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March 18. MNetallurgy

1. Properties of Hiéh Temperature Pile Structural Materials

C. A. Hutchison, JT.
{Chicago)

The projected high temperature pile is to contain Uoz as fuel
and beryllia as moderator.

Beryllia has now been produced by hot pressing with a density of
3,00 g/cc, which is close to the theorstical x-ray value Other physical
constants of this material are as follows: '

Thermal conductivity et 1000°C - 0,08 cal °Cc™} x

Young’s modulus - 315 x 1010 dyne x em™2

cm”l X sS8G 1

Compressive strength. sbout 1 x 1020 dyne x em @

Thermal expansion coefficicat at 1000°C - 8 x 1076 °¢=1

o
Hardness - about that of fused slumina

- Vapor pressure at 1500°C about 108 mm Hg.

Because of the very high thermal conductivity, the temperature
gradient in the rods will be only 20°C at 100,000 Kw. The thermal siresses
are decreased by the high value of thermal conductivity more than they are
increased by the (zlso very high)value of Young®s modulus.,

The chemicel grOperties of this material were unknown before., Treated
with steam at 1500°C, it lost 10.5% of its weight in 13 hours. Pure
cottony beryllia was distilled away, indicating the existeace of a volatile
hydroxide. The material is grsy in color. The origin of the cclor is
unknown; it is nct due to carbon impurity. Upon heating, the materisl
becomes white with an increase rathsr then a decrease in mass.

U508 is used in high temperature pressing together with beryllia to
form the fusel rods. U,0, is converted to UG during this procedure° it is
not reoxidized again upond cooling.

The volatilization of uranium from the mixed oxide bodies at 1500°C is
illustrated by figure 1.
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In vacuo, no loss of uranium occurs after the composition UOp hos besn
reached. In air, the uranium continues to evaporate, probsbly by inter-
mediate formation of volatile U03, In hydrogen atmosphere, the uranium
loss is less than 4 per cent. W#e have investigated how much oxygen can
be permittéd without causing considerable losses of uranium. In an
atmosphere, containing 0.5 per cent oxygen, the loss was 40 per cent in
30 hours; with C.14 per cent Oy, the loss was reduced to 10 per cent in
200 hours. In pure oxygen, 80 per cent uranium were evaporated at 1500°C,
and condensed. in the cooler part of the apparatus as ap ozide of the
approximate composition Uzosa This evaporation could be perhaps used in
the reprocessing of material for the separation of ursnium from flssion
products. :

* A

2. The Preparation of Alclad Urenium-Aluminum Alloy

by L. H. Gremnell (Battellé)

The cladding of Al-U alloys on all sides by hot rolling, to give a
dengity of 15 mg. of U per sq. em. ot l-mm. thickmess, required applica~
tion of a much thicker cladding layer ithan is done commercially where

. the surface layer is from § to 10% of the thickness. Regular cladding

procedure, for which the cover sheet is wrapped around the leading edge
of the core, and a method using this proecedure with a "plcture frame®
surrounding the edges of the core were tried. The first method d4id not
give complste edge closure, but the ploture-frame method appears satis-
factory.

Tests were run using initiasl core thicknesses from 0.080" to 0.375%,
with no great difference in bonding. A number of cleaning methods were
tried, bhut the standard scratch-brushing method =ssemed most satisfactory.
Core and coating thicknssses remain in very nearly the same relation as

' the starting thicknesses, Alloys with 11 and 15% U were clad successfully.

Distribution of the U in the core was more uniform with ¢cross roiling of
the core and in the 15% alloy. .




3, Beryllium Reductions

T. Magel, M.I.T. (presented by A. R. Keufman)

(1) Some work has been done at M.1.T. on closed bomb reductlions
of BeCl, with Ca metsl (and sulfur booster) on an 18 gram {Be} scale.
-Yields averaged abhout 75 to 80 per cent ccherent, well-consolidazted
metal. The caleium content of the beryllium Varied between 0.5 and 10
per cent. Overall results on BeCly, reductions indicated no advantage
over the reduction of BeF,. Mbraover, since ‘there is no longer a satis~
fectory source of Beclz this work hes been disconbinued, (Z) A few
bomb reductions of mixtures of BeClg and UCl, have been carried out in an
attempt to prepare directly the compound UBe,. Technique similar to that
uged in BeCl_ reductions was employed with resulting ylields of sbout
75 to 80 per“cent, one half of which was in the form of & well consolidated
mass and the remainder in the form of a coarse powder. (3) High-purity
Be metal has been prepared by high temperature (1700°C), high-vacuum
distillation of the Be formed by the reaction of a stoichemeiric mixture
of BeO and Zr metal {introduced as ZrHy). Yields of densely deposited Be
{(on a Ta condenser) of 80 per cent and bstter have been obtaiped in about
8 hours. In the present apparatus about 80 grams of Be can be prepared
per run, . -

, 4, Studies of Beryllium Oxide Ceramic Bodies

H, Z. Schofield \
{Battolle Memorial Institute) '

Specimens, dust-pressed from s mixture of high-firs grede beryllium
oxide and UQ,, disintegrated in air at temperature near "red heat™ owing
to oxidation of the Uoz to UzOgy and the attendant vclume expansion. The
use of UzOg in the mixture prevented this disintegration, but a large
. part of the uranium oxide was lost by volatllization during firing at
‘high temperatures,

Specimens of beryllium oxide, 90%, U0 20 10%, were fired at 3300°F.
without disintegration when an atmOSphere of argon was malintained at all
temperatures below 2500°F, The fired bodies were porous’, however, when
high-fire grade beryllium oxide was used. Apparent non)orosity in the
fired body was obtained by using fluorescent-grade beryllium oxzide.

In the work on nonporous surface films, or "glazes "”for the poroua
Be0O-UQ,, bodies, some promise was shown when s thin coating, composed of
equal parts of BeO and Mg0, wae applied to the body before firing. Some
promise alsc was shown when a film of silica was deposited on the specimen .
from the vapor phase in an atmosphere of weter vapor and silicon tetra-
¢hloride, or by saturating the body with a hot, concentrated solution of

beryllium sulfate and drying, before firing.
- o-ﬁ
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w Be0O Bodies of Two Denaities
Temperature )
o¢ 2,16 ga./om.> 2.87 gmn/@moz Pure Iron
200 0.57 . 0.81 0,60
400 0.36 0.54. 0.456
600 0.26 0.42 ‘ 0,32
- 800 G.20
1000 C.16
1200 C.14

= 5 =,
1
i
\ .
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5, Thermal Conductivity of Beryllium Oxide Bodies

H. R, Nelson (Battelle Memorial Institute)

A lmowledge of the thermal conductivity of Be0 at elevated
temperatures is important in the design of the mixed oxide pile. Pre-
viously reported measurements on low-density bodies have shown that BeC

.has a surprisingly high conductivity which varies with the density of

the specimen. New results on high-density material confirm the conclu-
sion that Be0 is more metallic ‘than ceramic in its thermal-conductivity
properties, Results are summarized below.

Thermal Conductivity in Watt em.~l 9,2

Apparatus has been constructed to permit remote-control measurements
on radioactive specimens. This equipment will be used to determine the
magnitude of possible changes in the conductivity of a mized oxide body as
a result of neutron radiationo

x &

6, Preparation of Beryllium Nitride, Be.i

T, Magel, M.I.T. (presented by A. R. Kaufman)

Besﬂ ie being prepared at M.X, T. on a 200 gram scale by passing
ammonia gas over Clifton flake beryllium metal at 900°C. Only baryllium
metal whieh passes a 28 mesh screen is uged; coarssr materisl is difficult
to nitride completely under present operating conditions. The metal is
placed on a thin molybdenum sheet inside a two ‘inch dismeter gquartz. tube.
After evacuating to remove alr, a stream of ammmiiais passed over the metal
vhile it is heated to 900°C, About 60 hours is necessary for complete
wonversion %o nitride, Shorter heating periods give partial conversion hut
such material can be completely converted to nitride by additional treat-
ment at 900°C, Analysis of product showsd 50.4 per cent N, and 50.0 per
cent Be; theoretical is 50.8 per cent N, and 49.2 per cent Be, First
batches of M.I.T. nitvride were inadvertently contaminated with sbout 100 to
200 ppm., of titanium and zirconium. The source of contamination has now

e —_—" | _
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7. Metallurgy of Be

. . A. R, Kaufman (M.I.T )

Crude Brush beryllium cen be refined by melting in an open pot and
ther casting in air. This process which removes most of the slag in the
metal, leads to about a 3 to 5% loss of Be due to oxidation. Vesuum

" ¢astings up to 25 pounds in weight can be made in a 12" guartz tube

furnece using this refined metsl.

Extrusionsof Be have been carried out using billets up to 63" in
di ameter. Rods up %o 3" diameter and down to %" diemeter have bsen made
with a four hole die being used in the lattexr case. A dise or cone of
soft iron is placed at the front of the billet to rill up the space at
the periphery of the die and thus facilitate the flow of the iron jasket
on the billet. Be billets encased in heavy iron heve been satisfactorily
forged at temperatures as low as 1100°F., Fabrication operations ao far
garried out indicate that Be crystals in certain orientations are extra-
ordinarily resistant to deformation. '

Tensile tests of extruded Be indicate that the optimum combination
of strength and ductility, in the direction of extrusion at least, is

obtained by extruding at a low tempsrature (1300CF) and then annealing at
about 1380°Fo

Distilled Be has been obtained in quantities of several pounds.

‘There is no evidence, as yet, that this material is more ductile than the

ordinary mstalo

8, S8tudies of the Hbtallurggﬁof’Berg;lium ,

H, W. Russell (Battelle Memoris) Institute)

It has been demonstrated that large castings of beryllium can be

. prepared without melting in vagumm. Metal fréed from slag was melted im

a silicon~carbide {Tercod) crucible without liquid flux. A blanket of
argon minimized oxidetion. “Gassiness, resulting in porous castings,
occurred occasionally and erratically, but was contirolled im part by bub-
bling chlorine through the melt. Pure beryllium castings tend %o coarse
grain and hot cracking; the addition of 2 to 3% of eluminum gives great
improvement, and has been the regular practice.

. Graphite molds are satisfactory only if all restriction on the normal
shrinkage can be avoided. Sand molds of zircon or magnesia give falr
results, and are usable where graphite will not permit the negessary
shrinkage. Hollow cylinders are readily cast centrifugslly in steel molds
rotated at a speed to give about 75 times gravity. A melt of 75 pounds
of beryllium, conteining 3% sluminum, wes ladled into a centrifigal meold,
forming a casting 52 1nches in diameter with a wall thickness of 1-3/4
inches,
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There has been gontradictory evidence in regard to a possible -
transformation in berylliium somewhere hetween 500°C., and 750°C. Measure-
ments of the thermoelectric power of extruded beryllium 0.15 inch in
diameter against platinum in the range from 350°C. to 750°C. fail to
supply evidence of the existence of a transformation. In this temperature
range, the thermoelectric power, in microvolts per degree C;, can be
represented by ,

de/dt = 1,20 + 2,10t

The electrical resistance was found to vary. smoothly from 500 °c. to
800°G., with no indication of a transformation, The extruded rod used
‘hed a resistivity at zero of €, = 4.1 x 107" om cm.

