O was decreased
to less than 30$, and CO and CH3OH were found in correspondingly larger
amounts. Therefore, in any preparation of ©3COCH3 it is necessary to
hydrolyze carefully the excess ^CCl to taCOH before decomposition is
carried out. Preparation of "dead" £300063 using quantities similar to
those to be used in tracer experiments have been carried out and de
composition of this ether to check the methods of chemical and radio-chemical
assays is underway.
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The CO formsdduring decomposition may arise directly from
CH2O in which case an equivalent amount of H2 would be formed, This was
checked and within the limits of error no hydrogen was found, which agrees
with that of Norrls^1) who reports only CO as a gaseous product of his de
composition. This work is near completion and a final report will be
issued in the succeeding period*

Methanol, Ethanol and Acetic Acid (D, N. Hess, R. F. Nystrom, 1VC J. Skraba)

It was previously reported that a 16% dilution had occurred in
the synthesis of methanol from carbon dioxide and lithium aluminum hydride.
As a consequence of this all the reagents used in the process were care
fully analyzed and blank experiments performed. Ethyl ether present to
tho extent of 2 to 3% in the lithium aluminum hydride was found to '* the
diluent. The amount of methanol in the hydride was redetermined and
found in smaller quantities than previously reported, Methanol-CL*+ has
now been prepared in yields ranging from 77 to 92% by the hydride process
without any appreciable dilution.

Carbcxyl-labexled acetic acid has been reduced to eth&nal by
lithium aluminum hydride on a tracer scale in 90* yields It should be
noted that if the Grignard reaction could be conducted in such a way that
only acetoxy magnesium iodide would form, then the latter could be reduced
to ethanol without isolating the acetic acid.

At preaent, the best method for preparing acetic acid is the
addition of carbon dioxide to the Grignard reagent at -30°C., In this
procedure the carbon dioxide is added to an excess of the Grignard reagent
end this may explain the presence of by-products, namely, acetone and
tertiary butvl alcohol. Therefore, it is hoped that the "reverse"
addition described below will eliminate or reduce these side reaction*.

An apparatus for the carbonation of Grignard reagents at
low temperature (i.e. from 0°C to -80°C) has been constructed The
general technique involves the addition of an equivalent quantity of
Grignard reagent to carbon dioxide at lowered temperatures, A material
balance for the reaction can be obtained from the initial and final con
centration of the Grignard reagent and the amount of carbon dioxide taken
up during the reaction which is determined manometrically in a system
of known volume,

Lai

Reduction of Carbon Dioxide-C^ to Methanol-C1^ The apparatus
and equations for the preoaration of methanol from carbon dioxide and
lithium aluminum hydride have been described previously, ^^rrint
C^ was calibrated by converting it to carbon dioxide and transferring
the latter to an ionization chamber., Nitrogen gas was used as a <«"«»»<
The specific activity of the barium carbonate-C^ was found to be 5.75
uc/mraol, Dry carbon dioxide,, diluted with helium, generated by adding
30i perchloric acid to 2.014 grams (10,2 mmolsj of barium «J*«f•
(containing 58,76 uc, of &*>) was passed through a solution of 0,9 gram

(1) Norris, J. F, and Cresswellj J, Am, Chera. Soc. 5.J, 49*6-51 (1933
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of lithium aluminum hydride in 100 cc. of diethyl carbitol (b<p, 84^*/
16 am.). The tim* required for the addition of carbon dioxide was 75
minutei. Fifteen minutee after the last addition of carbon dioxide, 60 cc,
of n-butyl carbitol (b.p. 126°Cc/26 iam.) was added dropwise. Then the
ethyl ether was removed by passing helium through the solution for 45
minutes at 40°C* A snail amount of methanol was lost at this point,
The receiver was then cooled by liquid nitrogen and the still-pot tempera
ture held at 140°C,. for two hours. Next the traps containing the dis
tillate were sealed off and attached to the vacuum-line., The methanol
was vacuum distilled from the distillate at -45°C and 10-4 mm. into a
trap cooled by liquid nitrogen, After four distillations the methanol
was freed of the diethyl carbitol. The vapor pressure of the product,
was 29,0 mn. at 0°C. A yield of 252 mg or 7756 of methanol-C"» was secured0
The specific activity of the methanol was 5.71 uc./amol as compared with
5.75 u<;,/«mol for the barium carbonate. Eleven microcurlea of C*A warw
found in the still-pot which suggested that a higher yield of methanol may
be realised if the still-pot is heated for a longer period of time. Hence,
in another experiment the still-pot contents were heated for four hours
at 140°C, and a 92$ yield of methanol was obtained.

Reduction of Carboxyl-labelled Acetic Acid to Methylene-labelled
Ethanol. A 250 cc. flask containing a magnetic stirring bar and provided
with a dropping funnel and suitably arranged gas inlet and outlet con
nections was employed. The latter was attached to a trap cooled to -195°C.
and thence to a bubbler flow Indicator. In the flask was placed 0.9 gram
of lithium aluminum hydride in 100 cc. of diethyl carbitol (b.pt 95°C,/34 am.).
Then 0.6647 gram (11.07 mmols; of acetic acid-C14 (m.p. 14.5°C«) in 15 cc,
of diethyl carbitol was added slowly to the hydride solution. Thirty
minutes after the last addition 70 ccu of n-butyl carbitol (b.pc 126°C0/26 mm.)
were added dropwise. Next the still-pot temperature was raised to 140°C,
and held there for 3^ hours. The traps containing the distillate were
sealed off and attached to the vacuum-line. Ethanol and ethyl etner were
separated from the diethyl carbitol by four distillations from the siixture
at -40°C. and 10"* am. to a trap cooled by liquid nitrogen. The ethyl ether
vas removed by distillation from the ethanol at -80°C, and ID"1* mm, to a
trap cooled by liquid nitrogen. A yield of 0.56 cc. or 90% of ethanol-C1*
was obtained. The vapor pressure of the product was 12*5 mm at O C The
specific activity of the acetic acid was 1.17 uc./mmol., as compared with
1.16 uc./mmol:. for the ethanol,,

Ring-labelled Benzoic Acid

The synthesis of ring-labelled benzoic acid by the following
series of reactions has been undertaken:
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0CH2CH2CH2Br f*\ CH2CH2CH2MgBr

CH2CH2CH22oOH

Model experiments have been undertaken upon the synthesis of
napthalene through the carbonation of ^-phenylpropylmagnesium bromide to
produce <£ -phenylbutyric acid. It has been found that carbonation of this
Grignard reagent proceeds in 45% yield by freezing the carbon dioxide
into the ether solution of phenylpropylmagnesium bromide on a vacuum line.
A new vacuum line has been constructed by which it will be possible to
add an ether solution of the Grignard reagent to carbon dioxide dissolved
in ethyl ether at -80°Co It is anticipated that the yields obtained by
thjLs reverse addition will be satisfactory. Approximately 5 grams of
^—phenyl butyric acid have been prepared and the cyclization of this
material has been studied in a preliminary fashion. Thus 500 milligrams
of this acid were cyclized by the anhydrous zinc chloride method to yield
144 milligrams of a crystalline product believed to be the acetate of the
enol form of alpha tetralone. Two such attempts failed to produce satis
factory yields so this method of cyclization has been abandoned.

p-Methylcinnamic acid has been reduced to p-methyihydrocinnamyl
alcohol by the lithium aluminum hydride method in excellent yields.,
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The Study of Reaction Mechanisms with C^

RearrangQjyent of Chalcone Epoxide (C. J.. Collins)

Desoxybenzoin containing carbon»14, which had previously been
obtained by the alkaline rearrangement of chalcone epoxide, has been
concerted to radioactive phenylacetic acid by the Beckmann rearrangement
of its oxime followed by acid hydrolysis. Oxidation of thia acid t,o
benzoic acid and carbon dioxide and analyses of the latter two fractions
should indicate the position of the carbon-14 in the desoxybenzoin The
following chart shows the reactions involved:

* * -£~
fCHgCDf- *ft £ fCH2C$ 12? > <|)CH2CONBf>

#->

Experimental

Desoxybenzolnojcime-C^o Five hundred milligrams of desoxybenzoin,
500 milligrams of hydxoxylaraine hydrochloride, 4 ml. of absolute ethanol
and 4 ml. of pyridine were heated under reflux for 90 minutes. The
solution was evaporated to dryness in an air stream and desiccated by
evaporation with a high vac pump in series with a dry ice trap. After
the flask had reached constant weight, 10 ml, of ether and 10 ml, of 6 N
hydrochloric acid were added. This mixture was agitated until the gray
crystals had completely dissolved. The layers were separated and the
ether layer was washed with 10 ml, of 6 N hydrochloric acid and then with
5 ml. of water. The aqueous layer was washed with 5 ml, of ether, and the
ether was washed with several 2 ml. portions of water. The combined ether
layers were evaporated to dryness in an air stream and desiccated over
phosphorous pentoxide. The yield of solid crystals was 527.5 mg,

Phenylacetanilide-C1^, The desoxybenzoin (527.5 mg.) was dis
solved in 5.0 ml. of pure benzene. Three hundred rag. of PCljj was weighed
into the flask in a dry box. After the solution was heated under reflux
for fifteen minutes, 20 ml. of water was cautiously added. The benzene
layer was evaporated in an air stream and the yellow solid was dissolved
in 20 ml. of ether. The aqueous layer was washed with two 5-ml, portions
of ether, the ether layers were combined and washed with saturated NaHC03
solution (two 5-ml portions). After washing with two 5-ml. portions of
water, the ether was evaporated. The solid residue was placed in a
desiccator over-night. The yield of solid materials was 490.8 mg* This
crude product melted ?6~1Q2°C.
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The crude phenylacetanilide was dissolved in 4 ml. of benzene
and placed on an aluSna chromatograph (80-200 mesh) 11 «UU*fi™ **
SLeter and 140 millimeters in length. The flask was waauad with 1ml,
of bertzene and this was added to the column. The column was then
dLto^d with 30 -1. of benzene.. Ayellow fractionC™l^Zltre
column with the first portions of benzene. Five ml fractions were

orated; the fourth fraction produced pure white crystals. At tmsp^nt ?hebenzene development was stopped and the p^lac«U»ilx* «.
washed off the alumina with alcohol. In this way a 378.4 mg. yield or

;,ylac«tanilide was obtained (72.* of theoretical).
Phenvlacetic acid-C^. Two hundred milligrams of phenylacetanilide

. placerr^thlck will Py?ex tube with 5ml. glacial acetic acid
lX of concentrated HC1. The tube was Versed in a Dry **™<*™
schloride-clilorofom bath, evacuated, and sealed. The tube was placed

.acnionae-viuww *«* ' , . 1Qno for g hr. The tube wa-j thenin a micro carius furnace and heated at 19U ior o nr. f
o «ned and the contents were evaporated to dryness. Five milliliters of
e^S and 5 ml- of 6 NHC1 were added, the layers were separated, a»* «»
aouSus layer was washed with six 5-ml portions of ether. The ether ^yers
wa^SabSS and washed once with 3ml-, of 6NHC1 and then with 2ml,
of wate^ Theater and hydrochloric acid fractions were "^°"** *fh
ether! The combined ether layers were evaporated to dryness. The yield
of phenylacetic acid was 129 mg, or 100% of theoretical.
R^^^^gt_oiUnsymmetrical BenzilB (O. K. Neville)

Further investigation of general methods for the preparation of
clA~carbonyl=labelled unsymraetrical benzils has been in progress. The
Frieoel^rafts condensation of phenyl-acetyl chloride with ^s^J^.n^
rfrS consistently good yields of bensyl p-anisyl ketone. Considerable
SSL of an unidentified product other than the desired ™f™*™{2)Stained in e/ery case. This is in agreement with the »?*?' ^^
who has previously carried out this condensation in *.slightly %££*
runner. The condensation of P"!f^^^g.^J^tha previous reaction2ZM S?JfrJSSSSaW EJSEcfS Sf^yU-t reaction.

The reaction of a Grignard reagent with *^el^e**S Jj6^
.(oU-i) «._ _,._, noor yields of the corresponding benzoin, it, wa3

•h. tr> prevent Grignard replacement of the amide hydrogens, me

rlvrtlv.. M»n this "**\~ ^ "£' £££i£ S"to reacts

Grignard reagents, a series oi o*cavbinoi,iabelled mandelic acid,
be made from the previously prepared caibinoi isoexx

(2) Jenkins, J. Am. Chem. Sec, |4, 1159 ^932)
(3) McKensie and Wren, J. Chem. Soc, ^ 311 (1908;
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Experimental

Mandelic Acid Acetone Derivative

a. Sulfuric acid method'^). One gram of mandelic acid was
dissolved in 5 ml. of acetoneP and the solution was cooled in an ice-
HC1 bath to -15°C» While the cold solution was stirred magnetically,
0,652 g. of cold sulfuric acid was added dropwise. After standing with
stirring for 15 minutes^, the solution was poured into 10 mlc of water con
taining 1,37 g„ of Na2C03. The white acetone derivative which precipitated
was filtered and dried.. The yield was 0,59 g. or 45% of theoretical.

b« Zinc chloride method. One gram of mandelic acid was dis
solved in 30 ml. of dry acetone. To this was added 3 g„ of anhydrous zinc
chloride., After standing overnight, the solution was distilled at room
temperature under vacuum to remove the excess acetone. The resultant
syrup was dissolved in water and extracted several times with ether.
The ether was evaporated and the resultant white crystalline acetone
derivative was dried in a desiccator. The yield was 0.984 grams or 74.5%
of theoretical.

N,N-dimethylmandelamide. To 0*66 g. of the mandelic acid acetone
derivative was added 10 ml, of dry diethyl amine. The white crystals went
into sclution immediately with a small evolution of heat- Almost im
mediately a white crystalline precipitate formed around the edge of the
flask. The mixture was heated under reflux for one hour and the crystals
were filtered. The yield was O.65 Z, or 91% of theoretical of N,N-
diethylmandelamide,

p-Methoxybenzoin„ The p-anisyl Grignard reagent was prepared
from .224 g„ of magnesium 1.76 g, of p-bromoanisole in 20 ml. of dry
ethyl ether. The 0,65 g« of anide was added in one portion, the mixture
was heated for four hours, and was then decomposed with water and sulfuric
acid,. The ether layer was evaporated, and the solution was steam distilled
until the distillate was clear. The crystalline solid in the flask was
extracted into ether, the ether was evaporated, and the material was re •
crystallized from ethanol. The yield of the p-methoxybenzoin was ,.232
or 30,% of theoretical.