Thermal analysis by the method of C. S, Smith (Trans. A.X.M.E., Vol,
137, pp. 236-244 1940) showed no evidence of a transformation on heating
from 500°C. up to 8250 C., and back down to 530°C,

Jaeger and Zanstra (Proc. Roy. Soc.» Amsterdam, Vol. 36, p. 636, 1933)
have reported, a new phase, detectable by X-ray diffraction, in beryllium
quenched from 630°C. This procedure has been repeated, and, in additionp
X-ray difrraction data have been secured in a hot camera at 5500@., ?00°C. ,
and 800°C. No ]ipes due to a new beryllium phage could be detected,

arranged by J. Schubert {(Chicago)

'9, The Kinetics of ion=Exchange Adsorption

L. S. Myers, Jr.

In order to avoid the tedious, time consuming and often wasteful

series of experiments necessary to determine the optimum conditions for

" geparating substances such as the rare earths and fission products by
golumn ionic exchange processes, it is desirable that means bs found to
predict the bvehavior of any given ion in a column from the resulis of a
few simple batch experiments. In order to accomplish this a knowledge of
the mechanism of adsorption and the rate controlling factors must be
obtained,

During an adsorption processD 8 reaction such as is shown by the
following equation occurs: h

oA + mBR = nAR+ mBT .

+ ana BY represent the cation which is adsorbed and the cation inltially
om the resin, respectively, and BR and AR represent the initial resin
apd the resin after At is adsorbed, respectively. The equilidbriuvm
constant for such a reaction is the ordinary mass action expression in
which the activities in the solid phase are represented by the mole frae-

ti ons o | | _
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In such a reaction there are at least three processes, any one of
which may be rate controlling. These are: (1) diffusion of AT and its
anion into the immediate vicinity of BR; (2) the reaction of A* with BR
to give the products BT and AR; (3) the diffusion of Bt apd its anion
away from the immediate visinity of AR and into the solution, '

Under conditions of constant concentrations of A*‘ BY and BR (1.eo
tracer concentrations of A" and large volumes of solution) very simple
rate equations may be derived for each of these processes., If process -
(1) or (3) is the slowest, the rate of adsorption will be controlled by
the laws of diffusion, and the diffusion equation is applicable,

, _ o0
] AR _, __6 2 : _ D2
AR@Q ,",,2 0XD. { xr }o
nzl

AR and AR,, are the amounss of At adsorbed at gny time and at equilibriumn
0 1s an integer, D the diffusion constant i em“see”™ , t the time, and T
the radiua of the resin particles, which are assumed to be spherical,

1f process (2) is the slowest, the rate of adsorption will be controlled .

by the lews of mass action and the mass action rate equation is appligable,
~ @ ’ A

AR :

e —— = - -
AR, =1 - ew. ( -kpBUe),

. The symbols have the same signifieance as above, with kg'being the gpesific
reaction rate constant for the reverse reaction, and B the concentration
of B ion raised to the appropriate power,

Batch experiments using Amberlite IR-1 resin show that when B 4s
present in low concentrations, the mass aetion process is the slowest, and .
hence is rate controlling. As the eoncentration of BY increases, the
mass action process increases in velocity until it eventually becomes
faster than one of the diffusion processes. Undexr these conditions the
diffusion process becomes rate sontrolling. The concentration at which
this trensition occurs varies with the velence of the ions involved, When
the ion initially on the resin is monoveleni and the adsorbate is monovalent,
this transition concentration is of the order of 0.01 M. When the adsorbate
is divalent it is of the order of 0.1 M, when trivalent, about C.3 M.

The values of the equilidbrium congtant, the mass action rate constant and
the diffusion-constant show considerable variation with valence., &hen the
resin initially contains & monovalent ion, these constants ere of the order
of ©.1-3, 10 M*lsec‘l, and 3 x 20°6 em® sec-l respectively when the adsorbate
is monovalent; 3-5, 2 M*®sec=l  and 0.4 x 10~% when it is divalent; and

10-100, 0.2 ¥3 sec~}, and 0,01 x 10~6 when trivalent. Additicn of a

‘\ ‘ ) _
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complexing agent to ytitrium increases the diffusion constant somewhat.
Comparison of several ions of the sams valence show that the heavier
lons are adsorbed more strongly than lighter ions and that their presance

results in smaller diffusion constants, The mass action equilibrium
expression is inadequate for trivalent ions. C N

The mass transfer theory permits prediction of the behavior of an ion
during column adsorption if two constants are khown, provided that the
rate of adsorption is controlled by the mass action process. These con-
stante are known as k and k?, and they may be related to batch eorstantis
a3 follows: '

x = _moles adsorbate per cc of bed at eguilibrium
moles adsorbate per cc of solution at equilibrium

- M, /g .
~ 3;;——7;1 (Bed density) :

K = koB%.

Comparisons of values of k° and k obtained by batch experiment and column
studies show that k can be predicted fairly accurately by batch studies,
but that k’ is apparently a function of the contact time. As the contact
o © %ime 1s incresased the velue of k" obtained from column operation approaches
the value obtained from batch studies,
References:
Adameon, A. W., CN-1859, Schubert, J,, CN-1873, Adamson, A. §., Mop-C-51

* Myers, L. S., Jr., Mon-C=52, Adamson A° Wos PPR Voluma 16-=A, Chapters

XVII, XVIiI.
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10, The Use of Ion Exchangéré as a Physico-Chemicel Tool

Jack Schubert

The procedures by which ion exchangers, utilizing only radiochemical
concentrations of elements, can be employed to study fundamental physico-
chemical problems is deséribed. Some of the problema which can he profitably
studied by the ion exchange method are:

1. Qualitative and quantitative measurements of the dissoc‘ation
of complex ions.

2. Measurenent of the activity coefficients of tracer cations°

3. Detection and behavior of colloids,

4. Qualitative determination of the state of an element in solution.
5. Determination of the valence and relative basicity of cations,
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1l. The Separation of Fisgsion Producte

E, Ro Tbmpkins” J.X, Khyms G, W. Pa.rker9 W. E, Cohn and Aszociates

Reported by W. E, Cohn

The general technique of ion-exchange is shown to be appliceills to
the problem of separating radiocactive fission species from each othser in
the carrier-free state. This is accomplished by adsorbing all cationic
species, after extraction of uranium with ether, on Amberlite IR-1; the

. anlonic species (Ru, Te), are not adsorbed and may be collected in the
effluent.

>V

Separation of the adsorbed cations is effected by specific e’.ution as 928(
complexed ions with organic acids and thelr galts, These may be used in
various ways, but a practicel procedure used on the curie scale hns been:
{1) elution of Zr and Cb with 1/2% oxalic aecid; (2).elution of Pu with
5-7% oxalic acid; (3) elution of Cs with 0.5 N HpS043 (4) elution of rare
earths in the order Y, I1, Na, Pr, Ce by 5% citrate at pH varied from 2,7
to 3.3; {5),0f Sr and Ba, in that orders by 5% citrate at pH 5-6,

elution .

Ionaexchange methode, based on re-adsorption of the active sposcies after
decompleXxing by acidification, have been d eveloped for purifyiung the tri-
and divalent species of radiochemical and chemical contaminants, Tor com-
gentration and for metathesis. Since the technique is simple and uniqusly
adaptable to remote-control handling, the preparation of large amounts of
very pure carrier-free fission speclesg is relatively easily achieved. The
procese 1s economical since most msjor fission species may be receoversd fro
a single starting solution; furthermere, the entire process, incluvding con-
eentration purificationa etc.» is sccomplished, by the repetltion of a single
cycle, ;

12, Extraction .apd Decontamination of Plutonium
J. A. Ayres ’ r
An extraction and decontamination procedure haa been developsd and .

tested thoroughly on a pilot plant scale, using one kilogram of uranium '
metal (one regulation X slug) per run. JZ;”/wmﬁ

The procedure consists of a three step process using adsorption columnac'aﬂ ;
The plutonium is adsorbed on the first column and then eluted with sodium G?"“vMﬁ
acid sulphate. The uranium passes on into the effluent end is thus sepsrated
from the plutonium, Additiopal carrier is added to the eluate which is then /ﬁﬁg
diluted and made alkaline, The supernatant liquid is drained off and ths
carrier is dissolved in dilute sulfuric acid. The solution is diluted,

‘complexed with 7-iodo-8-hydroxyquinoline-S5-sulfonic acid, neutralized to a

pH of 5,0-5.8 and then run through a second Amberliite-IR-1 colump in the




. sodium form, The effluent which contains all the plutonium is acidified
(pH ~s2.5) and run through a third Amberlite IR-1 column., The plutonium
is adsorbed on the column. The column is washed with dllute sulfuric acid

. and dilute oxalic acid, and the plutonium is then eluted with saturated

. oxalic ascid solution. '

The plutonium solution is heated with concentrated sulfuric acid to
drive off or destroy the oxalic acid. The plutonium may then be disgsolved
in a few milliliters of acid and concentrated or diluted to any dcsirsd
volume.

The procedgré possesses the following adventages:

1. It is safe since it uses no volatile, explosive, or inflammable'
solvents, '

’

2. It is simple since it uses only standard procedures which have
already been extensively developed on a commercial. scale,

3, It is well sulted to‘remote control procedures since it containb no
steps requiring close or intricate control and no filtratioms ox cemtrifuga-
tions,

4, It affords a means of fractionation of the various fission products,
* providing, if desired, a relatively simple method for obtaining active fission
products to s high degree of purity and free of carrier,

. 5, It is rapid.

6. 1t gives high ylelds- ( >99%) of plutonium and very high decontamina-

tion factors. .

.

The only activity other than UX remaining with the Pu is Zr {and Cb
daughter)., This may be removed very efficiently by any one of sgeveral simple
specific procedures tc give any decontamination factor desired.

13. The Status of the Application of lon-Exchange to »
Plutonium Separation :

J. A. Swartout ;ﬁ%

The ion-exchange procedure for separating plutonium from uranyl nitrate §{fl}
dissolver solutions which was recommended for further testing on a Clinton .

Plant scale in 1944 consisted of the following ateps. Upon passege of a
104 UNH dissolver solution through a bed of the cation-exchanger, Amberlite
IR=1, adsorption of all of the plutonium, part of the uranium, and most of

7 ' the fission products occurred. All of the adsorbed uranium was then desordb
“along with essentially none of the plutonium by flowing 0-25 M sulfurie




T
acld through the bed. A wash with 0,04 M oxalic acid effectively rsmoved /%ﬁﬁ#7
the fission products,. chiefly Zr and Cb, which would otherwise be desorbed '
by the subsequent plutonium elutriant consisting of 0.4 M oxalic acid.
Following the removal of plutonium the adsorbent bed was washed free from
residusl fission activities by a 1.25 M sodium bisulfate wash. In this
procedure a_yield of plutonium of greater than 97%, decontamination factors
of about 102, and a concentration of plutonium by 5 to 10 fold depending
upon specific operating conditions were achieved in laboratory experiments
with "tracer" amounts of plutonium and the fission elements.

In order to demonstrate the effectiveness of such a process for plant
operation it was necessary to show (1) that equally favorable results would
be obtained when operating at the levels of plutonium and fission element -
concentrations which would prevail at Hanford, {(2) that reproducible per-
‘formance would continue over the number of consacutive cycles rsquired for
practical plant operation, (3) thet mechanical degradatiom of the sd sorbant
would not occur during this continued usage, (4) that the adsorptive
properties of the adsorbent would be unaffected by the levels of radiation
oxpected at Hanford, and {5) that remote control operation was feasible,
Efficient performanoe at Hanford concentrations was indicated by laboratory
experiments (CN-3347). The reproducibility of the process and mecbanical
stability of the resin were proved in gseries of semi-works scale experiments
(CN-3346), Tests by Burton's group at Chicago damonstrated the stability of
the adsorbent under radiation. On the basis of these date equipmeant to be
operated by remote control for testing of the procedure in the Clinton Pilot
Plent was designed. Further work on this alternate process was curtailed due
to (1) the successful operation of the precipitation process and (2) the
fallure to achieve sufficient decontamination to permit use of the process
as a substitute for the entire precipitation process, -

Since the future application of ion-exchange processes for the separa-

‘tion of plutonium depends upon the development of methods giving bigher
decontamination factors, work in progress or envisioned is aimed st this end.
Modifications to effect higher decontamination by am "all-adsorption™ process
inelude (1) repetitive cationaexchange eycles, (2) coupling with anion- : \*qub
exchange, (3) use gfﬂﬂtailorg\made adsorbents with specitic adsorpiive J

- properties for certain ioms, (4) the use of comnlexlng agents to preferential=(
ly prevent the adsorption of either plutonium of fission elements, and (5)

the use of elutriants which are specific for certain ion species. Potential
developments to give more efficient and more sconomical operation include
(1) utilization of the entire adsorptive capacity of the adsorbent by employ-
ing three or more columns in a tandem system, (2) investigation of new,
higher capacity adsorbents, {3) improvements Imxkumstrmmemie in instrumentation 1
and (4) the perfection of unique systems such as the counteracurrent alurry

method of MbnéE_’¥}Z@> , -

=



4. The Rare Farths snd £u qua:gtion

E, M. Gladrow

A set of optimum conditions for the separation of the indiviiual _P&V&
rare earths from each other has been obtained by using an Amberlite IR-1
oolumn and eluting with ammonia buffered citric acid solution. Prineiple .
work was done using mixtures of Nd and Pr. The factors investigated were y/ .
pH, flow rate, composition of starting material, diameter of column, %kv
length of column, and the welght of starting samplec, The citric acid comn-

- centration was kept at 5% by weight and the particle size of the Amberlite
used was 40-60 mesh throughout all of the eXperimentso Best separation wa%
obtained when ‘the pH was 2.55; flow rate 1.5 cm 3/cm? cross section/minute,
and weight of sample 0.25 - 0,50 grams of rare earth oxlde per cma cross
section, The diameter of the column had no effect. Incressing the length
of column gave increased separation but also increased the lengih. of time
required for the experiment. Two passes through a column employing 50% Nd
50% Pr in originsl mixture yielded 40% of the Nd with a purity > 99.8%. l

r——

Higher yields then this have been obtained using mixtures of Nd-Sm. The
method can also be applied to preparing other rare earths.

¢

|
]

.15, Separation of the Rare Farthe

Jack E, Powell
' ™~

\,

The separation of rare earths by means of 5% citrie acid solution and \
Amberlite IR-) depends chiefly upon the PH of the solution, the bed length, |
the sample size and the flow rate, The time factor is also importent when .
a geparation is to be carried out on a large scele, since lowering the pH,; _
increasing the column length, decreasing the. sample size and lowering the
flow rate in order to obtain maximum ssparation all greatly increase the ? lz

|

length of time required to proceas a given‘quantity of rare earth mixture,

The cost of the separation process, using 5% citrate under eny set of
conditions, is prohibitive. However, by using & ocitric acid concentration of
0.5% and a pH of gbout 4, an excellent separation was obtained and the cost |

of citrig acld was reduced by a factor of ten.

Resinous Products Chemical Co. have discontinued the manufscture of
IR-1 in favor of the more highly polymerized IR-1CO. Amberlite IR-100 was
compared ‘to IR-1 and wes found to be satisfactory for use 1n the separation
' processo

For the separation of samarium from necdymium and other impurities and
the separation of necdymium from praseodymium on & 50 gram scale, an IR-100
bed 8 feet long and 4 inches in diameter is recommended with 0.5% citrate
solution at a pH of 4.0 and & flow rate of 60 ce¢/min (a linear flow rate of

‘ 0075 Qm/min) L)
]



Samples rich in samarfium were obtained by the sodium amalgem extrac-
tion process of Marsh. Such samples contained europium and ytterbium
along with traces of cerium and lanthanum. These impurities with the
exception of europium were readily removed from the bulk of the samarium
by one pass through an IR-100 column (see. conditions recommended above).

* %

S.T7. Thompson and G.T. Seaborg

16, Use of IR-1 Columns to Separate Elemept 95 from Rare Esrths Cﬁ%?if%%é7

Introduction: Elements 95 and 96, because of their similaerity to the
rare earths are normally present in resre earth fractions when the usual
chemical separations of the elements are made. In general they are more
easily complexed than lanthanum apd more baslc than yitrium, Oxidation or
reduction of element 95 from its trivalent state in aqueous solution is 6o
difficult that a method of separation from rere earths hased on these
properties has not been developed as yet. With element 96 oxidation or re-
duction does not seem to be possible. Obviously the separation of elemenis
95 and 96 from rare earths iz not easily accomplished.

Summary of Experimental Work: Tne adsorption of element 96 on columns
packed with IR-1 resin followed by its elution with ammonium citrate, accord-
ing to the method reported by Cohn and his co-workers at Clinton, provides
a good separation of 95 from some of the rare earths such as lanthanum ang
yttrium, However, our work has shown i% to be not readily separated from
element 61,which is a fission product produced in significant proportions.
In this latter case a Gecontamination factor of the order of two for the
separation of element 61 from element 95 in a six foot column was obtained,
In our studies we found ¥ to be much nmore rapidly eluted and element 61
slightly more rapidly eluted than 95, 61 and 95 were indeed very close 1in
elution characteristios. On the other hand, Ls and Ce were more slowly
eluted than 95. Thus 95 has characteristice placing it in the region of Na
and probably between Nd and 61 with respect to its behavior in this system.
For the latter redson we beve attempted to find other methods for the
separation of element 95 from the rar¢ earth fission producte. We have been
successful in finding a group separation of the rare earths from elements
95 and 96 (and thls separation probably holds for the whole trivalent
actinide series starting with actinium). This methcd involves the use of
fluosilicic acid which 1s & stronger complexing agent for ‘the 95 and 96 than
4t is for the rare earths. Thus it is possible to precipitate lanthanum or
cerium fluorides or fluosilicates rather completely,leaving nearly all of the
95 and 96 in a solution containing a high concentration of fluosilicate. It
is interesting that we did not obtain a good separation of 95 and 96lrrom
the rare earth fission products by elution from an IR-1 column with a mixture
of HCl and fluosilicic acid. The conditions were such that the elution took
place at a suitable rate put both groups came off together. Consideration
of these data together with that obtained with eitrate might suggest that
elements 95 snd 96 are more strongly adsorbed omn IR-1 than the rars earths




and that the former are also more strongly complexed by citrate than are
the rare earths. Since according to Feterson, actinium in the IR-1
citrate system is even more slowly eluted then is La, the positions of
95 leads us to suggest that the trivaelent actinide series is analogous
to the rare earths in behavior in the IR-1 cltrate system, the difference
between individuals being of sbout the same magnitude, and in the same
direction with increasing atomic number. Thus element 96 should be more
rapidly eluted than element 61 although the separation of these two might
not be highly efficient, ‘

Column: 7 ftolengph
0.7 to 1 cm diem.
packed with 40-60 mesh IRy

Conditions used in Separation -

Activities adsorbed on. column from 0.1 N.HC1 solution. HCl washed out
with water. 5% Nt/, Citrate of pH 2.75 passed thru column, a large number
of fractions eollected usually of 5-10 ml vol. Each fraction analyzed for
total & and B~ activity. Comparison of 95 in separate experiments with lLa,
Y, and 61 was done in short column of length 12" and diameter 1 cm to determine
the reiative positions of the elements with respect to each other.

17, _Ton-exchange Work involving Actinium

?
So Petﬂl‘son ~— %CIL}/ 0 ] %

Almost tcomplete separation of tracer gquantities of asctinium and
lanthanum 18 obtained by eluting the sdscrbed mixture from IR-} cation
exchange resin with a 0.25 M citrate solution of pH near 3. To separate
actinium from larger quantities of lenthanum the column must be sufficlently
large to adsorb the mixture on a small fraction of the resin bed. A
column 1.1 em., diameter and 55 ¢m. long is sufficient for 0.20 g. lanthanug.

Tracer experiments have demonstrated that eleven column volumes of
0.25 M mono-ammonium citrate would quantitatively elute Ac from IR-=1, but
would elute only one part in 10% of Raé This was used to saparate the
AcRe? produet from pilOabombarded Ra®2®. The behavior of the radium series
activities showed that Pb follows Ac in the IR-1 process°

L

. 18, Adsorption Behavior of Protagtinium on Amberlite
‘ IR-4 and Amberlite IR-1

i
’

~
. /
/

Q. Van Winkle (presented by D. Osborne) f
. . r\—\\——" ’ ’ .
Batch adsorption studies on fluoride solutions of protactinium were

carried with Amberlite IR-4 For HF concentrations between 0.1 and 2.7 N C£%h§9‘

and HNOz concentrations between 0.2 and 0.9 N; it was observed that




| g X (NOg)
1-X A7)

was approximately constent, where X is the fraction of protactinium
adsorbed. This seems to indicate that an equilibrium between sirgly
charged and doubly charged anions such as -

| F 4 PaOgFy" PaozF:

controls the degree of adsorption of Pa on Amberlite IR-4.

Column tests showed that the Pa-fluoride complex is readily eluted
from Amberlite IR-4 with solutions which are 0.3 %o 1.0 N in HNO4.
Separation of Pa from Fe and Ti have besn achieved by elution with 0.3 N .
HNOS. . . .