A repetition of this experiment under practically the same
conditions, except that the reflux period was 20 hours, gave a 55^ yield
of the substituted bonzoinc

Development of Analytical Procedures

Oxidation and Aasay of Low Molecular '/eight Compounds Containing C1^ (R '
Nystrem and W<. J. Skraba)'

Isotopiq acetic acid and ethanol have been oxidized quantitatively
to carbon dioxide by passing the organic compound over copper oxide at
800°Cv. in a sweep of purified helium. After two and one-half hours the
amount of carbon dioxide was determined manometrically and the water gravi-
natrically. Next the carbon dioxide-C^ was transferred to an ionization
chamber which was attached to a vibrating reed electrometer and the activity
of the carbon dioxide was determined*
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3 - SUPPORTING CHEMICAL RESEARCH

Inorganict, Physical and Radiochemistry

The Fundamental Chemistry of Ruthenium (tt. D, Silverman, J, A. Swartout)

Research on the solution chemistry of the upper valence states
of ruthenium was temporarily suspended this quarter in order to place
full time on crystal structure studlese It is expected that work on
solution chemistry will be resumed next quarter,.

Ion-Exchange Separations: Rare Earth Purification (D. H. Harris, G„ B. Boyd)

The program directed towards the separation of one gram quantities
of all of the rare earths in a spectrochemically pure condition has con
tinued. (See 0RNL=65i, p, 94)) During the quarter now elapsed the
following additional quantities of pure earths have been prepared:

Ib203
Dy203
Gd203

0.519 gc
0.671

4.511

Also, moderate quantities of pure Lu have been produced in a
separation just completed^, although the complete data have not been obtained
as yet. Additional quantities of spectrographically pure Ta will become
available in the near future from a new separation presently in progress;

A considerable interest has developed during the course of this
work in the position cf yttrium in the rare earth "exchange potential"
sequence, In the initial work /cf. B„ H, Ketelle and G. E, Boyd, J, Am.
Chem. Soc3, 6%, 2800 (1947)J in which either micro or else fractional
milligram quantities of the heavy rare earths were separated,, yttrium was
observed to follow Ho and either te proved* slightly or to eclipse Dy which
in turn preceded Tb, Subsequent studies (cf„ ORNL-65, p. 95) at tracer
concentrations using the cyclotron produced 105d Y88 confirmed the position
of yttrium as intermediate between Ho and Tb, The Dy peak was found to be
almost superimposed upon the Y peak.. In these macro-separations at one
gram level, however, yttrium has been observed repeatedly to fall between
Dy and Gd and almost coincident with Tb. It is possible that displacement
el'Xects may be important in producing this shift, for in the separations
just cited the Dy and Gd were present in a much larger percentage than
either Y or Tb.

Another problem of incidental interest in these separations is
the possibility of the occurrence of element 61 in nature0 Recently some
observations of possible relevance were made in connection with the working
up of an Eu fraction which had been concentrated from a one hundred pound
batch of cerium earth oxalate. In the final crystallization for the con
centration of the Eu a curious discontinuity seemed to appear; in several
Sm fractions an apparent Nd impurity persisted at an unexpected point.
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This Nd was later isolated from the associated Sua by extracting the
Ler (plus Eu) with sodium amalgam. The absorption spectrum of this

"stray Nd" appeared somewhat abnormal, and since it is now known that
61 resembles Nd in certain of its salts it was thought that the ab
normalities might be related to the missing element0 Examination cf the
emission spectrum (copper spark) showed Gd principally. The color of
the oxalate precipitate formed from the material suggested an appreciable
fraction of Nd^ but the initial spectrochemical results gave no Nd. This
was re~checked and some Nd was found, but not a great amount, ,/hen
searched for, one line characteristic of element 61 was indicated faintly
but another could not be found. This fraction and similar additional

material will be separated on an ion-exchange column to check for 61.

Surrey of Element 43 Activities Produced by Deuteron Bombardment of '.he
Separated'Molybdenum Isotopes (E. Ec Uotta, G. E. Boyd)

The separation of weighable quantities of each of the seven
stable isotopes of Mo at the electromagnetic separation plant in Oak Ridge*
made possible an advantageous way of producing and studying the various
radioisotopes of element 43.- It represented a unique method by which one
could compare the yield of any given Tc activity produced from one of
the separated Mo isotopes, with its yield from any of the other separated
isotopes - thus making a mass assignment possible,. This distinction was
not completely clear cut, since each of the separated Mo isotopes always
has a few percent, at least a fraction of a percent., of all the other Mo
isotopes. However, the yield of a given Tc activity produced from one of
these isotopes, say by a (d,2n) reaction, should be favored by a factor
of 30 to 100 over its yield from any other Mo isotope. This is indicated
by Table I, which gives the isotopic analysis of each of the enriched Mo
isotopes,. For example,, if a di,2n reaction is carried out on Mo enriched
in Mo9°, more Tc*?0 should be produced than from the bombardment of any of
the other isotopically enriched Uo mixtures. Deuteron bombardments
appeared to be the most convenient method available for using these Mo
isotopesj
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Table 1

laotopic Composition of Separated Mo Isotopes

Mo92

SSHgMgcg Vr~xs=K=KX

Mo 94

Mo92 92,07$ + 1.0$ Mo92 196$ + 3Mo% 1,67 oi Mo94 74,68 'if y
Mo 95 2 39 .3 Mc-95 10.09 • .2
Mo96 1,15 .3 Mo96 4.44 " ,2
Mo 97 54 a Mo97 2.46 " .2
IMo98 i 65 .3 Mo 98 4,46 " .2
MolOO V) .2 lto*» 1.91 " -3

Natural

Mo

Mo95

Mo92 14,9$ Mo92 67$ * ,3
Mo94 9.4 tto« 2,93 5
,Mo95 16,1 Uc^ 80.75 1.0
Mo^ 16.. 6 Mo#> 5.01 .5
Ho97 <? 6? MoS 1.51 .3
Mo?8,, 24= I Mom 3.24 5

MolO° 9.25 Mo100 5,89 ,.5

Uo96 Mo 97

—!

Mo92 2,18 * ,3 Mo92 .78 + .1

|
*

1
to9A 0.7 ,2 Mo94 .64 ,1 i

Mc^ «°^ 1.28 =1
Mo96 88 2 .3 Mo96 3.78 .2 1

Mo97 3.82 .3 Mo9? 77.97 1,0 i
Mo93 3.41 .1 M°5^ 12,96 •5 i

Ho*™
!

1 03 -.05 IfolOO 2,94 ,5
»

i- •"•—

i

!
M098 Mo100 1

I
I--1 -

Mo92 0,55* * ,1 Mo92 .85$ * .3

i

Uo94 0.33 .1 Mo% 1.82 .5
Mo95 0.51 .05 M°?J 1.29 .4

Mo96 0C68 ,05 »»s 1,33 ,3
Mo97 0.84 a Uo9? .89 ,3

Mo98 95.0 1.0 Mo98 2o85 .5

Mo** 2.01 .2 Mo^C- 90,2 1,0
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Discussion of Predominant Reaction

In this study, deuteron bombaztoents were obtained at the
cyclotron at the Carnegie Institutior in 'Washington, D„ Cc and at the
60 inch cyclotron at Berkeley, Califcrnia, The nominal deuteron energies
in the Berkeley bombardments were 20 Mev j.nd at the Carnegie cyclotron
15 Mev,. In order to help establish mass iissignments, it was necessary
to know the predominant reaction wh..ch vac occurring in these bombardments
with deuterons of this energy. It vas found, as expected, that the
(d,2n) was the dominant reaction. However, a discussion of this factor
is warranted.

To begin with, tYn deuteron -snergies were in the range xhere
tne d,2n reaction generally predominates; The well known simple plot
t-olow illustrates

(d,2n)

Yield

Deuteron Eneigy-Mev

how, in general, as deuteron energy increases the (d,n) yield rises and
then falls of f: At approximately 5 to 10 Mev, the (d,2n) reaction begins
to occur and at ab.-ut 16 Mev, it is the principal process„ It is possible
to give many examples of where this occurs, Thus, general considerations
indicated that tKe d,2n would predominate.

Howev r, in order to confim the <*act that this was also occurring
in the Mo regioi, it was decided to tietemire the yields of some of the
already well aligned Tc activities axi to suow that the (d^2n) was in
deed dominant*

The mass number of,the UJ'. day Tc96 had been very well
established >y previous work^1*2). If the d,2n was the principal reaction,
then the greatest cross section or greatest relative yield for the pro
duction of tne Tc96 activity should lave been found in :fo96„ This was
actually otvurved to be the case and confirmed the expected (d„.2n) pre
dominance ir the Berkeley bombardments.

Tie (d,2n) dominance in the Carnegie Institution cyclotron bom
bardments w;s confirmed by the following results:

Ai described previously., the assignment of the 13--.5 minute
Tc^O-^ had bien well established,. In tnese bombardments, this isotope could
be produced only by a (d,n) reaction on stable Mo^00, since Mc^l is un-

(1) Ewing Perry and McCreary, Phys. lev., JSjj, 1136 (1939)
(2) Edwaris and Pool, Phys, Rev., 72, 384 (1947)
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stable and does not occur in nature. If the (d,2n) was the principal
reaction, then the cross section of Mo^^O ^rj the (d,n) reaction to pro~
duce TcIOl, should be of a smaller order of magnitude than all the
other cross sections. On the other hand, if the various Tc activities
were being produced by (d,n) reactions rather than (d,2n), the yield
of the Tc-ft}l should have been of the same order of magnitude as the
yield of the other Tc activities. However, it was found to be much
smaller. This served as an acceptable confirmation of what was ex
pected on the basis of deuteron energy - namely that the (d,2n) reaction
was prevalent.

In-the Berkeley bombardments with 22 Mev deuterons, some (d,3n)
reactions may have occurred - but not in sufficient quantity to affect
the mass assignments.

Preparation and Analysis of Cyclotron Targets

Since the cyclotron targets became very hot during bombardment;,
it was necessary to have the Mo isotope in a non volatile form.- These
isotopes were obtained originally in the form of M0O3, which Is volatile
at the temperature to be encountered during bombardment,, A method was
finally devised in which the M0O3 powder was reduced to a thin layer of
sintered Mo metal (20 mg) centrally located on a Cu backing? This was
done by heating the M0O3 on the Cu backing at high temperatures in a
stream of H2- The reduction was carried out in a large quartz tube
heated by blast lamp,- After bombardment, the Mo was carefully removed
with a 3harp edge from the target. It was dissolved in concentrated
h*2S0/+ and the Tc distilled away. Tc samples of varying intensities were
nrepared using platinum sulfide carrier., and very thin deposits of Tc
were electroplated out, so that the very soft radiations might be studied.

Study of Tc Activities Produced by Bombardment of the Various Mo Isotopes

Starting with the heaviest Mo isotope, Mo100* bombardmenta of
varying length were carried out on the various isotopes snd the following
information was obtained from the Carnegie work.,

80 second Tc. Short deuteron bombardments on Mo^ producer; A
new short lived Tc activity which decayed with a half life of 80 l
aeeofios and which emitted charged particles having an energy of 2.3
0,5 Mev. A gaaima ray of 0„6 + 0.1 Mev energy was also found associated
with this period The decay curve al80 shows the previously knovm(3)
13-15 minute Te^Ol period as a longer lived component.. The new activity
is best assigned to Tc100 on the basia of the much greater cross section
for its production from Moloc than for the production of the 15 * 2
minute TclOl •» which can be produced here only by a (d9n) on MolOO,,

40 minute Tc, Bombardment of Mo9? and Mo98 gave rise to a
40+5 minute Tc radioactivity emitting charged particles having an
energy of 2.0 t 0.5 Mev., The decay curves show the presence of the
previously known 2^7 hour and ^2 day Tc activities,, No mass assign
ment is as yet proposed for this activity. Its identity should be
studied furthere

(3) Sagane, K. M, and Ikawa, Phys Rev0, 5J> 750 (1940)
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2.8 day Tc Deuteron irradiation on Mo98 varying between forty
minutes and one'hour were found to yield another Tc activity of 2:8 + 0.1
day half life in good abundance. Beta rays of 1.3 f 0,.2 Mev maximum
energy and gamma rays of 0„9 * 0,1 Mev were found to be associated with
this period. Previously half"lives of ca 2 d and 2.7 d in element 43
have been reported but the radiation characteristics^5»o; were different
from the above. The yield in the production of the 2,8 day Tc activity
makes it best assigned to mass 98.

20 hour Tc. One hour deuteron bombardments on Mo°5 were
observed to give rise to a Tc activity of 20 £ 2 hour half life which
decayed with the emission of 16.5 * 1.5 Kev X-rays, (fc \ • 110 * 15 mg
,1/cm2) and a gam.ia ray of 0.8 + oTl Mev energy. Yield consider* tions
have led to the assignment of this period to mass 95. Quite recently
the formation of what appears to have been the same radioactive 3pecies
of Tc by decay from Ru9? has been reported^). It appears to be an in
dependent isomer of Tc95 along with the 50-60 day activity.