—

Column tests with Amberlite IR-1 showed that the use of O.1% H0_ in | )
1 N HC1 as an elutant would effect a separation of T1 from Pa, sg 2
0.5% oxalic acid was found to be a useful eluting agent in separatlng Pa
mm Zl‘ end Cbe e

x &

19, Remote Control Methods in Column Adsorption Operation

G. W, Parker

{(no abstract rece&vad)

* X

20, New Engineexin549681gns for Adao:ption Processee

G, P° Mbnet

The new engineering design 1s a continuous process where a resin
slurry is contacted in a column in parallel or counter-current flow with
a feed containing the adsorbate, The resin slurry is separated from the
exhausted feed, washed clean with water, and cycled as a slurry to the
next column, In a similar fashion, the product :is desorbed from the resin,
and the resin is regenerated before recycling to the first column as fresh
adsorbent. .

& &

'23. Analytical Applicetion of Ion Exchange to-the "
Separation of Thorium from Uranium .

o R. W, Bane , | 4449%;7

. Amberlite Resin IR~ has been employed to separate the strongly
adsorbed Th™™ ion from the weakly adsorbed U0+ ion., The eddition of
hy@roxylamine to the influent liquid and the use of dilute hydrochloriec

v




acid to elute adsorbed Uoz makes it possible to achieve a quantitative
separationo

The method was developed specifically for the determimation of
Thorium in Uranium - Thorium alloys containing 1% to 10% thorium.

A dilute nitric acid { < .1 N} solution of thorium and uranium con-
taining hydroxylamine is passed thru a column of Amberlite IR-1 resin.
Adsorbed uranium is eluted by passing thru dilute hydrochloric acid. The
thorium is eluted by passing thru a sodium bisulfate solution. The eluate
containing the thorium is made ammoniacal and the thorium hydroxide

- filtered off. The precipitate is dissolved with dilute hydrochloric aecid,
and the thorium precipitated as the oxalatep ignited and weighed as the
oxide,.

G-

. \ . )
Recoveries of thorium from control samples 1s better than 9%%.

& =X

' 22, Separation of Pu and Other Substances

from Biological Materials

E. R. Russell and J. Schuberst

Plutonium is extracted from liter quantities of urine with a resinous
‘cation exchanger. The method involves adsorbing Pu from acidified urine,
washing away part of the organic¢ end inorganic impurities adsorbed on the resin
with dilute hydrochloric acid., The plutonium is eluted with strong HC1,
the eluate evaporated and diluted with distilled water. The adsorption
elution step is repeated. This time the Pu is contained in a small volume
(~~50 ml) so that the solution is evaporated and mounted directly on a large
platinum disc and counted. Yields have averaged 8&%.

. The adsorption and elution.of purines and other urinary constituents
"have been studied by Dr. S. Schwartz and associates. They find that adenine
sulfate and guanine are quantitatively adsorbed by.the cation exchkange resin
IR-100 H from neutral solution. They are desorbed by 6 N HCl on 1 N NaOH.

Uric acid is poorly adsorbed by IR-100 H, as is8 a mixture of pentose nucleatides.

Coproporphyin in solutions weakly acid or alkaline is adsorbed by the
anion exchanger, 1R-4 and is desorbed by 2 N HCl or a mixture of methyl alcohol,
water, and acetic acid. It is also adsorbed by IR-100 but attempis to desord
it have been unsatisfactory.

Kynurenic acid in neutral solution 1s adsorbed by IR-4 and desorbed by

1 K HCl. It is poorly adsorbed by IR-100 H. This is to be expected because
at a pH 3 7, kynurenic acid is an anion in true solution and . hence does not

enter into catlon exchangse,



March 19. Physics

23, Uranium Resonance Absorption

N. Goldstein

With pile nautrons and daplzﬁgd U3°8 the effective

G‘—-—-
E

was measured for uranium metal, various mixturee of graphite and U3°a° and
graphite using the o dg

for indium as a comparison. Scattering effects of foil materials and
adequate thinness of folls were carefully checked. The results were plotted
'as & function of scattering cross-section per uranium atom. For metal,

8.2 b/U, scattering cross-section, the

I 5

E
is 9.4 ¥ 0.5 b, for graphite, the other end point, the

4B
g £
is 237 ¥ 3b. The error does not inciude the errors involved ln the con-
stants J‘ o ar \
. B

for Ing(thermal oross-sections for In snd 238) which were about 10% and
would raise or lower all the velues proportionally.

* *
24, Cross-Section Measurements with Pile Osoillator

C. D, Moak

Development work on the Clinton Pile Oscillator having besn completed,
a description of the instrument and its electronic equipment was given.
The electronic synchronizing circuits and power supplies were discussed.

The program of measurement thus far is centered around the measurement
of ecross-sections of small samples of enriched isotopea. Some interest
was expressed by the Theoretical Group in the measurement of the isotopes
of Fe.. 1t was thought possible that one of the low abundance isotopes of
Fe contributes strongly to the total cross-section of Fe. The 2% Fe 57 has
been measured and ruled out, heving a cross-section less than 3.0 barns,
The separations are belng performed at Y-12 end it is hoped that samples of
the other Fe isgotopes will arrive soon.

Some interest was expressed in the difference between the danger

- coefficient and activation cross-sections for Cb., MNeasurements with the
pile oscillator indicate a 1.45 barn cross-=section which agrees well with

other danger coefficient type measurements.



-~ 25, Temperature Characteristics of the Clinton Pile

A; J, Ulrich

I. Barometric Effect

Measurements are made when other factors affecting reactivity
are constant and a large barometric change takes place. Best value is
'='004‘t 0005 1nhr/m Of Hgo

11. Temperature Effect

When cold pile is brought quickly from zero to a constani power
with conatant air flow a reasctivity transient is established which upon
enalysis shows two components, the first due to the metal temperatures
rising alone with a half-period of about 1.5 minutes followed by the
second due to the metal and graphite temperatures rising together with a
half period of about 1 hour,

Best values operating metal temp. coeff.

" " " graphite

" " " Tot al

-0,3% 0,06 iphr/°C
""008: 001 "

"lolerel r

For a uniform temperature distribution of the pile in vacuo

uniform matai temp. coeff. = -0.4 éghr 2 =1,0 x 105 K change
" graphite " " 2 =1,9 = ~4.7

" total " "

i

=2o$ - “’5‘?

On the basis of these values the following evaluations were made:

Morrison's values Cur values
Metal coeff. = ArK = -1,3 x 10°° , «1.0 % 10D
: MK = -2.7 '
DK - #4.6
&'IK = "’giov . ’ . ‘”’60‘6
Graphite coeff, = Ay K4+ A K + A’lK = =7.7 4.7
Total coeff. = by E+4; K+ Oy E+BpK= -9 5.7

I, Xenon Effect

72 hours are required to reach 99% saturation. At saturation poison-
ing is 26 inhr/megawatt. This corresponds to Xe = 2.9 x 10% verns.
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26. Studies of Capturs Gamma Rays

S. Dancoff and H, Kubitschek

A neutron beam from the heavy water pile is allowed to fall on
various targets and the gemma radiation resulting from neutron cspturs is
studied. The maximum energy of such radiation is determined for 17
targets. It seems indicated that this method _measures the binding energy
of the neutron.

The "yield" of gamma rays from nsutron capture is defined as the
response of a GM tube in & certain specifled geomstry per neutron captured
in the target. This yield, which would be the same.for ebsorbers which
gave off identical gamms spectra, is found in fact to exhibit considerable
uniformity for over 30 materiasls investigated. In this experiment, which
is preliminary as far as yleld measurement is concerned, only thermal
neutron beams have been used.

* %

27. Some Measurements with the 180° Beta-Ray Spectrometer

Po' we LBVY

The measurements described below were made with two different
spectrometers, (a) a 180° beta-ray spectrometer that employs G.M. tubes as

-the detecting device, (b) the second is photographic spectrometer similar

to the one used by Ellis in his classic work on the conversion electrons
in naturel radioactivities. The colls of the magnet in which these
ingtruments are used have 44,000 turns end utilize currents on the order
of 80 milliamperes. Usually magnets of this type have coils of several
hundred turns and utilize currents of several amperes. This arrangemen®
was designed so one could use a high voltage rsctifier and regulate the
field current electronlcallyo

The beta~ray or coupter aspectrometer was used to determine ths
spectrum of 2.7 Day Aul98, The end point of this spectrum is .91 mev. and
the X, L and M conversions of a gamma ray of .41 mev. is superimposed on it,
The same activity was investigated with the photographic spectrometer and
the value obtained for the gemma ray energy was confirmed. The rsgion of
HQ = 1000 to H®, = 75,000 was investigated and no other conversiom
lines were observed. A conversion line of approximately 1% the intensity
of the observed Kline should have been deteoted with either of these instru-

v mntSQ

In the game fashion the beta spectrum of 60 day Iridium was measursd

' with the beta-ray spectrometer and conversion lines that were found super-

imposed on the beta spectrum were confirmed witih the photographic

- spectrometer., The end point was observed to be .622 mev. and 29 couversion

lines attributable to 12 gamma rays were superimposed on the spactrum.®



It is interesting to note that several lines that did not show up
above the statistical fluctuations on the curve taken with the counter
spectrometer were detected with the photographic spectrometer.

Just recently the beta spectrum of 614 was run with the counter
spectrometer,

Because of the extremely long half-life of ¢1% go much materiel wes
required that the source was far from ideal and even with this source the
peak was only 10 times background. However, the end point obtainad,

.14 mav08 is probably accurate to within 5%, .

- * A detalled analysis of thess lines is contained in MON-P-3.

-

& &

- 28, The Double Crystal Neutron Spectrometer

R, B. Sawyer

A beam of neutrons reflected from the surface planes of a Nafl crystel
falls on a second crystal end the transmitted beam, reflected from interpal
. erystal planes is studied. The first erystal is surrounded by a paraffin.

. cadmium-lead shield, through & hole in which the reflected beam emerges to
strike the second crystal. The first crystal is set to reflect ncutrons
of 0.07 ev energy end the beam has an angular divergence of about 1° 30°,

" corresponiing to an energy interval of 0.02 ev. An enriched BF, counter is
used as a detector. A small electric motor is mounted so as to rotate the.
second crystal at a constant sngular velocity, ¢ , of 30 minutes of arc
per minute of time.

By setting the counter at the proper angle to receive the Bragg
reflection from a particular set of plenes and rotating the second crystal
through the reflection peak, the integrated intensity, E, of the reflection
is registered on the scaler. The crystal is then removed and the intsensity,
Po, of the incident beam is measured. The coefficlient of reflection is
defined, as it is with X-rays, as

__Ew
3.‘ Po

Using NaCl as the sacond corystal, values of R are obtained of the same
magnitude as those found with X-rays. Rotation of the crystal about an

axis normal to its surface may vary R by .a factor of as much as 1.6. This
may possibly be due to internal sirains introduced in the process of ecleaving.

- X-ray theory shows that, for a given crysﬁal,

R sin 2 € cas Q = ponstént x an



o

progress.

whera 8 is the glancing angle which the beam makes with the reflecting
plsnes, ¢ is the angle between the beam and the normal to the crystal
surface, and F 1s the crystal structurs factor. ©, ¢5 and F are
functions of the particular set of planes used for reflection., The fol-
lowing table shows some preliminary values.

Planes Used R R 8in 2 6 cos 0O
(200) 5.36 x 10~4 1.97 x 107%
(400) - 3.41 , : 2,22
(600) 1.44 ‘ 1,13 (value questicnable)
(220) 4,56 2.07 (two different crystal
: : (orientat}onsa
(220) 4.22 o zaa
{111) | 3.21 ~ ' ' 0.9

(311) 1.43 ' 0.86

It is seen that the velue of F for planes having even indices is
quite different from that for plenes with odd indices. Further work is in

-

* %

29, Magnetic Moment of the Neutron
W, H. Zinn

The large neutron flux available from CP-3 should make possible a
more accurate determination on the neutron magnetic moment using the
method of Alvarez and Bloch (Phys. Rev. 57, 111 (1940).

The scattering cross section for neutrons oriented with their megnetic
moments parallel to the field in a block of iron is different from the
cross section for anti-parallel neutrons. The increased transmission for
one .component results in a transmitted beam that is partly polarized and in
an increased total transmission. If a neutron beam passes thru two
separated blocks of magnetized iron, such g3 tween the pols pleces
of magnets I and I1I ns shown in figure 3,athe inténgity of the transmitted
beam will reflect any depolarization that occurs between the two blocks., °

In order to find the neutron magnetic moment & coil, whoee axis is
colinear with the neutron beam, is placed between the pole faces of magnet
11 and generates an alternating field of several megacycles, The neutrons
will precess in the field H of magnet 11 with a frequency f given by

£ = 2ull/h

where u is the magnetic moment of the neutron in nuclear Bohr magnatons
(eh/4 7T Mc) and h is Planck®s constant. If the frequenscy of the oscillating

’

™~



field is‘made equal to this Larmor precession frequency, the polarized beam

from magnet I will be depolarized and the transmission through the iron in
magnet III will decresse.

.The change in transmission with increasing magnetic saturation of the

iron is shown in figure 4 in report CP-3490. The upper curve shows the

ratio of magnetized to unmsgnetized intensities with the blocks of iron in
‘magnets I and 111 magnetized in the same direction, The lower curve is
obteined when 1 and 111 are magnetized anti-parallel, and gives an ipdication
of the amount of depolarization which occurs between the magnets due to stray
fields. 1f no depolarization occurred the ratio for the lower curve would
‘be 1.0. If magnets I and 11I were magnetized in the same direction, and
complete depolarization was achieved in magnet 11, one would expect & 'dip®,
or decrease in the 'intensity of the transmitted beam, of one half the dif-
ference between these two curves -- about 4%% at 250 ma. These curves also
show that saturation of the 3 cm armeo irom blocks is not complets and that
if higher fields were obtained the dip would be 2 or 3 times es large,

in report CP-3490
Figure 5b/shows the dip in intensity which occurred when, with a 10

megacycle alternating field in the r.f, coil, the field of magnet 1l was
. increased through rescnance. The current in I and IIl was 250 ma {about

6100 oersteds), the polarizer and analyzer were armco iron blocks 2.54 x

2.86 ¢m in area and 3 cm thick in the direction of the beam. The dip was -
4% of the total intemsity of 12,000 cpm on the BF; counter. The besm was
collimated to 2.5 cm high and 0.9 em wide. The field of magnet 1l was
measured to be 3370 I 70 ocersteds. This gives a value of the megnetic moment of

o 7 =27 2
u = £ h = 10" x 6,62 x 10 = 0.978 x 10‘23
2 H 2 x 3390

~

or 1.94 ¥ .04 nuclear Bohr magnstons,

Bloch and Alvarez obtained 1.93 ¥ .02 for the moment, but since the probable
errors overlap so fur the difference is not significant. The frequency of the
oscillator wasst to zero beat with the 10 mc signal of WAV of the National
Bureau of Standards so practically all the uncertainty ino our result is in

the measurement of H. Fig. S5a in report CP-3490 isyobtained at 5.3 me and .
1800 oersteds. : & dip

At present an attempt is being made to measure the proton moment in the
same field that is'used for the neutron., This would give the ratio of the
two moments in terms of a ratio between two frequencies which could be measured
with high accuracy. A permanent magnet has been constructed with a field of
1880 oersteds, uniform to 0.5% over an area of 3" x 57, to replacs magnet 11,
and extra coils have been added to magnets I and 1II which increases their
fields by 36% for the same 250 ma to which heating limits them.



30, Preliminary Msasurements of 014 Radiation with
an Jon Chamber and Vibrating Diaphragm Electrometer

R, K. Swank end William P. Jesse

Preliminary measurements have been made of the ionization produced
by thin s61id samples of C1%4 in the form of sodium carbonate and sodium
acetate in a specially designed lon chamber coupled to a vibrating-
diaphragm electrometer. This chamber is fitted with a drawer which
pulls out to receive the sample, usually mounted on aluminum foil. The
measurement is made by timing the travel of the needle of the output
meter over its scale. The electrical capacity of the system is 20 m.m.f.
and full scale voltage sensitivity is 100 millivolts. - The samples were
kindly furnished us by Dr. Finkel, who gave us a rough estimate of their
activity in disintegrations/sec based on measurements made by him with a .
mica-window counter. Our measurements with the ion chember system on
thin samples have so far proved quite as reproducible and reliable as-
those made with a mica-window counter. A set of tem different measurements,
each of 20 minutes duration, gave a standard deviation from the mean of
%%, No single measurement differed by more than 5% from the mean., This
sample would count about 30 ¢/min above background on a mica-window
counter. o :

*

31, The Half-Life of ¢1%

by L.D. Norris

Several samples of BaCO, containing c14 were enalyzed by Dr. A. J.
Dempster’s group ir Chicago. Small weighed portions of these samples wers
then counted in a low absorption counter to determine the absolute dis-
integration rate. Then, very simply,

.69 N,

T_I‘_S

E Ny

The low absorption counter was of the usual type, i.e., a counter tube
(with a weightless zapon window), mounted in a large, glass desiccator
fitted with a rotating tray of aluminum absorbers, This counter was
standardized with UX, which had been evaporated upon rilms of weightless
zapon’ in order to-eliminete backscattering.

Portions (approximately 0.15 milligrams) of the BaCO, samples were
welighed on a micro balance;, transferred to holders of ome mil alumlnum,
slurried in alcohol by means of & micro stirring rod, dried, and counted
in the low absorption counter. Upon making a previously determined back-
scattering correction, the total number of disintegrations in the sample
were obtained, and T% calculated. Two weighed portions of one BaCO5; sample
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gave values for 2% of 20,000 years, and 18,000 years. Since this counting

work is stil) in & preliminary stage, we shall not attempt to evaluate the
significance of the above values for the half life.

* ®

32. Cross Sectione for Fission Neutrons

by D. J. Bughes

The work previously reported (CF-3403) on radiative capture cross-
sections for fission neutrons showed extremely low values for light elements.
We have now extended the measurements to (n -~ p) and {(n £ ) reactions for
the light elemsnts, where in some cases the cross sections exceed the (n ¥ )
cross-sections. The values obtained for the average cross-eection for
fission neutrons range from 0.0l milliberns for the 016 (np) to & mb for the
Be(ncx.) The average cross-sections decrease with increasing threshold
energies roughly parallel to the decrease of the number of neutrons in the
fission energy spectrum, hence give information on the extrapolation of the
spectrum above measured values.

* ®

33, Mass Assigoments and Enrichments

by A. J. Dempster

A sample of carbon 14, sent to us by Dr. Snell, has been analyzed by
Mr, Inghram with a Nier typa mass spectrometer, The sample was in the form
of barium cerbonate and garbon dioxide waa obtained, on the advice of Dr.
Willard, by simply heating to about 1000° in a quartz tube, The amall
amount 002 given off at low temperaturss was not as rich in carbon 14 as
the main amount, suggesting that the absorbed carbon dioxide from the sir
will exchange in time with the carbon in the barium carbonate. The two
samples had 3.35 and 3.23 per cent of carbon 14. A recent mass assignment .
is the 13 hour palladium isotope to mass 109 and not to 107 as was once
supposed. The apalysis of the neodymium samples prepared by Dr. Gladrow at
Ames by adsorption processes are still uncertain. . There appears to be. an
enrichment of the light isotopes in the tail fraction. However, there are
alterations in the heaviest isotope at mass 150 that cennot yet be inter-
preted.

* %
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34 . F&ssionabilitj Studies: Po and Np

by J. J. Floyd

' Samples of Np 239 and POZIO‘have been studied for thermal fissiopability.
The method used was photographic involving special treated commercial
materiala., The sample for study is placed in contact with the photographic

‘ —



plate and exposed to thermal neutron flux of 1011 neutrons per square
centimeter. The exposed photographic plate is studied for fission tracks
with a high power microscope., Limiting cross sections may be determined
upon the basis of the number of events observed. The eross section of

Po2l0 jig certainly less than 10™“° centimeters? and the cross-section.of
Np is 'probably less than 3 x 10-% centimeters®.

B 3

35, Recent Results of Heavy lsotope Work

by Glenn T. Seaborg

A, Properties of Element 95

I. Ozxidation states.

The most stable oxidation state in aquecus solution is almost certainly
III. This conclusion is based on (a) the pronounced similarity in chemical
properties of aqusous solutions of element 95 and of the tripositivs rare
earths, (b) the adsorption-elution behavior of 95, relative to the rare
earths, on amberlite columns (the behavior of 95 is that expected for a
tripositive ion having the redius predicted for the sixth member of the
actinide series) and (c) the similarity of the aqueous .solution sbsorption
spectrum of element 95 to that of tripositive eurOpium, its rare earth -
analog.

A higher oxidation state may be obtained by oxidation with bromate in
~15 M HNOz. The formal oxidation potential of the 95 (III-III 4 x) couple
in 4 M HNOg is almost certainly more negative than ca. -2 v (since there is
no oxidation by Ag** in 4 M HN03)

In alkaline solution the flesh pink color ofthe solid hydroxide,
95(0H) oxnzo is changed to reddish brown by the eddition of Hy0, or CLO™,
_ Thls may evidence for oxidation in alkaline solution.

The IV state is known in the black oxide, 950, (identified by W. H.
Zachariasen). This oxide is obtained by igniting the nitrate or the hydroxide
of the 11I state in air at 500-6C0°C. There is some preliminary evidence'
that thermal decomposition of the dioxide {presumably to the sesquioxide)
may be brought sabout at higher tempera’oures°

Polarographie evidence of a very prellmlnary and tentative nature indicates
that 95(IXIX) is reduced at the dropping mercury electrode at a potential of
ca. +0.8 v (latimer coavention).

11. Compounds.
In addition to the compounds already mentioned, a trifluoride has been

prepared by precipitation from agueous solution9 and a trichloride by the
action of 0014 vapor on the oxide at 700°C .



I1I. Aqueous ions.