50 minute Tc. Deuteron bombardments on Mo9^ of about one hour
duration led to the formation of a Tc activity in good yield, which de
cayed with a half-life of 50 £ 2 rainutea and emitted positrons of 2.5 ±
0.3 Mev energy. A gamma ray of 0,9 t 0.1 Mev energy was found to be
associated with this period also. These characteristics appear to be
in good agreement with previous observations on a 53 Mnute activity
produced in natural molybdenum by proton bombardment vs? 9), On the basis
of the yield of the activity from the molybdenum enhanced in Mo"*S the
50 minute Tc period is best assigned to mass 94*

2.7 hour Tc, Although a 2.7 hour activity had been previously
observed in a Mo target(10), no work had been done on the character and
energies of its radiations or on it 6 unambiguous chemical identification.
Bombardment of Mo92 gaVe good yields of a 2.7 £ 0.1 hour Tc which was
shown to be a positron emitter by magnetic deflection. A positron energy
of 1.2 * 0.2 Mev, and a hard gamma ray of 2.4+0=5 Mev were determined
by absorption measurements. This activity is best assigned Tc93 on the
basis of the low cross section (by dsn) for its production from Mo7*".
The more energetic 4,5 minute Tc was produced from Mo** with a cross
section which indicates a d,2n reaction and a mass number of 92,

4„5 minute Tc. Five minute deuteron bombardments of Mo92 gave
rise to a "new positron emitter with a half life of 4.5 * 0.5 minutes and
a positron energy of 4.3 ± 0.5 Mev. A gamma ray of 1.3 * 0.3 Mev energy
was also present. The decay curve showed a longer lived period with a 2.7

(4) Seaborg and Segre, Fhys,. Rev., j>5_3 808 (1939)
(5) Glendenin, Plutonium Project Record Vol. KB (12,9)
(6) Abelson, p., Phys. Rev., .56, 753 (1939)
(7) Eggen and Pool, Bull, Am. Phys. Soc. 23. (3) 56 (1948)
(8) Ewing, Perry and McCreax-y? Phys. Rev, J55, 1136 (1939)
(9) Gugelot, Huber, Medicus, Preiswerk and Steffen, Helv. Phys, Acta,,

19, 418 (1946); ibid., 20, 240 (1947)
(10) Delaasso, Ridenour, Sherr and White, Phys. Rev. 5J, 113 (19i9)
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hour half life, the existence of which ha3 already been indicated. As a
result of ita mode of production and yield, this 4.5 minute Tc activity
is best assigned to Tc>2 a3 discussed in connection with the 2.7 hour Tc.

Longer bombardments were carried out on Mo9°i y095 ^q Mc97
(zvlOO u.a.h.}, in order to obtain substantial yields of the longer lived
Tc activities. The following Tc activities were found in this series of
bombardments with the 60rt Berkeley oft,

4.2 day Tc. This well established Tc9& activity(n>12> was
produced in greatest yield from the deuteron bombardment of Mo enriched
in Mo9*> and decayed with a half life of 4,2 * 0.1 days This result
serves to confirm the predominance of the (d72n) reaction, Gam.

0.8 * 0.1 Mev energy as well as 17-18 Kev X-rays were observer
C^iarged particles of 0.64 Mev energy were not found however.

50-60 day Tc, The previously studied 50-60 day Tc^12*1^*^) was
produced in greatest yield from the deuteron bombardment of Mo enriched in
lfo"c The decay curve gave an apparent half life of 59 days,, This value
will be reduced somewhat by the subtraction of a 90 day component which
is almost certainly present. The radiations found associated with this
period were a 0,8 j- 0,1 Mev/"-ray, a 0,24 ± 0.05 Mev £-ray, and X-rays
characteristic of the Mo-Tc region. The tf^ray of lower energy was twice
as abundant as that of higher energy in agreement with Huber et alCU),
after correcting for counting efficiency. In addition, conversion electrons
of rvieo Kev energy were observed (Visual range 40 mg Al/cm2). The pre
dominantly greater yield of this 5O-6Q day Tc activity from Mo enriched
in Mo95 supports its assignment to Tc95?

90 day Tc Our earlier work' ^ on the approximately 90 day Tc
had Indicated' its assignment to mass 97. It was to be expected then that
a d,2n reaction would give the greatest yield of Tc97, when carried out on
Mo enriched in Mo97 This result was actually found and confirms the
assignment of the 90 day Tc, Soft electrons of/s,85 Kev energy (£1 - 1„5
eg Al/on2);, and .17-18 Kev X-rays were again found associated with this
period. The yield of any unconverted soft gamma radiation (*v97 Kev) was
bo small that its presence was doubtful,.. The decay curve gave a 9D + 2
day half life.

(11) Ewing, Perry and McCreary, phys. Rev., JJJ5, 1136 (1939)
(12) Edwards and pool, Phys. Rev,, 72, 384 (1947)
(13) Cacciapuotl and Segre, Phys. Rev. j£, 110 (1939)
(14) Huber, Medicus, preiswerk and Steffen, Phys. Rev. 7j, 1211 (1948)
(15) Motta, Boyd and Brosi, Phys. Rev. JJ., 210 (1947)
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Table H

Summary of Radioactivities of Element 43

Mass No Half- Ufa Radiations

Tc92 4.5 • fi* 4c3atev
V 1.3 Mev

Tc93 2.7 h fl* 1.2 Mev
Y 2.4 Mev

Tc94 50 m A* 2.5 Kev
'/ 2.8, 0.9 Mev

Tc95 20 h IT. X-rays
Y c?6 Mev

•52 d K capture e6s
Y .25, .84 Mev

Tc* 4,2 d K capture
V0.9 Mev

Tc97 88 d I.T: X-rays
e's

Y ,097 Mev

>15 y K capture?

Tc98 2.8 d fir 1*3 Mev
' ^0.,9 Mev

Tc99 6 h

9 x 105 y

I.T. e»s

y,136 Mev

No Y
A .32 Mev

Tc100 80 3ec A" 2,3 Mev

TclOl 14 m A " 1.3 Mev
' Y 0,3 Ilev
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General Radiochetnlstry (B> He Ketelle, C E, Boyd)

Several isotopes have been studied on the beta ray spectrometer:

In the May, 1948 quarterly report G. If, Parker and members of
his group reported on the radiation properties of Sa^l^ the fission
product of about 20 years half-life,, Because of the difficulty of in
terpretation of absorption curves, it was considered worthwhile U>
attempt a study of this isotope on the spectrometer. It is reccfiized
that there are problems due to scattering and absorption of such soft
radiation in the spectrometer but these are less detrimental and more

.ily studied than the scattering problems arising when one takas ab
sorption curves on the beta proportional counter.. The source nwl*?.*ial
consisted of several milligrams of carrier free fission product samarium
obtained from Parker and mounted on a thin film. The source thickness
was about 5 rag/em2. The beta spectrum showed no conversion linesj A
Kurie plot was linenr from the endpoint, 81 kev, down to 55 kev£ Delow
this energy the ordinate (N/fl3)2, decreased due to absorption by the
counter window. Several experimental runs were made using counter tubes
with windows of differing thicknesses,. The end points agree to within
3 kev.

The 51.5 day Hg20^ or Hg20^ isotope has been studied previously
by L„ C« Miller and L. F„ Curtiss (CP-3102). The "beta" spectrum given
consisted of the K and L conversion lines of a gamma ray. of energy ,28
Mev., the average value obtained from the two lines which gave values
of .276 and ,285. A source of this activity produced by neutron bombard
ment of mercury was obtained from I0 R., .Vhitney. A normal beta spectrum
with the two conversion lines was obtained^ The gamma energy corrssponding
to the lines was .265 and .266 Mev, for the K and L lines respectively..
Because of the width of the conversion lines and the lact that the L line
comes almost at the end point of the beta spectrum, it has not been possible
to prepare a Kurie plot. However,, it appears that the upper limit must be
less than .31 Mev An attempt to obtain data with the instrument set at
higher resolution may make it possible to obtain the Kurie plot. The
photo-electron spectrum from a uranium radiator was obtained with two
different sources. The K and L lines correspond to ,271 and .273 Mev.
for one source and .276 and .273 Mev. for the second source. Thus, it
appears that the gamma ray energy is about ,273 + ,003 Mev. and the beta
ray maximum less than .31-

13*)
In addition to these two isotopes the decay scheme of I y- has

been studied further and the results reported elsewhere in this report
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Studies of Extractions with g-diketones; (H, A. Levy, A. Broido)

Introduction

Research was continued on the extraction of various metals into benzene
solutions of TTA (symbol, HT) according to the reaction,

M*n (aqueous) + HT (bensene) ^"MTn (bensene) ♦ nH* (aqueoua).

As deacribed in previous quarterly reports , the extractabilities have
been calculated in terms of the equilibrium constant,

h
Mb m:
l>1AH

in which the brackets signify thermodynamic activities and the subscripts,
A and B, refer to aqueous and benzene phases, respectively,..

Lutecium and Praseodymium

The elements for which K, has been determined this quarter are lutecium,
u - 2.0 x 10-L praseodymium, K_ - 3.5 x 10~8, and prometheum (element 615,

• 6.2 x 10~B„ The data for these experiments are included In a report'*
issued and will not be presented here0

Zirconium-Hafnium Separation

In addition to work on the determination of equilibrium constants,
further work has been done on the separation of zirconium and hafnium with
TTA. Ordinary zirconium containing 3% hafnium impurity was brought to a
concentration of 3 mg/ml in 6 N HC1 and mixed with 0„25 MTTA benzene.,
Although an attempt was made to determine separation under non-equilibrium
conditions, the early aliquots of the benzene phase contained concentrations
of hafnium too low to measure by the spectrographic techniques used. At
equilibriums with 75? of the zirconium extracted into the benzene phase, an
average of four values indicates a 1% Hf impurity in that phase, while the
zirconium residue in the aqueous phase contained r^l2% Hf impurity. (See
Table I)

The value of K- calculated from these/data is 1.5 x 10? in good agree
ment with previous results with tracer ZrV5:?« but the value for KHfs 1.3 x
10°„ is lower than that previously reportedly a factor of 5„ The reason
for this discrepancy is not known.

(1) CNL-37
(2) ORML-I39 - To be issued soon
(3) MonN-311
(4) ORNL-65
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Table I: Extraction of Zr and Hf by TTA-Benzene

Aqueous: 6 N HC1, Zr or Hf as shown
Organic; 0.25 M TTA in benzene

Elapsed Time
hrs. mg. Zr,

Aaueoua Phj,
r/ml. Hf/Z

££.
'Zr x 100

SfiQ2£
mg. Zr/ml.

BftP.aeng P\ Phflfie
Hf/Zr .

Original Aqueous

0.5

1

2

6

23

30

48

96

3.3

3.2

3o0

2.2

0.74

0.42

0,49

0.45

0.45

2.9

2.6

2o7

3.6

7

14

10

11

13

None

0.86

0.78

1„05

0.91

None

0.2S

0.58

1.2

2.4

2.1

2,4

2.6

2,3 0,-96

x 100

High Radioactive Level Chemical Equipment ~(H. A. Levy, M. H. Feldman)

Testing of the high level chemical equipment disclosed the need for
redesign of several of Hie mechanical units. This redesign and construction
is now complete, and further testing is in progress, with preliminary indi
cations of satisfactory operation.
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R»n>tion8 from Ba141 (H. A. Levy, B. Zamel)
Introduction: The purpose of this investigation is to characterize the

18 miff iiotopTof Ba, BaW, as part of the larger problem of determining
radiaSicTcharacteristics and other>operUee of the fission isotope whose
half-livea range from fractions of a minute through eeveral minutea-

To aunroarize briefly the problem as preaented in aP^orreportft), *** ,
detemLaU^of the radiation charact.eri.tic8 of 18 mln. Ba^ i. complicated
by the presence of the following known isotopest

2 min. Cs142 —» 6 miikBa142 >78 ain. La142

"Short" Cs141—> 18 min. Ba141 —* 3c5 hr. La141 —* 28d Co141
7 min. Cs139 —* 85 min. Ba139 —* stable La139
"Short" Ca140-—~* 12.8 d. Ba140 » 40 hr. La140

Experimental Principles: In order to treat the 18 min, Ba with fnj^
degree of satisfaction, it was necessary to reduce the amount of 6 min. Ba
and 85 min. Ba139 as much as possible and to eliminate the La and Ce daughters
of Ba&2 and Ba14!.

The reduction of the Ba139 and Ba142 isotopes was handled in much the
same way as proposed in a previous reportU^ namely by short bombardments
of Uimand rapid Ba separations, so that advantage could be taken of the "short"
Csl41 parent of 18 min. Ba141. Ba142 was largely eliminated by permitting a
decay of about one hour before final separation.

The problem of eliminating the La daughters was one of continuoua separation
during counting. This was done by circulating the Ba in solution through a
suspension of Fe(0H)3, and counting through athin windowed pipette.

Experimental Details: The separation of Ba from irradiated UMH is handled
in a portable hot cell described in earlier reportsW. This consists of a
"Stang precipitator" and auxiliary equipment for emptying the rabbit, collecting
the sample, and disposing of "hot" waste.

The rabbit used, as previously described, has a rubber gate whereby the
irradiated UNH solution can be rapidly syringed out without having to open the
x*abbit.

To facilitate the rapid separation of Ba from Cs and other fission isotopes,
the portable "hot cell" was moved to the pile floor ao that the rabbit could be
rapidly emptied into the reaction vessel. Exposures on the average were of 20
seconds duration, and the time between the end of bombardment and beginning of
precipitation was of the order of 35 seconds, the first filtration and its
subsequent washing being completed in about five minutes. Atotal of four HC1-
ether precipitat*0118 wre made to inSure rea3onable separation from contaminations
such as Sr«

TlTCNL-37
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The separation of the La (and Ce) daughter from the separated Ba was
done during counting.

An excess of Te+*+ was added to the Ba solution and this made alkaline
with NaOH. The alkaline solution containing the Fe(0H)3 suspension was then
placed in a vesael having a coarae aintered glasa disk at the bottom, and the
aolution passed through the counting pipette. It was then pumped back into
the Fe(OH)* suspension by means of an air pump which also served to keep part
of the Fe(0H)3 atirred up. The rate of flow of the aolution was maintained at
3-5 al/min, the volume of the counting cell being 1/2 ml.

In order to test the efficiency of separation, testa were made using both
freshly precipitated and aged Fe(0H)3 in alkaline solutiona. In all cases,
the retention of lanthanum was greater than 99-9%>

In the actual counting cycle, a series of decay absorption curves was
made, absorbers being changed as repidly as possible to delineate the steep
portion of the curves as well as possible. The duration of an average decay
absorption curve was of the order of twelve hours, A curve of 20-24 hours
duration would have been desirable, but for obvious reasona the runs were not
carried out that far. It had been hoped originally that the automatic ab-
absorption counter described in earlier reports would be available. However,
mechanical and electrical imperfections have kept it from being of any use.

Treatment of Data

The data obtained consist of several sets of decay curves through various
absorber thicknesses. In a single run it was passible to obtain only three or
four complete curves together with the beginning and end portions of a few
others. Thus far, we have interpreted only the complete curves, that is,
those in which the data extend from one hour after irradiation to about 12
hours. Since the ratio of 18 min. to 85 min. Ba activities depends critically
on the timing of the initial chemical steps, and therefore vane* from run to
run, it did not seem proper to piece together partial curves from different runs.

Each decay curve was analyzed graphically into three components, 12.8 d
Ba140, 85 min. Ba139, and the remaining shorter lived activity believed to
arise from 18 min.. Ba141^ In favorable cases this analysis was reasonably
straightforward and satisfactory; in others because of dearth of data it was
less so The greatest uncertainty lies in the evaluation of the long lived
component. This had, however, little effect in the final estimation of the
short lived component.,

The resultant short lived component showed half-lives ranging from 17 to
21 minutesj this variation seemed greater than that due to random error, and
its significance is not clear.

The absorption behavior of the 18 min. Ba wa3 obtained by plotting the
value of the short lived component against absorber thickness., Since data
from two runs are represented, a normalization was made by means of two
absorber thicknesses common to both (544 and 615 mg), the two normalization
factors being in reasonable agreement with each otherc
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Figure 1 shows a typical decay curve and its analysis into components.
Figure 2 shows the resulting absorption curve for the 18 min. component.
It is evident that the data does not define the absorption function with
precision and the results herein quoted must be considered preliminary.

For evaluation of the range of the Ba141 {J ray, a modified Feather
analysis of the absorption curve was carried out, based on an absorption
curve of the Ba139 6 ray as comparison standard, rather than the usual

RaE. This curve was taken in the same counting apparatus as the remainder
of the work on a sample of pile-activated Ba(N^) ^ soiution» Figure 3
shows the absorption curve* The Ba139 range in Al was taken as .1130 mg/cm ,
corresponding to 2.3 Mev. 'bsorption in the cell, counter wi V /, etc. was
estimated as 104 mg. The Feather analysis shown in Figure 2 inset is based
on data in excess of this 104 mg/cm2. The indicated range is then 1290 ♦ 104,
• 1394 mg/cm2, corresponding to a maximum energy of 2t.8 Hev0

In Figure 3 there is also plotted the normalized absorption of the 85
min. component obtained b„ analysis of the decay of the fission Ba. This
curve shows a several-fold larger y-component than the ( n, y) activity,
and a somewhat harder p-spectrum, the significance of which is not clear*

Discussion

Although the combination of HCl-ether precipitations and Fe(0H)3
scavenging used is the basis for the usual radiochemical analysis for
radio-barium in long-lived fission activity, it is not known that it
gives sufficient decontamination from all short-lived fission products.
Some chemical tests of this question are indicateds
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Solid Chemistry of Ruthenium - (M. D. Silverman, Ho A* Levy)

The Crystal Structure of KRuQ4

Introduction; Previous work*1', using Debye-Scherrer powder patterns,
revealed that KRUO4 possessed a tetragonal structure and was isomorphous with
scheelite (CaWO^), KIOa^ EReO^ and other cryatale of this type. Either of
two apace groups, Cgn-*I4l/a or Cg-lt^,requires the following abaences and
these are confirmed by the experimental data: hk£ when h + k + X is odd,
corresponding to a body-centered lattice; 00£ when !L> ia not a multiple of
4o The former space group also requires one more set of absences, i.e., hkO
when h or k is odd. There are four molecules of KRUO4 present in the unit cell
•. ith K and Ru occupying the 4-fold special positions a and b'2)* The sixteen
<~xygen atoms are placed in the g eneral positions (f)c The two t*ts of 8-fold
positions c, d, or e are ruled out because they do not lead to n chemically
plausible structure and do not fit the experimental data.

Experimental Procedure; Single crystals vrere mounted on glass fibers and
oriented properly by means of oscillation photographs. This procedure consisted
of taking two 10-15° range oscillation pictures with the crystal in two positions
I8O0 apart0 By making one exposure longer than the othert it was possible to
tell how the crystal was tipped from its axes. Adjustments were made by means
of the goniometer head rocker arms until the crystal was lined up so that it
rotated about the c or a axis.

Two series of photographs were obtained0 The first series was made with
rotation about the c axis of the crystal. Complete 36O0 rotation pictures were
taken and then Weissenberg (moving camera) photographs were made of the equatorial)
1st, 2nd, and 8th layer lines,. Since the crystal was rotated about the c axis,
these consist of the hkO, hkl, hk2 and hk8 reflections, respectivelyt A second
series was obtained by mounting and orienting another crystal so that rotation
took place about the a axis. Complete rotation photographs were taken as well as
Weissenberg pictures of the equatorial and 1st layer line0 This gives all the
hOZ and hUt, reflections, respectively. Three films were placed front to back
in the camera for all these photographs (except orientation) to aid in the
estimation of intensitiess

Results and Calculations: Absolute structuredfactors were calculated for
the hkO reflections for a series of models, using assumed parameterso The
initial model calculated was based on the parameters for potassium osmiamate,
KOsOjNjO) which is isomorphous with potassium perruthenate and possesses
lattice constants quite close to those of the perruthenate. None of the calcu
lated early models fitted the experimental data well; hence, maps of a number
of the planes were plotted to ascertain the effect of changing the x and y
parameters for these hkO reflectlons0 The observed intensities were converted
to absolute structure factors and these were compared with calculated values
obtained by noting the forbidden areas on the maps of the reflecting planes»
It was then possible to estimate the x and y parameters fairly wello These can
vary between x - 0„37 - O.38 and y • 0.238 - 0o2400

\
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Employing the values of x - 0„38 and y • 0,238, absolute structure factors
were then calculated for the hO£- reflections» Again* maps of the various planes
were plotted, this tine to estimate the a parameter. Although the most likely
value of z appears to be about 0.79* there are several distinct discrepancies
between the calculated structure factors and those obtained from observed inten
sities. These are for the 105, 107> 305 and 307 planes. These discrepancies
may be due to either of two things or a combination of bothu): The atomic
scattering factors used for Bu may well be too large, so that the effect of the
oxygen ..atoms is not as large as it should be In the calculation of the structure
factored, or errors were made in estimating the observed intensities due to
having an undesirably large and irregular crystal for the h0£ reflections. It
was noted that the reflections obtained on the photographs taken about the c
Fen* were sharper and were not split, whereas those obtained for tta nOd series
were split on a number of reflections., The results indicate that vhe data from
the hkO photographs are better than those from the w£ reflecticas.

Program: Further efforts to refine the parameter values are underway. The
better crystal has been remounted so that it can be rotated about the a axisa and
a series of photographs of the h0j£ reflections will be retaken to obtain better
dataa

(1) 0RNL-65
(2) "Internationale Tabellen zur Bestimmung" von Kristallstructuren"s Gebruder

Borntraeger, Berlin, 1935•
(3) Jaeger, F* M. and Zanstra, J, E. Proc Acad, Sci„ Amsterdam ££, 610 (1932).
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Effect of heavy particle radiation on water and aqueous solutions -(A« 0. Allen,
J„ W. Boyle, J. A, Ghorraley, CJ, Hochanadel, DM. Richardson) P.A, CX5-20

Calorimetris measurements of energy imparted to various materials by
radiation in Hole 12 of the pile have been completed, and the results
analyzed in terms of the contributions to the total energy of fast neutron
collisions, y-ray absorption and radioactivation of the materials (if any).
The complete report of this work is being prepared and will be issued as
0RHL-129..

Data obtained over the past two years on the decomposition of water and
aqueous solutions in the pile, and the kinetics of the back reaction between
dissolved hydrogen and hydrogen peroxide under pile radiation have been
assembled and analyzed* A report on this subject is being prepared and has
been assigned the number 0RNL-130c

The work on the decomposition of tritium water under its own radiation
has also been written up as report 0RNL-12S,,

The work on decomposition of concentrated H^SOi and solutions of UO^
under pile radiation is also being written up as an OHNL report*

•

Work was begun on determining the rate at which the combination of
hydrogen and oxygen to water occurs at high temperatures when catalyzed by
an aqueous slurry of U^Ogo D„ M. Gilliessin report MDDC-647j has shown
that the l^Og in such a slurry is reduced rather rapidly by gaseous hydrogen
at 250° C or above$ and is also oxidized rather rapidly by gaseous oxygen at
the same temperature„ It would seem that if both gases are presents, the
reduction and oxidation should occur simultaneously, so that the slurry
should act as a catalyst for the reaction of the gases. This may indicate
a possibility for operating a homogeneous slurry pile without the trouble
due to formation of gas bubbles, provided the U-jOg is a sufficiently active
catalyst to recombine the product gases as fast as they are produced by the
action of fission fragments and other radiations on the water moderator. The
question is whether the U30g is a sufficiently active catalyst, and if so,
whether its activity will be retained over long periods, It appears possible
from Gillies' work that a gradual drift of the composition of the oxide toward
UO3 will occur, with resultant recrystallization of the oxide particles and
loss of catalytic activity. These points are to be determined experimentally
by placing a mixture of hydrogen and oxygen gases over a IkOg slurry in a
rocking autoclave maintained at temperatures of 250° C or over,. Available
pressure vessels are designed to withstand 10s000 pounds pressure, but it is
planned to keen the total pressures below 2,000 pounds. Apparatus is almost
completely set up0 All operations will be conducted behind a 21 sand bag
barrier for safetyP If the results of the experiments are not promising9
the problem should be dropped; but if the results do appear promisingt
experiments should be run in the pile to see whether a slurry of enriched
U-aOg in water exposed to pile neutrons at a high tamperature will actually
evolve gasa
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The System Uranyl Sulfate - Water and the Behavior of Aqueous Solutions of
Electrolytes at the Critical Temperature - (C H= Socoy)

I. Solubility of uranyl sulfate in water above 250° C. In previous
reports soltrttflity data Tor uranyl sulfate In water have been ?iven up to
250° C, These data have now been extended to the critical temperature of
water, 374-4° C

Experimental •• The teclwique employed was to heat solutions of known
initial concentration in sealed silica tubes recording the temperature at
which the appearance or disappearance of a phase occurred. The tubes had a
2 am. bore and 4 •'am. wall thickness and were approximately 12 cm long. The
technique of filling the tubes, degassing the solution, evacuai.;/ig and sealing
the tubes has been described elsewhere (CNL-18)

A stainless steel cylinder* 3" in diameter and 13" long;, wound with
a heating coil over its entire length, was used as a heating block. The
silica tube rested at the center of the block and could be viewed through
narrow slots in opposite sides of the block with the aid of a light source
placed behind the apparatus. The entire assembly was clamped in a horizontal,
position in a rocker mechanism which oscillated through a vertical arc of
about 30° causing the liquid contents to flow back and forth in the silica
tube In the two liquid phase region free flow was always obtained at tempera
tures well below those at which phase changes were observed. An explosion
shield with Plexiglass windows could be attached to the rocker*

Temperature was measured by means of an iron«constantaa thermocouple
using a Type K-2, Leeds and Northrup potentiometer. The hot function of
the thermocouple rested on top of the silica tube at its midpoints Since a
finite temperature difference between the contents of the tube and the outside
of the tube would be expected} the thermocouple was calibrated against the
critical change of carefully purified acetic acid (321,6°), propionic acid
(339.5°)v chlorobenzene (359°), water (374.4°)* and bromobenzene (397°).

Correction for Weight of Hater in the Vapor Phase; The maximum
volume of vapor above the solution was about 0.22 cc while the volume of
solution used varied from about 0.10 to 0t20 cc6 At high temper-..tures the
loss of water to the vapor phase would materially change the composition of
the liquid and a correction in compositions is necessary, The vapor pressure

of the saturated solution was measured, using an isotensiscope method, at
several temperatures from 25° to 70° C. Two bulbs, one containing water and
the other saturated uranyl sulfate solution over an excess of salt crystals,,
were attached to the arms of a small U-tube differential manometer. The
whole apparatus was agitated in a constant temperature bath and the difference
in mercury levels in the U-tube> with appropriate zero-point corrections*,
gave the vapor pressure lowering due to the solute. The data are given in
Table I„ No other vapor pressure data are available..
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T W. I

Vapor Pressure of Saturated Uranyl Sulfate Solutions

Mole Frac P, observed van't Hoff

tion mn. of factor

T,°C. N2 Hk i

25 0,0688 4,60 2.814
30 .0694 S.82 2.635
35 .0700 7.41 2.510
40 ,0708 9.56 2.441
50 .0724 15.6 2 329
60 0744 24 o9 2.240

70 ,0765 39 4 2,204

In order to make an extrapolation to 181°, (the transition temperature
trihydrate-monohydrate) the van't Hoff factor, 1, was calculated and plotted
against temperature (see Figure I). The values of i fall rapidly vdth in-
creasing temperature and seem to approach the ideal value, 2, Such an extrapo
lation is undoubtedly questionable but in view of the fact that the resulting
correction in the concentration of the solution up to 181° is less than the
probable experimental errors it seems justified as a first approximation.

An examination of the phase diagram (see Figure II) indicates a triple-
point at B, 374° f at which the three phases in equilibrium would be solid
raonohydrate, a liquid phase consisting of salt saturated with vater, and
another liquid phase consisting of water saturated with salt Furthermore%
the aqueous liquid phase was found invariably to undergo critical transform
mation at 374°* the critical temperature of pure water, provided that the
volume of aqueous liquid bore the proper ratio to the volume of the vaporo
This means that the aqueous liquid phase must be essentially pure water at the
critical temperature. The partial pressure of water vapor at this temperature
is, therefore, that of pure water. If the gas phase is assumed to contain
only water vapor, the vapor pressure of the monohydrate saturated solution
must also be equal to that of pure water since the two phases are in equilibrium.
Thus., having established a value for the vapor pressure of the saturated solution
at 181° and at 374°, one can draw a typical vapor pressure curve between these
points as representing the vapor pressure of the monohydrate saturated solution.