The color of aqueous solutions of the tripositive lon in 1-2 M HNO4
or HCl is pink. The absorption spectrum of the aqueous ion in 1 M HNO4
has been determined in the region 350-1200 millimicrons, using the Beckman
quartz spectrophotometer. The characteristics of the principsl absorption
bands are as follows: '

Location of Apparent Half-width
Maximum (mm ) E (mu )
503 + 1* 300% 5%
812 s : 60 30
987 ¢ 2 20 15

| *Not completely resolved by the spectrophotometer.

In 15 M HNO; a meximum occurs at 506 T 1 Wy s and there is a
pronounced decrease in the wvalue of E,

IV, Emission spectrum,

Pifty-one lines in the emission spectrum {copper spark) of element 95
~have been determined by Mark Fred and Frank Tompkins. The wave lengths of
ten of the most prominent lines in the region 2700-4000A° are as follows:

3926.24 (Probably unresolved triplet)
3696.43 :

3151.88

3038.39

2972,.57

.2969.29

2966,71 :

2920.61 (Strongest 1line)

2756.55

2755,78

About 0.4 microgfam of the element may be detected spectrographically.
V. Specific sctivity apd half-life

The specific activity has been determined as 3°6x106 counts per minute-
per microgram in a standard "50%" counter. This figure corresponds to a
halfr-1life of ~-490 years. The error in these figures is slmost certainly
less than ¢ 30%.

’
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B. Fisslonability of Heavy Isotopes ]
Barns Chemists RéSpoﬁéible
O} for Purification
88 Ra 223 (acX) <100* Paterson
226 <1.1x0t Ames
228 (MaThl) <2 | Peterson
89 Ac 227 < 20 Peterson
90 Th 227 (RaAc) - 540 % 200 Peterson
229 40% 10 Studier
230 . £ 0.0012# Van Winkle
*232 . =2 x 10°° ¥ Ven Winkle
91 Pa 231 0,010 % .005 Ven Winkle
233 <0.1 Studier, Hageman
92 U 232 ot 10 Van Winkle
93 Np 237 0.028% .005 Osborne, Hindman,
Magnusson
94 Pu 238 £18 . Osborne:
240 €180 wWestrum, James, Florin
95 Am 241 £2.8 Cunningham
96 Cm 242 ( ~600)* Thompson, S. G.
.
# Since h®3% contained T™Z? value for Th232 was used to get net effoct
due to Thzso
D 172 95%1 ¢ = 2.8b and no Pu®® contemimation.

‘ C. Suggested Names for ﬁlements 95 and 96

Elements 95 and 96 should of course have names and we propose the
following in which these actinide elements are given names by analogy with
the corresponding members of the lanthanide earths. We suggest for element
95, with its six 5f electrons, the name "americium", symbol Am; thus this
elemant would be named after the Americas, or New World, by anelogy with
europium, with its six 4f electrons, which was named after Europe. For

element 96, containing seven 5{ elecirons, we suggest "curium™, symbol ang
after Pierre and Marie Curie, historicel leading investigators in the field
of radioactivity; this is by analogy with gedolinium, containing seven 4f
electrons, which recalls Gadolin, the great investigator of the rare earths.




"36. Cyclotron Bombardments of USoo

by Martin H. Studier

Low atomic ggéght neptunium and plutonium isotopes were prepared by
bombardment of U with 22 Mev deuterons and 44 Mev helium lons, A 4,5
day orbital-electron cepture activity (sccompanied by a 1.8 Mev gemma ray)
is azsigned to Np®>%, The limit of alpha branching is set at < (.01%.

An isotope with an apparent half life for alpha decay of ~+ 10 hou.s and an

en%ggy of ca 6 Mev is assigned to Pud%, The absence of any evidence for
indicates its half life for decay by orbital-electron cepturs to be

"< 12 hours or > 5 years. A 40 day orbital-electron capturing isotops pre-

viously assigned by James, Florin, and Hopkins to Pul3d op pucd may now be

degégitely assigned to Puéz"’° Evidence for the reaction U233 {d, =< n)
was found. . ' ‘

!
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37. Production of Actinium from Radium:
Properties of Actinium and I4s Daughters

by 8. Peterson

(No'abstract received)

L

March 19, Chemistry

38, Contributions to Radio-Chemistry of the 104 Day YO

by R. Overman

The gemma-emitting, long-lived yttrium isotope from deuteron hombard-
ment of strontium is used in .various fields of applied radiochemistry. Data
are given for a highly purlried preparation of the isotope. Radiation absorp-
tion curves are presented with a discussion of  secondary effects observed in
standard counting procedures; under conditions of low scattering and magnetic
deflection of Compton electrons, & component was discovered which corresponds
to the K X-rays of strontium. The bhalf-life was found to be 104 T 2 days.
Mass spectrographlc analysis of the sample by Dp.R. L. Hayden of the
Metallurgical Laboratory shows the radiations arising only from mass 88,

Bombardment. of yttrium with high energy neutrons gives the two isomers
of Y88, 6f 2,0 hour activity and the 104 day activity, the 60 hour activity’
of Yo , the 55 day activity of sr89, Absorption measurements of the positron
energy associated with the 2.0 hour activity give a value of 1.65 flev rather
than the 1.2 Mev value reported in the literature. This new value is in
better accord with the theory of the existence of independent isomsrs.
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39. Summary of Fission Product Investigations at HEW 0

by W. H. Sullivan

Experimental work at HEW was directed to esteblish the existence or
provs the absence of certain long-llved activities which heve been reported
in previous project and published literature or which theoretlcalty could
be present, according to the Bohr-wheeler calculations for unstable nuclei.
Most of the activities which were sought occur in olements whose isotopes
lay on the extremities of the fission yisld vs. mass number curve and which
could be studied most easily in solutions of high specific activity.

A summary of these investigatlons is included below.

1o Activities in daughter extractions of active Ce.

" The trans-~Ce activities derived from Ce parents which had been reported in
previcus project literature do not exist in pile fission materigi, Acco;dxng ,
to experimental evidence the "55d Pr" was probablx due to 57& Y+ contamina-
tion.; the 114 "trans~Ce" was due to the 151d Prk contamination; and the
*ly trans=Ce" activity, to the 275d celds activity.

20 Rh ’ ' - ) .
No long-lived Rh activity is produced in pile fission. Calculation of the
upper 1imit of the fission yield leads to the value of <6 x 10°7% for a
Rh isotope of ~.,254 half-life. '

| 3. Mo :
No long-lived Mo activity is produced in pile fission., Calculation of the
upper limit of the fission yield gives a value of <:4 x 10-% for a Mo
isotops of ~ 604 half-life.: _

4, Element 43. = ‘
A long-lived activity heving decay and radiation characteristics unlike any
fission product thus far identified was found in 25 gt material; Estimates of .
‘the half-life, meking assumptions concerning fission yield %nd chemical recovery,
lead to a value of >5 x 10% yr. and probably less than 10

S, Pd
No long-lived Pd activity was found in the plant dissolver solutlon, If !
PalO? ig long-lived, its half-life must be of the order 108 years.

6. Sn
A long-lived Sn activity with a half-life of 1304 was identified in the pl&nt
dissolver solution. It was found to emit only beta particles whose maximum
energy according to Feather analysis was 1.5-1.6 Mev. The fission yield was
observ?gaa? be 0.0012%. The ?ctivity is probably an isomer of either the
- 104 Sn or the 62b Sn activity, both of which decay to ctable
antimony isotopes. ' o

i

7. Sb
The sontroversial long-lived (250-400 day) Sb ectivity was found to exist. Its
half-life as determined by measurements over several months was .--2.7 years.-
Associated with this activity are ~~ 0.5 Mev electrons, 0.5g Mev gamma rays,
and ~.,0,026 Mev x-rays. From considerations concerning the fission yields,
possible isotope assignments and decay mechanisms, it is considered p0331ble
that the activity is a nuclear isomer of stable isotope sp12d,



8., I
An I sample, whieh was collected from the stack gases in a scrubber column
and_which at the end of bombardment contained more than 40 curies of 84
11“L as based on an extrapolation of the experimental decay curves, was -
found to contain only As30 counts/minute of a long-lived activity after
371d of decay. Calculations of the lower limit of the half-life for isotope
Il lead to a value of > 3.8 x 10 yr., if opservable @‘ redietions are
present.

9. As

No long-lived As activity with a half-life of 40-400d was found v be formed -
in fission with a yield » 5 x 107

N

¥ %

40. _Deuteron and Helium Ion Bombardment of PaZSl
by D. W. Osborne, R, C. Thompson and Q. Ven Winkle

(Prgsented by D.W.Osborne)

~

‘Bombardments of Paz31 by 22 Mev deuterons and by 44 Mev helinm ions
have produced two new uranium activities, in addition to U and USR; g
4.1-day x-ray activity believed to be due to K-capture by U 231, and a 1°5~
day alpha-activity tentatively assigned to U%29, Repeated milkings of
thorium from ihe urapium fraction 1§ilated after the deuteron bombardment
.have shown that the half-life of U for alpha emission is over 100 years,
corresponding to an alpha branching of less than 0.01%. The only activities
found in the protactinium fractions were the previously known ;5 emitting
Pal32 and,Pa2 0, althbough there wes some evidence for a daughter of Pa‘?'g9
(kgggn from previous work to be an alpha emitter with 33-hr. half-life).
emits a gamma-ray with 0.8 Mev energy, and the Feather range for the.
£ 1is abgyf 450 mg/cm® in aluminum (1.1 Mev). The half-lives for
Pa®2 ana Pa®’, as determined by decay of the radiation through 5 g/cm? of
lead are 1.4 days and 18.2 days, respectively. .The neptunium frauction from
the helium ion bombardment had & 4.3-day x-ray and gamma activigg probably
Np , which had also been found in deuteron bombardments of UR35 ang 0235,
and an unidentified softer Geliger activity with 1.5-day half-life. '

41, Color Production in Lithium Fluoride by Radiation

) " by Arilid J. Miller

Crystals of synthetic 1ithium fluoride are colored by electron x-ray,
and pile radiatlon (neutron) The principal effect of pile radiatlon is
caused by the LiS(n, ~ )H® reaction, the o and HO particles having a total
kinetle energy of ~-4.6 Mev.,  Qualitatively, the-color depends upon the
amount of irradiation, and progresses from a light green to a deep red on
sufficient exposure, The absorption spectra of these crystals, colored by,
the various radiations, show discrete bands with peaks at 250, 310, 375, 445,
and S50 mu which are identical in position for the different irradiations,
and are identified as F, R, R, M, and F'-bands, respectively. Heating a%

300°C restores the orlglnal Trensmission, ' , .
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42, lBehavior of Pu in the Prasence and
Absence of Citrate Solutions

by Jack Schubert

[}

Fig. 2 shows how the ultrafiltrability of plutonium declir:.z with

o

increasing pH

90

%
diffused

50

MY 'y & . & . Fi8° 2

The drop at pH 2.5 is due to polymerization. At the same pH, material begina
to adhere to the membrane. Addition of 10~ m. citrate increases diffusion
markedly; at 10°% m. citrate, diffusion becomes complete, and no sticking

. to the membrane is observed. This is the result of the formation of a

plutonium-citrate complex. Fig, # shows how this complexing affects the
~ edsorption of-Pu on IR-130 resin. '

- 708+ | - |
no citrats
citrate added
, - Fig. 3
1 .
/ 1. : é "3 pH

Prom these observations, the complexion curve can be derived:



% .