In the two-liquid phase region, three phases are present and the system is
monovariant. The temperature, therefore, fixes not only the composition of each
phase but also the vapor pressure of the system. The lower critical solution
temperature is 294° and the concentration about 30% UO2SO1, Assuming that the
deviation from Raoult's law is independent of concentration, one can calculate
the pressure of the 30$ solution from the estimated value for the monohydrate
saturated solution at this temperatures Again the pressure must rise with in
creasing temperature and reach that of water at 374 o

This iss at first sights a crude approximation. However, the resultant
corrections in the concentration of the solutions are most significant in the



5Q

high temperature and high concentration region, i.e., in the vicinity of
point B (Figure 11)> This is the region where the approximated vapor
pressures are most nearly correct and at the point B must be precisely
correct. Error in the approximations could only result in shifting the
curves slightly in this region and would not alter the fundamental nature
of the phase diagram*

Discussion; The data are summarized in Table II in which the initial
or overall composition of the contents of the tube as obtained by chemical
analysis is given in the first column. The second column gives the compo
sition of the liquid phase at the temperature of phase separation These
values were calculated from the initial composition and the vapor pressure
of the solution estimated as described above.

In the two liquid phase region the equilibrium could be approached from
either direction and the temperatures established with precision. These
temperatures are believed to be correct to the nearest tenth of a degree,, How
ever, for the points on the solid phase solubility curve, equilibrium was reached
much more slowly. Free flow of the solution was not obtained and the stirring
was negligible* These points were approached with the temperature falling at
a very slow rate (usually about Ux> hours for the final degree) and the approach
was repeated several times at even slower rates. The values reported are
believed correct to the nearest degree.

At temperatures above 374° the system becomes one in which a gas is
dissolved in a solid under pressure. The melting point of the solid is lowered
by the presence of the dissolved gas so that a liquid state is possible. A
univariant system can exists the phases being solid salt, liquid salt saturated
with gas, and gas. However, such a system would be very pressure dependent and
the techniques employed in this work are not adequate to study the system in
this range.

The point B has the character of a triple-point. At lower temperatures we
may have equilibrium between the two liquid phases at concentrations less than
that at B, or equilibrium between the salt liquid phase and solid monohydrate at
concentrations greater than that at B0 At higher temperatures we have only the
equilibrium between the aqueous gas phase and solid monohydrate. Although this
point was not realized experimentally, the data indicate that it occurs at the
critical temperature of water. If this is true* it must be by virtue of the
fact that the vapor pressure of the monohydrate saturated solution becomes equal
to the critical pressure of water at this temperature*

Summary: The system uranyl sulfate - water displays a two liquid phase
region with concentrations up to 82.7* UOoSO^ The lower critical solution
temperature is 294° and the critical concentration is 30% UOgSO;^ The aqueous
phase undergoes critical transformation at the critical temperature of pure water
indicating that it is pure water at this temperature.,

The solubility curve of solid U02S0^°H^0 is followed to its intersection with
the two liquid phase region* This intersection has the character of a triple-point
and occurs at 374<,40 and a concentration of 82.7^ UOjjSO^o
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TABLE II

Solubility of Uranyl Sulfate in Water

Ttio^
Initial

SU02S04
Corrected

Tempera
ture

0 C.

Phase Appearing
or

Disappearing

Critical Temp,
of

Aqueous Phase

0.77 lol 335.1 Liquid Salt

3^15 3.6 319.4 « K

5o86 6.8 310.1 •f H

12.30 13<8 299.9 n n 374.3

20.40 22.5 295.8 11 n

31o65 34.6 295.5 Aqueous 374.0

40.72 44.2 297*5 B 374.2

48.06 52.2 302.3
n 374.2

55o45 60.1 308.2 n

58064 63<>7 312.5 a 374o4

60.60 65o9 316.2 a

62.32 68.0 320.5 N

67*43 75,2 339.6 n

71.00 80.8 363.0 n

72,60 81.7 365, Solid Monohydrate

72.85 80.2 347o " n

73^49 77.8 311. n a

73.94 76.7 287. n n
1

76.02 76.3 181. it n

76066 76.7 152. n h

i

(metastable) 1



UNCLASSIFIED

180

140

UJ
ce.

or
UJ
a.

2E
UJ

2.0 2.2

62

2.4 2.6

VAN'T HOFF FACTOR, i

FIG. I

VARIATION OF THE VAN'T HOFF
FACTOR WITH TEMPERATURE

3.0



US ;LASSIFIED
400^

63
Drawing # *?16

PERCENT U02S04

FIG. n *

PHASE DIAGRAM FOR SYSTEM URANYL SULPHATE-WATER

100



64

II. Behavior of Aqueous Solutions of Electrolytes at the Critical
Temperature, The behavior of the uranyl sulfate system at the critical
temperature gives rise to questions concerning the behavior of solutions
of electrolytes in general. Although no extended study of such systems
has been made, there is considerable qualitative and semiquantitative
information in the literature. Several types of phenomena may occur either
below or above the critical state. Irreversible chemical change involving
reactions of decomposition or hydrolysis may take place. Irreversible pre
cipitation of oxides, hydroxides, hydrated oxides and oxy-salts have been
reported in certain cases. In cases where no evidence of chemical change
is noted, the formation of a solid or liquid phase may occur either below
or above the critical phenomena. Finally, the solute may remain in
solution and the solution undergo a critical phenomena similar in all
respects to that of the pure solvent. The critical temperature of the
solution is, in all Imam cases, higher than the critical temperature of the
pure solvent; however, no adequate theoretical relationship between the
elevation of the critical temperature and the concentration of the solution
is known. Table III briefly summarizes the observations that have been re=
ported in the literature as well as those made in this laboratory. 3n most
cases only one or two concentrations have been observed and the phase re
lationships are far from complete. The table merely indicates the type
of phenomena that might be expected for the salts listed.

TABLE III *

I. Salts whose aqueous solutions are stable and show no phase separation.
Critical temperature is elevated.

HaCl, KC1, KBr, EI, RbCl, KNO3, CaCl2

II, Salts whoseaqueous solutions are stable and show phase separation.

A. Critical temperature is not elevated:

NaoSOi; solid phase
fcjSO^s solid phase
MgSO/.; solid phase
CO2SO4; liquid phase

Bo Critical temperature ia elevateds

BaClo.; liquid phase first, then solid
RboSO^; liquid phase
CuSO^j solid phase
SrCig; liquid phase

III. Salts whose aqueous solutions show irreversible or very slowly reversible
chemi'ral change^

CuCl2, C0CI3, ^°2^°3^2» U02d2

The alkali halides, which display high solubility in the fluid state above
the critical temperature, stimulate conjecture concerning the character of such
solutions. Preliminary work with absorption spectra is underway fey which it is
hoped some information about the molecular state can be obtainedc Neodymiua
chloride has been selected for initial study since it yields exceptionally sharp
absorption bands in the visible and ultraviolet,. The work has not progressed far
enough to give any indication as to whether or not revealing information will be
obtained.
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Spectra of the Heavy Elements and-Rare Earths in Crystals and Solutions -
S. Freed, F. J. Leitz, Jru)

Further study has been made of the preparation of solutions fluid at
77° K for absorption spectral observation. These solutions are composed
of heavy element or rare earth compounds as solutes and a solvent consist-
ing of a hydrocarbon mixture to give the required low melting point and
an additive such as alcohol to give appreciable solubility of the solute.
Such solutions must be prepared at reduced temperatures and in the absence
of water, Accordingly, the preparation is conducted in a Dewar flask
attached to a high vacuum line.

In the upper part of the Dewar, D, is situated a mixing chamber, E,
which can be cooled with a jet of liquid nitrogen - cooled gaseous nitrogen
and into which the organic constituents of the solution may be distilled
in the absence of any foreign gas. For spectral observation these solutions
are then transferred in the Dewar through a capillary tube, B, to a capillary
optical absorption column, A, which is coaxial with the Dewar.

In the absorption spectra experimentation the optical path through the
Dewar is defined by the capillary colvann A A-l, 2, 3* and 4 are flat Corex
windows. Corex gives greater transparency than pyrex glass in the ultra
violet, and four windows being required since a pair of windows separated
by a vacuum is needed at each end of the column to prevent frosting at low
temperaturesc Windows A=2 and 3 are inset in the column to minimize the
likelihood of trapping a bubble on their faces which would interfere with
the optical path through the solutions.

The Dewar with its mixing chamber and capillary side-room, C, is
connected to the high vacuum system through the ground joints attached to
the control stopcocks G-l, 2 and 3. Flexibility of these three joints is
achieved by means of 3 mm., glass helices on the vacuum line.

A typical solution recently investigated consisted of 1-2 mg of uranyl
ssetylacetonate in a solvent comprised of<r~* l/2 ml butyl alcohol,*-..* 4 ml

icopentane, and ^ S ml propyl«net The 2:1 ratio of propylene to iso-
p«T.;.ane gave a less viscous solution at 77° K than the 1:1 mixture formerly
used.

Distillation of the butyl alcohol and then the iso-pentane into the
uranyl salt previously added to the mixing chamber proceeds smoothly with
the chamber at -20 to -90° C Distillation of the propylene from a gas
cylinder to the mixing chamber is sufficiently rapid and smooth at or below
-90° C than at any appreciably higher temperature The resulting solution
had a low viscosity and could be readily transferred to the capillary
column by cooling the latter to a temperature lower than that ofthe mixing
chamber. This transfer was prevented during the preparation of the solution
by electrical heating of the capillary columns,

This mode of solution preparation was found rather satisfactory, but
unfortunately the spectrum of this particular solution was not very informative,
After a matter of hours a flocculent precipitate appeared in the capillary
column and this may have been partially responsible for the unsatisfactory
spectral -results. This type of investigation will be repeated and next be
applied to solutions of rare earth acetyl acetonates.
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Cloud Chamber Studies - PP A. CX4-1 (Bo Livingston)

The recent major problems In the cloud chamber work have been photo
graphy, the bad effects of the neutron beam on track quality and the diffi
culty in getting sharp tracks after prolonged running*

The photographic problem has been reasonably well solved. A number of
casnereial photographic emulsions were tried. Eastman's Liaagraph Ortho was
found far superior to the Super XX that has been in uss. It has considerably
more contrast and is faster than Super XX. It's resolution is also good.
The new method of lighting described in the last quarterly report has been
put into use„ In this method light is scattered through 70° rather than 90°
in order to get from the track droplets to the camera„ The smaller angle
scattering gives a substantial increase in track brilliance and h<mce contrasts
Adequate illumination intensity is provided by two new stroboscopic lights
with improved optics described in Rev. Scie, Instr, 1£, 271 (1948)* Suitabls
exposures have been made at fl6 on Linagraph-Ortho film* In recent work the
contrast has decreased which probably means that the platinum black back
ground in the chamber needs replacement <.

The effects of the neutron beam on the cloud chamber operation have been
greatly reduced. The effect was largely caused by the neutrons in the beam
rather than the gammas alone<, Apparently, the neutrons were striking the walls
of the chamber and producing a large number of gammas in the chamber by n-y
processes- A series of pictures of the beam were taken on X-ray film backed
with an indium foil. It was found necessary to raise the cloud chamber l/4M
and to place a beam collimating slit between the pile wall and chamber* A
1 1/2" thick bismuth plug was also placed at the beginning of the graphite
stringer in the pile shield* Upon making these changes the bad beam effects
practically disappeared* Two to four fissions still appear per chamber expansion,

Continual operation of the cloud chamber for several hours usually results
in the tracks becoming very broad and diffuse,, The effect was first attri
buted to convection currents due to large thermal gradients. All electrical
equipment that produced much heat was moved away from the chamber, but no improve
ment was noted. The effect was finally found to be caused by the sweep field
electrode« This electrode is a grid of nickel wires against the top plastic
window of the chamber, The plastic, fluorothene, is a very good insulator0 The
chamber filling mixture is also a good insulator. Apparently, ions collect on
the plastic between the sweep electrode wires, When the sweep voltage is
interrupted, an electrostatic field continues to appear in the chamber due to
the collected ions* To eliminate the effect one method tried was to reverse the
polarity on the sweep electrode between successive expansions,, The result was
not satisfactory* The method to be tried next will be to decrease the high
insulating property of the plastic window by an extremely thin evaporated metal
film. The difficulty with this method is the danger of complete fluorination of
the metal by the cloud chamber filling mixturec
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Calorimetry of Radioactivity - (0, H, Jenka, F. H, Sweeten, J. A. Ghormley)

I. Study of Half-life and Average Energy of Tritium Disintegration

A sample of tritium gas diluted with normal hydrogen has been analyzed
for tritium content with the gas density balance, and condensed on palladium
in an ampoule suitable for use in the B-calorimeter. Following celcrimetric
measurements on the tritium, condensed on palladium, it was quantitatively con
verted to water and transferred to a quartz ampoule. In this form the heat
evolution of the sample was again measured.

A determination of the rate of Ke^ evolution from the saap'.e is now being
carried out. Using the results of these measurements, it will be possible to
calculate accurate values for the half-life and average energy of the decay.

Analysis of sample for tritium content - The gas density balance and the
associated gas controlling system, which were designed and constructed for
use with the tritium sample3 have been discussed briefly in a previous quar
terly report and will be described fully in a report now in preparation„

The general procedure followed in determining the relative proportions
of tritium and normal hydrogen in the sample was to compare the pressure of
the tritium sample necessary to balance the arm of the gas density balance
with the pressure of normal hydrogen necessary to balance it. In practice,
repeated observations were made of these quantities, alternating a measurement
of the tritium sample with a measurement of a sample of normal hydrogen. Be
tween determinations, the tritium sample was repurified by repassing through
palladium. The following table shows the balancing pressures determined for
the various samples.

Time Gas

Pressure (mm Hg)
Date Hydrogen Tritium

6/15 7:54 PM H2,freshly filtered 307.33
6/16 7:56 AM H2, same 307.O3
6/17 9:19 AH ifo, freshly filtered

H2> same
306,6«
306.7510:10 AM

2:15 PM Tritium, filtered 154o26
5:08 PM Bo* freshly filtered

Tritium, refiltered
307.li

6:02 PM 154087
I55.LJ
155.5g

6/18 3:56 PM h H

6:30 PM n n

7:34 PM * , same 155o45
9:03 PM •» , refiltered 155.66

10:57 PM a n 155=7i
6A9 2:00 AM H2, freshly filtered 306.78

Best values 306.8 155*7

7ery good reproducibility was obtained with normal hydrogen, but a slight
increase in the balancing pressure of tritium occurred with repeated filtering
through palladium. This increase was easily shown to be due to an increase in
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foreign gases in the apparatus when in contact with tritium. The foreign
gases were removed when the gas was refiltered through palladium. The
amount of foreign gases arising in this manner became steadily smaller and
reached a negligibly small amount during the last two measurements on tritium.

Following the final measurement of the density of the tritium gas, the
volume of the sample was measured and the gas then condensed on palladium
contained in a pyrex ampoule.

The possibility existed that the quartz bulb of the gas dencity balance
. itered in dimensions when different balancing pressures were applied. Calcu~
laticns, using the elastic modulus of quartz, indicated that a ssigaificant
change in the buoyancy of the bulb might occur in changing from a pressure
of 300 nm to 150 mm.

To establish the magnitude of the effect experimentally, a-comparison of
the balancing pressure of normal hydrogen and helium was made. The density
of helium is appropriately the same as that found for the hydrogen-tritium
mixture and the comparison should therefore give an accurate measure of any
necessary correction.

The helium used for the comparison was obtained from a tank supply. Its
density, determined directly by weighing in a 5-liter flask, was found to be
0.1789 g./l., O.256 greater than the literature value for helium density.
Balancing pressures obtained for this helium and for normal hydrogen are
shown belowo

Time Gas Pressure (mm Hg)
Hydrogen Helium

11:18 AM H2 - freshly filtered 299*1

3:52 PM He - from bulb 152.0

4:59 PM H2 - same 300.05

5:58 PM He = from bulb 152,4

6:39 PM H2 - same 300.3

7:03 PM He - from bulb 152e5

Best values 300.3 152.5

The density of helium as measured by the gas density balance, was then
0ol771, 1.0# less than the density measured directly by weighing. The
correct balancing pressure for the tritium-hydrogen mixture was therefore
1.Q5G less than that observed directly.

The results of the measurement of the amount of tritium in the sample
are summarized as follows:

Fraction of tritium in sample 0«4970
Volume of sample 5*173 »1 STP
Volume of tritium in sample 2,571 ml STP

Estimated error in value

for volume of tritium + l°k%
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Heat evolved from tritium sample - The heat evolved from the sample of t
tritium adsorbed on palladium was measured using the B-calorimeter. The data
are shorn below:

Run No.

1

2

3

Calibration

Watt Input

2.200 x 10-4
2 200 x 10"^
2.200 xl0-4

Rate'""
(arbitrary units)

1.182

lol77
1.166

av. 1.175 t 0.3*
av. error

Run No.

1

2

3

4

••—<ll I WW I II • 11 III — •• i » • — i i•

Tritium
Rate

(arbitrary unite)

1.191
1.169
1 168

1,191

avc l.VO ♦ 0. 5#
av. iiror

Energy of tritium sample: 20214 x 30"4 watts t. 0.6*
probable error

A value of 5.68k»v. for the average energy per disintegration has been
reported by this group. The preliminary value computed for the half-life of
tritium is then 12,5 years.

Following the above measurement, the sample of tritium was converted quanti^
tatively to water and collected in a small quartz ampoule suitable for use in
measuring the disintegration rate of the sampleo

Several calorimetric measurements of the heat evolution from the sample of
tritium water were raadcc The results of the aeasureraents were dependent to some
extent on the time, prior to the measurement, that the sample had been at liquid
nitrogen temperature. In general, the heat evolved showed an increase during
the run, starting out with an energy less than that obtained from the same
volume of tritium adsorbed on palladium and increasing to some apparently con
stant value. For three measurements the final value was equal to* or a fraction
of a percent less than, that of the tritium on palladium. For two of these runs
the sample had been at room temperature for several hours before freezing in the
calorimeter. In the third case, the sample was at liquid nitrogen temperature
6/t hours before assembling in the calorimeter„

For the three other jfuns which were made, the sample had been frozen at
-195° C.varying lengths of time, in one case 150 hours, before the calorimetric
determination was made, For each of these cases, the final heat evaluation was
about 2.5% higher than the tritium-on-palladium value. None of these runs was
carried out for as long a time as the former three, and it is possible that
these values would have changed further with time.

The variations of the results with the tritium water sample were con
siderably greater than the experimental error of the calorimeter. There is
good indication that when the sample was freshly frozen a fraction of the decay
energy did not appear in the form of heat. Is is reasonable that some energy
would be stored in the ice as trapped electrons and as chemical energy. That
storage of energy does occur is indicated by the observation that gas resulting
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from decomposition appears on melting tritium water which has been held at
•196° C. In one sample in which 15$ of the hydrogen was tritium, the yield
of electrolytic gas after 6,5 hrs» at -196° C, accounted for 0.5% of the
total decay energy, Since some recombination of intermediate products
probably occurred on melting, this would be only a lower limit for the
fraction of the decay energy which would not appear as heat in the calori
meter measurements. No explanation has bean found for the cases In which
the heat evolution was greater than that of the tritium on palladium.

Calorimetric measurements on the sample have been suspended so that a
disintegration rate determination may be made.

II. Attend to Measure the Enerflv 9* » g**FU »f. fi14

In connection with a program, initiated by this laboratory, to standardize
the relative and absolute counting of CH, we agreed to attempt to measure the
energy of the sample from which the counting standards would be made. The sample
available consisted of about 100 nj c of 0"* In the form of BaCO*. Approximately
2% of the carbon in the sample was Cl49 so that the total sample had a volume of
about 20 ml. As the calorimeter was desigaed to hold about Ice, samples, a
modification was required.

Proceduret A stainless steel ampoule, 25 m m. in diameter and 50 m m. in
length, was designed to contain the C*k In the calorimeter, and a modification
of the calorimeter Dewar large enough to hold the steel ampoule was constructed.
The heat capacity of the modified calorimeter waa thus about five times greater
than that of the original calorimeter, and the diameter of the neck of the Dewar,
which is the main factor in determining the heat leak, was larger by the same
amount.

Calibration runs with the calorimeter proved it to have a background larger
by about a factor of five than was found with the smaller calorimeter. For the
small amount of heat which would be evolved from the C*4 sample (*^*3 x 10-5 watts) ,
this background heat leak would be slightly larger than that of the samples.. Under
these conditions, an accurate determination of the energy of the sample would be
very difficult,if not impossible, and we have abandoned attempts to study it.
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Analytical Chemistry

Polarographlc and Electrolytic Studies (L. B. Rogers, J. C. Griess,
D. P* Krause, H. H. Miller)

All phases of this work have been completed end the results
have been included in the following project reports:

0BBL-61

0RHL-91

OBBL-99

- "Pentavalent Manganese", H. H. Miller and
L. B« Rogers*

- "A Study of the Separation of a Trace of Silver
from a Macro Amount of Palladium by Electrolysis",
J. C. Griess end L. B. Rogers.

- "The Electrodeposition Behavior of a Simple Ion",
L. B. Rogers and A. F. Stehnsy.

ORRL-100 - "Comparison of Folarogre$hic Curves Obtained with a
Rotated Micro Electrode and a Stationary Electrode",,
H. H. Miller end L. B. Sogers.

QRHL-U7 - "An Instrument for Controlled-Potential Electrolysis",
R. V. Lamphere and L. B. Rogers.

ORHL-118 - "The Electrodeposition Behavior of a Trace of Silver".
L. B. Rogers. D. P. Krause, J. C Griess and
D. B. Ehrllnger.

ORHL-121 - "Electroseparation of Technetium from Rhenium and
Molybdenum". L. B« Rogers*
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Snectrophotometric Determination of Aluminum in the Presence of Iron Using
Perron - if. H. Davenport"*"

This Investigation has been completed and the report (0HHL-&3)
has been issued and is available.

Ammonium Thloglyeolate as a ColcTiastrlc Analytical B»«g»»t for Uranium In
the Presence of Various Anions - w. H. Davenport, P. F. Thomaaon

This method has Just been completed and the report la being submitted
for publication as a project report. Briefly, It has been found,that ammonium
tbioglycolate gives an Intense orange-yellow color with uranium*0 In a basic
solution. This color Is suitable for the speotrophotometrlc determination of
uranium In the presence of a number of anions that interfere with otter eolorl-
matric methods. Several cations, Fe, VI, Co, and Cr, Interfere, however organic
complexing reagents such as tartaric or citric acid may be used to minimize some
of these interferences.

Colorimetric ^termination of Selenium with Pyrolle - P. J. Miller, P. F. Thomason

Selenium in an acid solution containing ortho-phosphoric acid forms a
greenish-blue color with pyrolle. This baa been made the basis for the
colorimetric determination (l) of selenium. It was found necessary to develop
the color In an lee bath ae room temperature produced an unstable colored solution
which Intensified on standing.

Allquots of acid solutions containing 5 to 40 micrograms of selenium
are pipetted Into 25 ml* volumetric flasks. Ten ml. of o-phosphorlc acid are
added to the flasks which are cooled in an ice bath. The o- phosphoric acid Is
rinsed down with distilled water ano 0*5 nl. of 1$ solution of pyrolle in ethyl
alcohol la added. The solution Is made to volume with distilled water and
mixed thoroughly. The color Is allowed to develop five minutes In the ice bath
end then read immediately in a Coleman spectrophotometer at 445 mu. wavelength
versus a reference solution containing everything but selenium. The concentration
of selenium Is found from a standard calibration curve obtained from solutions
made by dissolving selenium metal In concentrated sulfuric acid.

As this method will be used for the relatively pure solutions obtained
by the radioisotope production group, interferences were not thoroughly
Investigated, however, It Is known silicic acid gives a similar reaction.

Itotcralnatlon of uranium in the Presence of Potassium Bichromate by the Thio-
cyanate Method - E. E* Hanigf P. F. Thomason~

The colorimetric determination of uranium with thloeyanate as given by
Currah and Beamish (2) has been used quite successfully with process solutions
containing thorium, iron* aluminum, and uranium., However, the proposed redox
process will require a rapid colorimetric nsthod for the determination of uranium
In the presence of 0.1 molar potassium dlchromate. Heretofore on a few Isolated
samples, the chromium was volatilized with perchloric and hydrochloric acids*
This procedure is not feasible for a routine method. Therefore an investigation

(1) R. Berg and M. Teltelbaum, Mikrochem*, Emlch, Festschr. 23-6, (1930)
(2) J. E. Currah and 7. B. Beamish, Anal. Cham., 19, 609 (1947).
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was mads to determine the amount of uranium that could be accurately found
by the thiocyanate method in the presence of 0.1 molar potassium dicbromate. It
was learned that 5 milligrams of uranium per ml. was the lower limit for an
accurate determination as this permitted a 100 >\ aliquot to be analyzed.
The slight blue color of this amount of chromium whan It was reduced by the
stannous chloride In the procedure did not absorb appreciably at the 390 mu.
wavelength. However, when the concentration ratio of chromium to uranium was
increased to 29*4 mg. of EgCS-gOr (0.1 molar) to 1 mg. of U per ml. the absorption
by the chromium resulted In a 10$ error*

As these solutions are also expected to contain 0.65 molar aluminum.
It was deolded to attempt to separate the uranium from the potassium dlchromate
by precipitating the aluminum and uranium with carbonate-free ammonium hydroxide.
It was found that as little as 400 micrograms of uranium jer ml. could be
determined by dissolving the centrifuged precipitate in HC1 and repeating the
preolpltatlon twice. The results obtained were within -3$ which la the experi
mental error of the straight thiocyanate procedure.

Analytical Apparatus Development - H. L. Hemphill, P. ?. Thomaaon

Lanroved Fusion Device - The plana for a modification of the fusion
device (C8L-23) used for the fluorlmstrlc uranium analysis have been eubmltted to
the engineering group. The modification should eliminate the frequent loss of
samples caused by the erratic movement of the etaini»as steel spider which holds
the fusion dishes In the burner flame• Threaded lavlte tips will be used to
fasten the platinum loops to the stainless steel spider. This should eliminate
the deterioration of the stainless steel spider caused by the Intense burner
heat.

Automatic Temperature Control for the Distillation of Silicon Tetrafluoride

The volumetric determination of fluorides (1) usually requires a separation from
other elements by the steam distillation of hydrofluc allloic acid which Is absorbed
In weak sodium hydroxide. The fluoride can then be titrated with a standard
thorium nitrate solution using sodium alizarin sulfonate as an indicator*

The flask containing the fluoride sample, concentrated EoSOl, and a
few glass beads must be kept at 135° C* for distillation. It is difficult to
rigidly control the temperature with either a gas burner or a hot plate, therefore
an aluminum jacket containing a nlehrome heating element that la thermostatically
controlled res made to fit the flask* This unit maintains the temperature to
135° C* *0.5° C. and facilitates the analyses of routine samples by the water
analysis group.

Colorimetric Determination of Tellurium with Thiourea - E. X* Hanig, P. F. Thomaaon

Tellurium reacts with thiourea (2) in an acid solution forming a yellow
color whose intensity la proportional to the amount of tellurium, hence suitable
for ita estimation. Croasley (3) recommended a turbldiastrlc method uaing

(1) B1. H. Ulliard end 0. B Winter, 2nd. and Eng. Cham. Anal. Sd*, 5, 7 (1933)*
(2) Pietro Falciola, Ann. Chim0 Applicata. 17* 359 (1927), A. A. 3580 (1927).
(3) P. B. Croasley, Analyst; 69, 206 (1944).
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stannous chloride to reduce the tellurium in tUe presence of thiourea. However
It baa been found that measuring the transmitsance of the yellow colored solutions
vlth a spectrophotometer is asore reliable for the- estimation of tellurium then
the turbidimetric procedure.

A sample containing 200 - 1000 micrograms of tellurium is pipetted
Into a 25 ml* volumetric flask and 5 ml. of 10$ thiourea aqueous solution are
added. The solution is made to volume with 4 IT BC1 and the transmittanoe
measured in a Beckoan spectrophotometer at 38O mu after allowing the solution
to stand 10 minutes for color development. The amount of tellurium Is obtained
from a calibration curve made in the aame manner using tellurium metal sliasolvsd
in BE03 as tine standard*
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The Decay Scheme of Zirconium and of Columbluar* - J* S. Rudgens, W. L. Lyon

A complete study of the decay scheme of these isotopes has been
completed and the preparation of reports of the data obtained are in
progress.