Compleiion

5|~~~ - ~

1
)
|A
\ )
2.0 '2,5 pH

)

1 .
Iv .. . 111
PY hes a stronger tendency for complexing with citrate thax La or
Ball: the pﬂ“i corresponding to 50% complexing are 2, 3 ard 4 for ¥Yu',
I.allI and Bal respectively, / .

/ ~
: ‘There is some evidence that Pu complexes with proteins in blcod. This -
is to be tested by ultrafiltration.
* & ,
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43. Potentlials of Pu Couples

by K. A. Kraus (Clinton)

Trivalent plutonium in EC1 is probably not complex up to pH 7. From
there on, complexion occurs,

paoT 722 ;5 pu (o) T ——— Pu(cH),

Tetravalent plutonium probably forms free Pul¥ - ions in strong acid,
but begins to hydrolyze at pH P 1. ' ;

‘ K 1.3-1.4 Repid polymerization to colloid
putt P %5 pu (om)®t 2R POV >

[

+0,2 . ' .
Pu(CH) 3.8 —_ precipitation
n .

- Pentavalent plutonium presumably is Puoz‘" up to 0.5 N acid, It does
not hydrolyze up to about pH 9 (pK = 9.7).

Hexavalent plutonium is supposed (but not actually proved) to be .~Pu027 7
up to about pH 5. It then hydrolyzes ' _

‘ , .
-

/
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~

Pu0y +—L_; Pu0p (OH) y—— Bt 9.8 ———— Pu0, (CH),

We can accordingly predigt the Hudependence of E for several Pu-
couples. For exampls, the Pu potential should®ve 1ndepenuent of
pH below pH 7. At pH 1.5, when PuW repidly polymerizes, E, chansss with

4
[H“’j .
Pﬁln must be capable of re&ucing water from pH 6 on.

The potentigl Pu /Pu cap be caleulated from the' known potern: tials of
PuIv/Pu and Pu No completa agreemsnt exists between all measure- .
ments. The Eo is pH—indemendent (et -0.86 volt) above pH 5, since both
reductant and oxidant concentratiors are proportiomnal to [H“’f

The Puv/Pu couple is practmally reversible.

. _
The measured Eo - value is =0.92 volt at pH 3.5.

x &

44, Recent Wori on Redox Process

by 1. Scaffrer (Chicago)

The redox method has been under development at Chicego since August.
A pilot plant, operating on batches, has been built and found to work satis-
-factorily. It has been inspected by duPont, and a larger pilot plant (process-
ing 0.1 ton U/day) will be erected at Hanford.

Five columns give 99.2% yield and a decontamination factor of 107 3 (in
ﬁ"a as well as ¥°s). Plutonium produced contains only 0.1% uranium; the
residual activity is due malnly to Ce -and Ru,

An alternate salting»out agent is now being stddied,

In oolumn I B, the use of ferrous sulfate with hydrazine and N NH NO
1aadtoa05=08%lossof?uo

By reducing HNO, and raplaclng"it 'by acefic acid, the loss can be cut to

0.2%. Another attempted substitution wes that of M(N05)3 for NH43.\403
. ‘ .
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45, Action of Electron Beams and X-Rays on Highly Purified Water®

By John A, Ghormley

Pure water in pyrex cells was decomposed by electron beains ard z-rays

to yield hydrogen, hydrogen peroxide, and oxygen., The initial products

were shown to be hydrogen and hydrogen peroxide. By suitable ad ictment of
the operating variables, net decomposition of water or net formaiion of water.
~fron the decomposition products could be made to occur., The conceatration

of products at the steady state wherein no net change occurred, increased with
increasing radiation intensity and with decreasing temperature. %he observed
initial yield (Gy,) varied from 0.1 to 0.5 molecules H, per 100 ev. All
results are explained on the basis of free radical mechanisms, H and OH being
formed as a result of ionization of water molecules by fast electrons. The
8teady state concentration was found to increase when water was allowed to
stand in the pyrex cell for three weeks, presumably because of sensitization
of the reaction by dissolved glass. Mechanical agitation of the ¢3ll during
electron bombardment produced a large effect on the steady-etate concentra-
tion;  this effect indicates presence of a relatively longalived frees radica19
preeumably HO5.

* %

46, A System for the Separation of Uranium from Thorium ‘f%ﬁ/
using Organic Complexing Agents in Solvent Eztraction ¢

1

by 0. K. Neville

A method has been developed for the recovery of small amounts of uranium'
from a concentrated thorium solution by the use of organie complexing agents
and solvent extraction techniques.

Certain dithiocarbamstes (RlRZNCSSNa) have been found to be ezcellent
complexing agents for uranium in the presence of thorium and to promote the o |
solvent extractlion of uranium from thorium in very high yields. Of the
dithiocarbamates that have been prepered, those derived from secondary amines .
are better agents for the purpose than those derived from primsry amines.

- Those derived from phenyl emines are superior both in complexing ability v
%~ . apnd stability. The best agents found are the sodium salts of: ethylphenyl-,
butylphenyl=, and benzylphenyldithiocarbamates. .

The experimental procedure is as follows: A uranium-thorium solution,
1 moler in thorium and 3 x 10" molar in uranium, and which has besn pre-
viously adjusted with ammonia to a pH of 3,.is shaken 5-15 minputes with an
equal volume of sthyl acetate to which has been added the organic reagent to
the extent otAIQ‘3 molar. When the layers are separated, over 99% of the
uranium has been extracted into the orgenic phase. Less than 0.5% thorium
i's extracted, B ,

Stripping to the extent of 95% may be accomplished with an equal volume
of 1 M HNOz. If 0.5 M HNO, is used, uranium recovery 13 90% per bateh.

If s onechalr volume of athyl acetate is used in the first ex?ractlon
the uranium is extracted to the extent of about 95% on a small scale. Thls

_ v
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may be improved on a iarger scale. One-half volumes of 1 M BNOs for strip-
ping cut the uranium recovery to 85-90 per cent.

The work on the process has bdeen taken over by the Chemistry Section
of the Technical Division at Clinton.

%*x %

47, Activity Coefficients of Plutonium

by R. E. Connick (Berkeley)

We studied the extraction of Pu into benzene with, trifluro acetyl
acetonate as chelating agent '

1

patT 4 BK in (CH,) == Puk,  in (CgHs) + «&¥
The éxtraction_‘,is proportional to [ KJ4
N '+ 4
(Puk,) (BT )

Const A
-~ ety @t

where parentheses refer to activities im the benzene phase, Assmming {Puk, )

to be proportional to concentration (since we desl with tracer quantities)?,‘

‘and the same to be true of HK (because the concentration is low), we obtain
N , o _

Km[ﬂ ]CPHK&]

'Pu& [Pu‘“j S;—BK14

Const =

7

where square brackets indicate concentrations.

What is measured, is [PuK4] .

LY

We studied the effect of mixed acid, e.;;. that of addition of HC1 to
~BC10, . The results indicate tho extent of complexing of Pu with Cl1-,

Fﬁm S 4"' and the potentials, one can'calculéte ¥ =velues for I\
and Pu




48, Xe Poisoning and Pile Stability

by G. Nordheim and H. Soodak
{Clinton)

Zn all actual piles, the reactivity does not only depend on the
position of -the control rods, but also on quantities like the temperature -
and fission product poisoning which in turn depend on the power level.
Therefore, piles have & certain equilibrium power. The question of pile
stability consists in determining whether deviations from the equilibrium

state decay, in which caae the pile is stable, or build up, in which case
the pile i=s unstable,

Since an increase of power decreases the amount of Xe in the wile
(by pneutron capture) and therefore increases the reactivity, the Xo is an
unstabilizing factor. The temperature, on the other hand, is a stabilizing
factor for piles with a negative temperature coefficient° Calculations
were made of the periods with which deviations from equilibrium build up or
decay, not only for the X apnd W piles but also for the proposed light-water
cooled; heavy-water moderated heterogeneoua pileo

. The following table gives the unstable periods due to the Xe for the
three piles with and without taking the temperature effect into account.

- Unstable Period

X = Pile W=-Pile New Pile

Xe alone " 98 min 11 min. 9 min

Xo + Temp.| No pos. peribd 14 mipo ~8 mﬁn'
.lt *®

' 49, Migration Area in Heterogenmeous Files

by R. Scalettar and A. Weinberg
{Clinton)

In the ipvestigation of the characteristics of enriched lattice piles
the simplest procedure is to determine the pile constants in such a wey that,
at once, the formalism of ‘the homogensous pile equation is applicadle and
that, of course, the correct results will be obtained for critical sizes,
motion of the pile ete.

Since most of the slowing down is accomplished by the moderator the
age is practically unaffected by the lattice structure (in enriched piles of
low concentration). The diffusion length is the only gquantity which needs
to be adjusted for the heterogeneity of the pile. The problem then is to
determine the diffusion length, L, in such a way that the homogeneocus thermal

/



theory equation '
28 + Kk, -1=0

gives the correct Laplacisn,. . QA , and consequently the correct pile size;
here k.4 is the reproduction constant for an infinite medium :xnd is
given by € T, (neglecting resonance absorption which is siall in
the szariched pile). is the number of neutrons produced rax f
absorption by a fissionsable atom, € the fast effect contribuison to
reproduction,; and £ o0 1s the thermal utilization for an infiniie pile.

" If, for the finite lattice pile, we define [ efy = number of neutrons
absorbed in U in cell/number of neutrons produced in the cell, the critical

) : condition for the lattice is
, | 4
o . kege = ’lé feff ' =1

" Comparison of these two equations which must express the same critical condi-~
tion we find for the L2 which gives the correct Laplacian

) LY = foo = fore
3 1 '
a : reff
" The evaluation of f., and fgpe  was carried out for & bare rec-

tangular lattice pile 1nfin1te in the X-direction and finite in the Y oand
%- directions, the half thickness per cell of uranium being X, and of
moderator X, . It was assumed that the number of neutrons becomlng thermal
in the moderator was independent of X and that the uranium did no slowing
down., Under these assumptions one obtains (where L, is the diffusion length .

in the uranium, L4 in the moderator)
Lz B-20) - 13g sotion verm
1 = deo o g‘d <4  gorrection terms

The siéniﬁcanco of ,the first two terms is that if one imegined our lattice
to be smeared into a homogeneous structure these terms would be closely the
correct diffusion length for the mixture. The correction terms zre

| %9 B2 % (2+1 41 Loz), X,
Correction terms = £ ‘ 1 - v
dao % 3 18 Lo
’ ; = 2 2
2+41 A1 L, X, \ 4 (A+101 L1 )xl

2 (.
+141L1 1l -

(
- oo fl e d
15 - L? * | /J ts L* Z 16
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Here G, and oﬁa are respectively the absorption cross sections in
"uranium and moderator., The correction terms for all usual geometries are
small and for the volume ratios of the emriched pile amount to only about
4% of the first two terms., Thus the critical size may be calculated
correctly using the homogeneous expression for the diffusion length.