A Radiochemical Method for Plutonium - 7. L. Moore, J. E. Rudgens

A rapid quantitative method for the analysis of plutonium has
been developed and a report is being written. The method is based on a
solvent extraction of the plutonium and a good separation from the usual rtable
and radioactive sample constituents can be achieved.

A Colorimetric Method for the Determination of Zirconium - R. H. Powell,
J. E. Rudgens

The separation of a radioactive element from other radioactive
elemente in a sample la facilitated in the usual radiochemical procedure by
adding a known weight of an Inactive element leotoplc with the radioactive
element being sought. Precipitation type reactions can then be utilised to
separate the element from other radioactive elements in the solution. A
welghable form of the element is then prepared and weighed to enable the
quantity of the element which has bean lost In making the separations to be
determined. Since It Is usually necessary from the solubility and convenience
standpoints to precipitate several, milligrams of carrier In order that the
precipitate may be weighed on an ordinary analytical balance the corrections
for self scattering and for self absorption become appreciable* As a solution
to this problem we have in the case of zirconium sought a colorimetric method
of high sensitivity In order that the necessity of ashing a cupferron precipitate
of zirconium and of using more than 0.2 milligrams of zirconium may be
eliminated*

The moat widely used colorimetric method for the determination of
zirconium utilizes the color produced with alizarin* The method as described
by Liebhafaky and Wlnslow (l) is time-consuming, requires accurate pH adjustments
and the volumes of the solutions which are measured on the spectrophotometer
are larger than la desirable. In the Liebhafaky and Wlnslow method the alizarin
dye Is added end the color formed In a basic medium. The solution is then adjust
ed to neutrality, made acid (pH 0.8) prior to the dilution with etbanol and the
transmission determined on a Beckmsn spectrophotometer using a 5 centimeter cell
and a 9600 %wave length.

have been performed In which alizarin red S baa been
compared with alizarin as the color producing reagent. The lakes produced with
alizarin faded mora rapidly than did those formed with alizarin red S, however,
higher concentrations of zirconium can be determined with alizarin since the
transmittance curve obeyed Beer's Law over a slightly more extended range.

Studies of the rate of formation of the color have shown that intense
end stable lakes were formed by adjusting the hydrochloric acid concentration
of the zirconium solution to 6 M, diluting the volume to 0*5 milliliter and
adding 0.5 milliliter of an alcoholic solution of alizarin red 8* The solution

(1) Liebhafsky, H. A., and Wlnslow, S. R., J. Amer. Cham, Sec. 60 1776 (1938).
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thus formed was allowed to atand 12 minutes before diluting to volume with
ethanol. The pH of the ethanol waa adjusted to 2 pH units before using. The
transmlttanee of the colored solution was read on a Coleman Model 14 spectro
photometer twenty minutes after the dye had been added to the zirconium
solution. A I centimeter cell was used and the transmlttanee was meaaured at
56OO %through a PC-4 filter.

Standard curves have been determined by forming the color with
known quantities of zirconium. The slope of the curve thus obtained obeys
Beer's law over the region which corresponds to 25 to 100 micrograms of total
added zirconium, and an accuracy of *2# should be readily obtainable.

Further work on this problem will be directed toward the discovery
of methods of separating zirconium from the usual atable end radioactive sample
constituents.
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Diffraction and Microscopy

Electron and Optical Microscopy. Electron Diffraction
(ITT.Tfcwman, *. E. vHlmirthl

About three quarters of the time of this section
has been spent In work for K-25 which (at the request of
their security department) la not reported here. The
remainder of the time ham been spent on the following
problems:

U) Ion exchange reslna

In co-operation with 0. E. Boyd, the study of the
physical characteristics of a variety of Ion exchange
reslna has continued. It la possible that the data being
collected may aid In the Interpretation of the behaviour
of the different materials.

(2) Fibrous fractures In beryllium

Fibrous fractures In some recently manufactured
extruded beryllium have been examined for the Technical
Division to determine, If possible, the existence of, and
the nature of foreign material at the fracture surface.
The nature of these fractures la shown in Pig. 1, and It
can easily be seen that they have a very marked effect on
the mechanical properties of the metal.

The fracture surface has been examined by elec
tron diffraction both here and at K-25 (R. Sherman), but
only a few faint bands were found on occasional areas.
These bands are insufficient for identification, but it
can be concluded that the foreign material is amorphous
and doea not show crystal growth at 800°C, because the
beryllium Is extruded at approximately this temperature.
Also, it did not appear probable that very hard materials
such as beryllium oxide would behave as this material does
In the extrusion process. Prom thla type of reasoning
the presence of carbon was suggested as a possibility.
0. B. Boyd pointed out that this could be checked by deut-
eron bombardment in a cyclotron. At the request of the
Technical Division this has been done by E. Creutz (refer
to letter dated August 13, 1948 from E. Creutz to A. Wein
berg) and, although the results were not conclusive, he
suggests the possibility of calcium or magnesium fluoride.
Spectrum analysis of a fibrous fracture and a normal one
by C. Feldman showed slightly greater trace amounts of
aluminum, calcium and magnesium In the fibrous surfaces
as compared to the normal fracture surface. Neither
carbon nor fluoride could be found.
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If either calcium or magnesium fluoride were
present In a relatively pure state, they would recrys-
talllse at 800°C, and could easily be found by electron
diffraction. However, as M. Bredlg has pointed out, It
Is probable that a glass would be formed from a mixture
of fluorides and thla could melt at 800°C. It la easily
seen that foreign Inclusions of thla nature oould act in
the same way as the unknown material does in the extrusion
process.

(3) Corrosion fibers on beryllium

The corrosion fibers on beryllium metal speci
mens have been examined by electron diffraction for J. E.
Draley. Good patterns were obtained in all oases but
the materials could not be Identified since there are
very few recorded patterns of beryllium compounds. The
data are recorded In C.F. 48-7-1 and in C.F. 48-8-350.

Por technical reasons one of the patterns was
made by R. Sherman of K-25.

(4) Miscellaneous

About the normal amount of time has been spent
on photographic prints, record photographs of corrosion
specimens, lantern slides, etc.
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Fig. 1

Plate No. ME 205
Showing nature of fracture In extruded beryllium billet

Mag. IX

Plate No. ME 211 •
Transverse section showing radial cracks on billet of
extruded beryllium. It is along these cracks that
fractures take place during machining.

Mag. 6X Etchant 5£ HgSO*
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X-Rsv Diffrsctlon

(*. A. Bredlg)

1) Crystal Structures ojf Beryllium Oxide,

In the last report, two alternative interpretations of the x-ray
powder patterns of high-fired beryllia samples were discussed. It was
pointed out that a preliminary microscopic examination failed to reveal
sny optically isotropic phase. It thus did not bear out the first assumption
of a cubic beryllium oxide phase having sphalerite (zlnoblende) structure.

However, in view of the rather striking coincidence of some of the
x-ray lines with lines to be expected for a cubic zlncblende structure, it
seemed desirable to have the natter of optical anisotropy checked by an ex
pert netrographor. Dr. R. A. Hatch, of the Ilectrotechnical Laboratory of
the 0. S. Bureau of Fines at Norria, Tennessee, klndiy undertook a careful
microscopic-optical examination of a sample (XB~178) submitted to him by
the writer. It contsined, according to an estimate based on the x-ray
pattern, about 50% of the new beryllium oxide phase. The result of this
examination, confirming the previous microscopic finding, was that an
optically isotropic (cubic) phase could not be present in more than trace
amounts, far below 1%. Dr. Hatch's findings also confirmed the presence,
in amounts varying between 15 and 25* in his preparations, of an ootically
anisotropic phase different from hexagonal beryllium oxide. (The dis
crepancy with the 50* figure above is probably due to uncertainties in the
astir ate from x-ray diffraction patterns.) The refractive indices of tha
new phase were found as 1.755 and 1.770, i.e., considerably higher than those
of hexagonal BeO, 1.719 and 1.733. The crystals are biaxial positive, and
of orthorhombic, or monoclinic, symmetry. They were reported to exhibit
pinacoidal cleavage.

These findings lead to the final conclusion that not a cubic,
zlncblende, structure Is present in high-fired beryllia, but a phase of con-
sidersbly lower symmetry, most probably produced and established by an
Impurity.

In the search for the "foreign" substance that might be responsible
for the observed new structure in beryllls, a number of samples were given
high-temperature heat treatment under the supervision of W. W. Galbreath Jr.
of the Power Pile Division at the Horris Laboratories. The x-ray exami
nation of several dozen of such samples showed that the new phase occurred,
in mixture with the hexagonal one, on heating beryllia at, or above, 200O*C,
when carbon in the form of graphite or beryllium carbide was not excluded.
It was never produced at temperatures of 1900° C, or lower. In view of the
experimental difficultiea, the accuracy of the figure 2000* C is subject
to some doubt.

Of special interest waa tha last series of samples (of June 4th,
1948), in which the influence of the graphite of the furnace tube and cart
ridge were eliminated by the use of beryllia crucibles containing the speci
mens. Only in the one specimen in which 10* beryllium carbide, Be^:, had been
added to nure BeO (Sample No. BR-U) did the new phaae occur, in an esti
mated amount of 25*. It was absent in samples of pure BeO, and of 3e0
containing 2* graphite, 2* graphite ash and % alumina. The amount of
graphite added apparently was not high enough to form a sufficient quantity
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of carbide for oven partial conversion of the BeO to the new phase. It
was also somewhat surprising to note that in the disk containing orig
inally 10* Be2G, the new phase waa absent in a surface layer of 1to 2
millimeter thickness of light-grey color. The interior of this pellet,
which lid contain the new phase (approximately 1ST.) was darkened by what
appears to be graphite, produced by the decomposition of a major portion
of the beryllium carbide added, possibly by reaction, with the water used
as binder. It Js hoped to eliminate in future experiments this decompo
sition, and to obtain the new phase in higher concentration. In order
to learn the reasons for the present limitation to amounts, of the new
phase, not exceeding 25 to 50?, longer heating periods and rapid quenching
from various temperatures, including fusion, will be tried, so that equi
librium conditions may be ascertained.

The formation of beryllium carbide at tho contact zone between
BeO and graphite under the conditions of the experiments wss established
through its x-ray pattern. However, in addition, one very strong line and
several medium strong ones with spacings 2.415.,2..209* 1-732 and 1.435 *,
of an additional phase, have been observed several times, beside the cubic
phase of Be4J„ Its nature remains to be determined,

2) X-Pay Diffraction Study of. Pile-Irradiated Metals,

D. S. Billington, of the Metallurgical Division, submitted ap
proximately 30 samples of beryllium, magnesium, aluminum and copper, and
of a binary copper-beryllium alloy (2* Be) to which he had given various
mechanical and heat treatments. Some of these samples had been exposed
to radiation in the X-10 pile for 3 weeks. The x-ray diffraction spectro
meter was employed for a quick first survey. No effects of irradiation
upon the width of tho x-ray diffraction lines were observed in magnesium,
aluminum and copper, but it is possible that small effects may be found
in the reflection range above a Bragg angle of 45®, which was inaccessible
with the present spectrometer. Arather strong effect was observed in two
samplec of the copper beryllium alloy, one hardened by cold work, the other,
in addition, by aging. The line breadth of the (111) reflection increased
from 0.57* and 0C50*, respectively, before irradiation, to 0.80° (2 9)
afterwards. Much smaller effects were observed with other samples, rep
resenting the same type of alloy, but different heat treatments. While It
is much too early to draw any reliable concluaions from these few results,
they setm to suggest that irradiation produces more distortion of the
orystsl Isttice in hard materials than in soft ones, and particularly in
those hard ones In which a certain amount of energy of distortion is stored
from preceding cold work. This work is being continued in co-operation with
the Metallurgy Division.

3) Miscellaneous Work,

a) Identification of highly r^fActive particles.

The Health Physics Division submitted a number of highly radio
active ^articles, ranging in size from approximately 100 to 400 microns. X-ray
diffraction patterns of individual particles showed the presence of uranium
dioxide as a major constituent of four of these samples, while a fifth one
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contained only minor amounts of UOo,, beside an amorphous material not
identified. The particle size of the U02 is of the order of 800 I, and
in homogeneous distribution of intensity over the Debye-Scherrer rings
indicates that it must have originated by oxidation and orientated growth,
from one, or very few uranium metal grains. These results lend support
to conclusions reached by Health Physics as to the origin of the particles<

b) Compounds of Barium and Ruthenium Oxides?

In mixtures of barium and ruthenium oxides, with ratios
varying from 1.2, 111, 2*1, to 3*1, to which M. D. Silverman had given
various heat treatments, at least 5 different crystal phasaa were observed
by x-ray diffraction. A characterization, by their x-ray patterns, will
be given in a later report. Much more work will be required to determine
the composition and conditions of formation of these phases.

c) A small number of samples were examined in connection with
their use in neutron diffraction studies (C. C. Shull),
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Instrument and Physical Measurements

Modifications of the 8weep Type Differential Alpha Energy Analyzer
(E. reirsteim)

Introduction;

The alpha energy analyzer described by J. K. Parsons In report
Mon C-4l£ is essentially an electronic recording alpha spectrometer, and
can be used to determine energies and relative abundance of a series of
alpha emitters when these emitters are prepared as a deposit on a thin
metal plate.

Tale report describes the changes made in the present model which
result la a considerable simplification of the circuit and improvement
of operation.

Amplifier changes:

Much of the filtering In the amplifier waa found unnecessary and has
been dispensed with. The rise time of the amplifier has been made longer
than the collection time In the chamber. This minimizes affects of changes
In collection time due to straggling of the pulses. The rlae time is limited by
the relatively large valued feed back compensating condensers.. Differentiation
la need in two places to eliminate tho affects of hum and improve the signal-to-
noise ratio. A diode restorer la used at the cathode-follower grid to eliminate
undershoot. The stepped gain control waa replaced by a continuous control.
It la felt, however, that a control with course and fine adjustments of the
Thompson-Tarley type would result In greater convenience of adjustment.