The assumption in the above caleulation concerning the constancy of
‘thermal neutron production in the X-directiod is not strictly corrasct but
it is not believed that this will produce more than a second ordex correc-
tion since the result depends on total thermasl neutron production rather
than its distribution. However, a calculation on the basis of the two .
group theory to check this point _is in progress. The question of the cor-
rect expression to be used for L® during the motion of the pile {non-
stability) ie also under investigatlon.

x &

) 50, Proposed Experimental Fbcilities for
’ the Heterogenegus Plle

- | . John R. Huffmen /j % %

The present conception of the P-9 moderated light-water cooled 25
heterogeneous pile at Clinton envisions 30 active sub-assemblies spaced in,
a lattice of diameter 93 cm and length 100 cm, surrounded by 20 em of P-9
reflector top, bottom, and sides. A ring of 26 thorium rods is situated on
a diameter of 137 cm which is backed up by 20 ecm of P-9 reflector. An
aluminum reactor tank 175 cm in dismeter and 140 cm high results., This is
surrounded on the sides by 75 cm of graphite containing 69 Cl1%4 or cooling
holes, 6" of iron thermal shield, and 8° of concrete biological shield -
replaced by 42" of W-type shield at three points. The reactor tenk is
indented at five points to permit experimental facilities to approach the
lattice from the sides.

"~ The majority of experimental facilities will permit utilization of
neutron densities from 1035 to 2 x 10, As many facilities as possible
have been provided, even to the extent of using upward and downwaird inclined
as well as horizontal experimental holes. About ten holss 4" to 123" in

- diameter plercing the pile structure and the tank permit experimentation at
at 10" nv. An additionsl five holes reach to a field of 3 x 106 nv (tank
wall). Twelve 2° ID pneumatic tubes are provided, four of which pass through
the top reflector region of the tapk at 10M nv. Two "donut" tubss are
prOVided in the graphite at ~- 10

A side thermal column 6" x 6% x 8“ is provided with a water cut-off
tank at the inner emd. A twelve inch square stringer is provided on the center
line of the column. In addition, five 4" holes approach the sides and top of
the column and one 4" hole passes through the column txansverselyo

A biological hole 4° x 4° x' 3% is prov1ded below the aide thermal column
by bringing the neutrons down at an angle inm a graphite path.

! . N
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In the center of the reactor tank a 4% ID central thimble with access
at both enda is provided. This is the only large vertical hols penstrating
the tank. Any of the 47 available uranium holes, the 41 available thorium
holes, and the 69 cl4 or cooling holes can be used for other experiments.

. Eight instrument holes are planned in four banks of two each, with
six tangent to the outside of the iron thermal shield ‘and two penatratlng
into the graphite region.

All holes are filled with shielding Plugs normally° Experiments in
general will have to be built in special plugs with cooling facilities and
rather elaborate charging and discharging coffins. All holes can be served.
by pneumatic devices, The accessibility of vertical holes im the lattice
structure will be extremely limited. ,
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51, Pile Calculations :
by Gele Young "ff:7QV£;;;<i%; '

In a general way, breeding gain increases and specific power rate
decreases as one raises the emergy at which neutrons are absorbed in a pile.
The rate at which the supply of fissionable material can be enlarged depends
‘'on the product of these two quantities; calculations to date suggest that
this product may have its greatest value in intermediate or Tesonence energy
piles {(cf. talk by Goldberger).

All cooled plles to date have. operated on thermal energy neutrons. The
unit being designed by 2inn will run on fast neutrons and, it is hoped, will
provide the first demonstration of ureeding gain. Liquid metal ccoling is
being developed for fast piles, and may be of use in resonance and thermal
piles as well, The approximate composition of the Zinn pile is 1 atom U,

0.6 atom Fe, and 0.2 atom of coolaent {NagK). The capturs cross-section of Fe
is still ‘somewhat uncertain,

The above mentioned fast piles can give both breeding and power, and
operate on either the 49-28 or the 23-02 cycle. - Another type which is of
interest is the thermal power pile operating on the 23-02 cycle; such systems
are not expected to show trus breeding gain, but it is hoped that they may
be able to maintain the cycle and thus effectively burn thorium to yield
power. . Be metal, BeO,and graphite are possible moderators for units of this
types; with helium cooling it may be possible to run gas turbines. Work on
BeO high temperature piles has been initiated by Daniels. The temperature
coefficient of reactivity in such units has been the object of study by Way,
Wilkins, and Goldberger; other reactivity changes (e.g., that due to Xe)
have been considered by Way. In addition to the more standard rod controls
{cf, talk by Sachs) Goldberger and Wilkins have considered methods of control
by gaps which create less disturbance in the pile and cooling stream tempera-
ture pattern, .
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52, H;gh Pressure Water as a Heat Transfer

\
Medlum in Nuclear Power Plante

by F., Murray and A.M. Weinberé;éif ;;jAzf\

Igseful work can be extracted efficieantly from a nuclear chain reacticn
only if the coolant operates at high temperatureg. This fact leads directly
to the conclusion that water at ordinary pressures is unsuitable a3 a
power plant coolant, To avoild this difficulty inherent in water cooling,
alternative heat transfer fluids such as geses or liquid metals (either of
which can be raised to very high temperatures) have been proposed.

There is another coolant*, neither liquid metal mr gas,which is capable
of withstanding rather high temperatures. This is water under pressure. 3
The critical temperature of water is 374°C, its critical pressure is about
215 atmospheres. Decomposition of water under pile radiation is & phenomenon.
which has been studied rather extensively; the decomposition products, Ho, Ozp
. .and Hy05 can be coped with satisfactorily. Corrosion by hot water is not -
oxcessive in stainless steel syetems and possibly even in aluminum systems.
These facts suggest that a high pressure water power plant may be built with
. less development work than either the gas or liquid metal plantsD and that
such a plant might be very reliable.

L

The maln objectlon to hot water as coolant is that nowhere in such a
system is there a really high temperature; the use of supcrheat is therefore
almost precluded. This will reduce the thermsl efficiency of such a plant
as compared to one in which superheat is available. But the magnitude of
this loss is small since during the superheating part ¢f a steam engine cycgle
the heat absorption is very far from being isothermal. This meane that much
less 18 added to the efficiency of a steam cycle by superheat than would be
calculsted from the simple Carnot formula.

The main reasonh for investigating the high pressure water system is not
that such a system will pecessarily compete thermodynamically with either the
gas or metal system., Rather it is that hot water. (either light or heavy)
will probably have to be used in thermal breeders or converters, Any large
scale program of breeding or converting makes little sense unless the by-
product power is used. Thus, even if the hot water system is less favorable
a8 a power plant than other systems, a point will very probably arlise in the .
development of large scale nucleonics where power from bot water will have
to be extracted as a by-product of 23 production,

*The use of fluorocarbons or diphenyl or other low vapor pressure liquids ia
not considered here because the decomposition of these meterials under pile
conditions probably mokes them very awkward to handleo
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53.Resonance Energy Piles . ~

M. L. Goldberger

Resonance energy piles are plles im which most of the neutroi.a are
captured in the energy region from 10 to 1000 ev., Resonance pils: sre of
interest because it is possible to obtain compsratively high breeding
gains and power outputs without the extremely small size concomitant with
the fast breeder (CF-3107).

Woe bhave mede calculations of critical sizes of piles using Pu as the
fissionable isotope and Be as the moderator. It is imsgined that the pile
would be cooled with liquid Na or Na-K alloy provided these coolants do
not attack the Be-Pu mixture., No reasl design calculations have been
carried out, : '

The greatest uncertainty in the caleulation is the number of - ‘neutrons .
produced per capture in Pu (7749), we have used the values giveh by

Weinberg (CF-2848) multiplied by %2% since it is now believed thet the

meximum 7149 is nearer 2.95 than 2.90.

The negative laplacian for a resonance pile is given by the formula
x> :3‘{02 L+ BRoTE) -
—_— 2 = Y I M - g
= '-'2
e L )

where T is the usual Fermi age, k _is the reproduction factor for an lnfinite
pile, averaged over reproduction, 1: is the average age from fission to
capture, and 172 is the mean square age from fission to capture. (For
details, see forthcoming report by Friedman and Goldberger.)

Critical sizes have heen computed for bare spherical reactors cooled
-with sodium which occupies the same volume as the Be 4+ Pu. We assume a
flow rate of 10 m/sec, sp. ht. = 0.3 cal/em® and a_temperature rise of 400°C,
The flux in these piles is of the order of 5 x 1019, The results of these
" calculations for three concentrations are given in the table belot.
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C
Pile Quentity - {No. atoms Be 5
: A, - No. atoms Pu
50 100 150
¥ 2,887 2.642 2,521
T (ca®) 55,51 62,56 67.20
3¢ 2{om2) 1.924 x 1072 1.55¢ x 1072 1.376 x 1072
[¢) /
3 2 (cn2) 2,065 x 102 1.617 x 10°2(est.) | 1.408 x 10-2(est. )
Rc(cﬂl) 1 2109 240? 26&5 — 4
Vo{liters) 43.8 63.2 78.1
Total Weight (kg) | 118 145, 168 -
Weight of Pu {kg) | 41.1 30.3 25.4
Weight of Pu ’ ‘
& Na ducts (kg) 137 101 _84.6
i t ' - i
Yﬂ.(’flf:eg:‘; 8) 292 421 521
Total Output (KW) |4.43 x 210° 5,65 x 10° 6.50 x 10°
EW per kg of Fu 3240 - 5580 7580
Mean 1life in days 264 . 185 112
Loss per destruc- 0.15 0.20 0.25
tion of Pu (est.)
No. neutrons pro- '
"lduced per destruc- 2,90 2.70 2,60
tion
Breeding Gain 0.65 0,50 0.35
Doubling Time{days)] 405 310 320
"Goodness"
KW
N x Gain 0.75 1 ) 0.95
kg .
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54, Pile Operations at High Temperatures

-

R, G. Sachs

Eatimates have been made of the amount of control required frr the
BeO pile operating on a temperature range of 1000°C, It is found that
six control rods of 3 in. diameter placed in a hexagonal pattern .iine
inches on an edge with an additionsl rod at the center can compensate a
change in B of 50%. Since the total change in B from hot pile with Xe
to cold pile without is expected to be about 25%, this control system
should . provide a considerable margin of safety.

. The temperature effect on the reflector has also been considared.
_Increasing the temperaturs of the. reflector increases the reactivity of the
rile, thereby partly compensating the temperature effect on the pile itself,
It is estimated that the effect will amount to at most a 5% chang: in B '
for the BeO pile.-
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