The cathode-follower Input waa adjusted for optimum algmal-tQ-noiao
ratio* A shorting electrode held at the floating grid potential by a battery
waa added to prevent voltage shocks to the grid while samples are being, changed.
This roeulta la Isuuwsd reproducibility of results and a considerably shorter
stabilizing time after a sample

bullt-la signal gsnarmt nr was found to be unnecessary and was removed,
circuit adjustments aye made from the pulses produced by tho sample

which la being analyzed.

Anti-coincidence oircuitt

The "slit-width" control { & I control) was replaced by one which permits
adjustment in one-tenth volt oteps from zero to cms volt.
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•She sensitivity switch was replaced by a continuous linear control with
a calibrated dial. A graph of sensitivity versus total counting rate vita
slit- width as a parameter can be prepared in order to Insure that the curree
drawn will occupy a convenient chart range wtshout numerous trial and error
adjustments.

At narrow elit-widths, instability In <ihe trigger-pair© &3cessitaw#e
freqanat rebalancing. To facilitate this adjustment, the balancing controls
and *soope Jacks were brought to the front panel in the position previcoely
occupied by the signal generator adjustments.

An output shorting switch permits quick discharge of the recorder tank
condenser. A zero adjustment van aleo mounted on the aide of the recorder.

A voltmeter waa provided to Indicate the position of the pulse height
selector. This eide considerably In re-adjustment following a sample change.

Power angrpliaa:

The D. C filament supply was eliminated„

She amplifier power supply waa change* to eliminate the ae*d for reference
batteries. Much of the filtering waa unnecsesa.y cad has been roooved. The
bus Iwel and regulation are negligibly low.

*

At present, the cathode-follower ©till uses batteries. These were not
eliminated because a new unit la being planaed which will eliminate the ne«»d
for n cathode follower.

Automatic cut-off:

Tho automatic cut-off circuit waa found to be more of a hindrance than
an aid and was eliminated.

Puturq work:

A completely new unit la being planned which will be considerably smaller
and less expensive than the pxcoast one. The anti-coincidence circuit will
conalat of two Schmltt trigger pairs feeding Into a variation of the rate meter
circuit described by flaore and Sands la Chapter four of the LA-1002 report.
Anti-coincidence will be produced ir the Integrator end drifts in the trigger
palra will have no effect on the signal amplitude or zero position. The
overall resolution time will be leas than ten mlcrosoconds, permitting sample*
of 100,000 cpm to be used with a coincidence loss of less than one percent.
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Past Coincidence Circuitry,
(R. A. Dandl)

In the process of developing oolnoidance clrcuite with resolution
times of 10-7 eec or less, without losing true coincidences, the following
clrcuite ware investigated.

1 coapsnaated Sehmltt trigger pairs.

Since the greater part of the gain of the positive feed-back circuit
Intrinsic in a trigger pair la best located in the first half or conducting
aide, It Is desirable to apply the moat effective compensation to thla plate
circuit with its larger plate resistor and longer BC time constant.

The trigger circuit ahown In figure 1 soomsd satisfactory for some
types of pulse shaping. The pulses obtained ware square, of tea to fifteen
volto amplitude, sad had rise times of leas than 10-T aec.

2 coincidence detector:

Blace the usual type of coincidence circuit requires soma sort of pulse
sbepar, Its resolution time (Ts) la limited by the rise times of the amplifiers
feeding it. Two coincidence pulses differing greatly la amplitude will Ini
tiate shaped pulses separated In time by at least the rise times (T") o:? the
amplifiers. (Actually T' minimum was found to be 2 T" if no coincidence
pulse* were loot). Another disadvantage of the usual coincidence circuit
la the gala required to let the smaller pulses through the shaping circuits.

As a result of these considerations the coincidence circuit shown in
figure 2A* waa Investigated and waa found to have many advantages. The

•Coincidence circuit by Baldlnger, Buber and Myer, BSI July, 1948.

two most important advantages are: operation on low voltage pulaeo (0.1 volt)
and the elimination of pulse abapere. However thla oolnoidance circuit being
of thw bridge type, requires a differential voltage detector of tha type* shown
In figure £B.

Present plans involve Its use with two channels, each containing a pro
portional Beta counter and a fast low gala amplifier. Sample amplifier stages
using four terminal compensation, were tested and a 50 megacycle amplifier with
a gala of twelve seems to be a good ccmpromlae, providing the proportional
chamber can deliver four tenth volt pulses without being operated In the geiger
region.
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A Proportional. Beta Counter
XiZtz- iretain, C. J. Borkowskl)

Introduction:

91

A circuit has been developed for determining tha counting rate of aaak
beta emitters which la much less complicated than those presently in ueo„
It is meant to be used with a flow-type proportional chamber, and the opera
ting voltage la In the range usually associated with alpha-counting.

The unit can also be used for alpha counting with a reduced chamber
voltage.

Problems involved in en amplifier to be used for bfrta counting:

Since beta amlttera produce a continuous energy spectrum, it is necessary
that an amplifier used for beta coasting be able to handle a wide range of
signal voltage. Tha requirements of a wide plateau for stable operation com
plicates the problem further. The amplifier is required to saturate without
blocking or producing spurious responses.

Consider the following situation:

An interstate coupling condenser of .001 mfd is used with a grid resistor
of one megohm in front of a tube where positive pulses occur. Thla results
in a time constant cf 1000 microseconds. If the tube is biased to the normal
value of two or three volts, the occurence of a fifty volt pulse will drive
the tuba well Into the grid current region. The input resistance of tha stage
under these conditions is about 1000 ohms. If the pulse laata five micro
seconds, the coupling condenser charges to about forty volts. When the pulse
disappears, the discharge of the coupling condenser causes the stage to be
out off for as long as 2000 microseconds, during which time low amplitude pulsee
cauaot pass through the amplifier. This phenomena is knoma as blocking and
results in a dstutwse la counting rate as the chamber voltage la Increased.
This effect cam be eliminated by the nee of a diode restorer and minimized
by the use of an unmy-paeeed cathode resistor, which will permit a certain
amount of cathode follower action.

Xa a maay»ataa» amplifier, multiple differentiAticn can occur unless
extreme measures are used to eliminate It. This results la pulae overshoot.
If the overshoot Is sufficiently great, it will cause a double cenmt, since
it la in the same direction aa the desired signal. The best way to eliminate this
1« to limit the amplifier to three stages and carefully choose the valuea of
the coupling condensers.
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Boise la a relatively Insignificant consideration, The amplifier
ncxse places a lower limit on the plateau threshold, but since a ten
percaat Increase in operating voltage will offset nearly a 1000$ Im
provement In amplifier noise, it Is hardly worthwhile to spend a lot of
time In decreasing tho noise below a reasonable value.

Peacription of the circuit nreaented In this report:

A three stage amplifier is used with no compensation or feedback,
except for the unby-passed cathode resistor in the second stage. Leaving
the by-pass condenser off decreases the noise and prevents grid blocking.
lHffaraatlatisn la used at the very Input to narrow the pulaea. Differentiation
is also uo«d at tha output to eliminate the effects of hum and minimize the
affects of amplifier noise. The back-kick which results la not serious because
the Schaltt trigger pair Into which the amplifier feeds will respond to poeltlve
pulses only. Tha second differentiation also considerably decreases ths re
solving time of tha trigger pair.

The rate-meter output circuit shown prcduceo positive pulses of
approximately fifty volts amplitude end two and. one-half microseconds duration.
Ths output impedance la never more than 300 ohms, due to the cathode follower.
Tho rata meter for which It is Intended Is baaed on the circuit daecrlbod
by Elsore and Sands in chapter four of the LA-1002 report.

The sealer output produces negative pulses of approximately fifteen volts
amplitude and one microsecond duration. Thla will drive a Hlggiabothasn scaler.
?or rata-meter work, a 300 volt power supply la necessary, for eealar work,
225 volts is sufficient. A regulated supply is unnecessary aai was sot used
In tetiing the unit.

The pulse height selector la adjusted to ths point where amplifier noise
pulaen just stop counting.

All the tubes are operated at much less than their rated power cisoipatioa.

Basalt*:
4

The plateau length is apprcoclmt&ely twenty percent of the plateau thres
hold voltage with an overall slops of two percent.

The resolution time was not msasured, but oacillogroms Indicate that it
should be less than six microseconds (one percent Ices per 100,000 counts
per cinute).
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It may be poa&Ible to decrease th*> plateau slope and isxprofsr the
resoistiom time by the use of diode restorers at appropriate
circuit. Bo data:, re available on ti: Lat at the pressnt writing.

future work:

It was suggested by S. A. Dendl that an additional tube whose plate
curr^t la supplied by the screen resietor of one or nore stagae of the
amplifier and whost 1 voltage is mipplied by a fraction of

>*• might be ueed to extend ths plateau by causing tha amplifier me
to vary invarasly as tha chamber voltage. Preliminary teats Indicate that
thla is feasible, but exact data*r«» not yet available.

The use of a cathode eeoplmft amplifier pair Clong tail pair")' for the
seee*& stage may result la a flatter plateau. A stage of t pe was
tri-*d ftftd Ave resulto at least as good as the present circuit, but an
accurate comparison few not yet been made. The conventional states w&xi
for ite Plmrlielty.
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4» AHALYTICAL SBERflCB

Suamaxy of Analytical Work for Quarter
May 15 to August 15, 1948

Lab.

and

Badlo- Ionic Radio- Ionic Water Pilot Semi- Production Siectro-
chem. Dav. chem. Anal. Anal. Plant Wcrke Analyses graphic
Dev. Anal. Control Control Analysee

Total

Personnel (6y?.5/48)
Tech. 6 5 10
Hoa-Tech. 119

2 15
3 * 23

2

8
6
18

4
0

in

67

Phyalcs Div. 70 19 14 103

Chem. Div. l& 5 48 261 kl6

Technical Dlv. 4656 128 1146 11432 7208 19 24589

Production 2633 258 5066 7957

Power Pile 29 29

.Metallurgy 22 22

Biology 13 13

Health-Physios 60 60

Misc. 4 15 81 100

7581 185 l44i 11^32 7256 5066 368 33349

Spectrograph!c Group - C Feldman, A. J. Hetepp, *• Murray, J. OlUeaple

In addition to the spectrographlc analyses Indicated In the above table,
the following development work waa done In this group:

1. A working curve for If In Zr was prepared by the poroua cup method
using pure ZrOo, (<200 ppm Hf) obtained from the national Bureau of Standards as
base material. The present curve covers the range (Hf x 100)/Zr - 0.065 - 8.0. The
intensity ratio Hf II 26*4l.406/Zr II 276l for a given mixture was found to remain
essentially constant when ths total sample concentration waa varied between 1.5 and 6
Zr/ml* This confirms previous studies made with a leas sensitive procedure•



A fceckni<juc va* develop- Jii£ a»t«IU.ic 1
*plksd uniformly and accurately with know- waounta of Ag.
dissolve*, sdded to tha solutlca . >tal pr: <>.

> metal der is then mixed with graphite, pelletixed, and spark:

3. A special graph paper waa dc ich will permit ths con
struct lor. calibrated Intensity scales d f from $ transHiafi-i; ata by-
en oatlrc J :al m^ Cn this gr iper, aecissae corre'=
intensity- ••Ates are proportional to the log of the Seidel fi

-1, but c&librated in tertao of <£ transmission.

function was ^iticsen for this purpose because it is linear between 93» and 9*7$. '
mis"' wavelengtht ring unifona relative ac s
intens! igs.

4, ft. 20 alnute procedure was developed for decontaminating
chemical f ;aafcers. Before use, ths inside parte of the chs.
with on e. lc solution of Cni'bovnsx 1540. After exposure , the eontsaainatad parts
are placed ')$ aHaonixws citrate oolntica- The containing vessel Is place'
e hiyt sins .ap water Is run into it for ebont 15 minutes. Thie remov*
DarbowaX :'vity. Lacquered lava pieces reading 90 mR were found to read
less than 2 oH after treatment.

-ur/e-stralght'ening method for preparing working curvets when nose
materiali? free of the lapuxitv bsing studied ara not available waa erfcanded tc the

tmation af Cs in 29). lerainetion saode with the aid of such, a curve agx
to within I th a pile activation determination whose accuracy vas estirAi -
as - 15^.

Badioc&er* . Analyses. - •'.*. L. Burros, 0. ST, Lsddlcotte, R« Slusher, Et. K. I Ular
.•pley, P. I. Cilboart, J, Gill, A. B. HcBride,

»T. Cooribe, W. Srookebonk

aajor load for this group continues to com© from the Eot Pilot Plant
and the I' -.tope Developiaant Gx-cnp in the Production Division* It has bet-u
necessary -.-ease the personnel of this group awrewbat recently to handle
the expei «aaed work dus to the Technical Division program cm the Bsdox
Proceaa.

Ionic AaaX^aes - P, B. Latfalle, V. Volkovit?.

Icmic analyses have been at a low ebb in this quarter with the exception
of cltaainrw-'uraniTXs alley analysis. The ferric sulfate analytical, method for
uranium In these alloys lias greatly lessened the time required for each analysis,
but it nay be Boa© time before the backlog of samples can 1>» cleaned vp coiqplAtely
unless mere equipment can be obtained.

Water Analyses -• J. S. Edgerton

Mfost. of the work of this group continues to corns from Technical Division
groups during corrosion work. An improved method for determination of very small
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amounts of aluminum and iron has reduced the time required for these analyses
and has greatly improved the acouracy of these determinations,

Pilot Plant Control Group E„ J. Frederick, W. T. Mulllne. B. W» Sharp,
E. A. Parker, L. C. Henley

This group has finished tha work on the 25 process and is new engaged
in pteporaM.cn* for work on the Pedes Process. It is expected that -lot
will start on the Bedox Process ebout September 15.

Lab and Semi-Works Process Analyse» - 1- T« Sorbin, G- B* WU*

This group is now euga^el in fuialyaes ' itial 1
end is experiencing ease dlffi same of the x> "AH

dre coneldiwable overtime work for a ahor
il personnel for an extended peri

B. Z ',, T. 0. Harmon, B. J- Gla

The analyses of routlw ? radloi*otop»
sxaootn?. Us period. PI

:iuel expose
BOij hat a Hettler belan«

be, when properly ' with lead shleldln
is admirab- .pted to remote. ideations bec&uae 11
external i and hence alnirxtzes exposure of persomal.

Isby
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