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1. r!operti(js __ ot High Tempera~.ura, Pile Stru,ctural Mate:rials 

c. Ao Hu tchi son, Jr" 
(Chicago) 

The projected high temperature pile tEl. to contain U02 as fu.el 
and beryllla as moderator. 

Beryllia has now been produced by hot pressing with a density of 
3.00 elec, which is close to the theoretical x-ray value.. Other physical 
constallts or this material are ns follows: 

Thermal conductivity at 10000C - 0 .. 08 cal. oC=l x em-1 x 86{):-1 

Young II' s modulus = 315 x 1010 dyne x cm""2 

Compressive strength about 1 x 101° dyne x cm-2 

Thermal expansion coefficient at 1OO00 C = 8 x, 10=6 °C-1. 

Hardness - about that of fused alumina 

Vapor pressure at 15000 C about 10=8 mm fig. 

Because of' the very high thermal conductivity J the temperat.ure 
gradient in the rods will be only 20°C at 100»000 Kwo The thermal stresses 
are decreased by the high value of thermal conductivity more than they are 
increased by the (also very high)value of Young's modulus o 

. The chemical gropertles of this material were unknown befors.. Treated 
with steam at 1500 C. it lost lOo~ of its weight in l3'hourso Pure 
cottony beryllla was distilled awaY9 indicating the existence of' a volatile 
hydroxide 0 The material 1s gray in co101'o The origin of the color is 
unknown; it 1s not due to carbon impurity. Upon heating~ the material 
beeomes white with an increase rather than a decrease in mass o 

U50e 1s used in high teniperature pressing together with beryllia to 
form the fuel rod80 U:.i0a is converted toU02 during this procedure; it 1s 
not reoxidizoo again upon cooling" '. 

The volatilization of uraniu.m from the mix.ed oxide bodies 8.t 1500°0 1s 
11lus~rated by figure 1. 

, 
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Fig. 1 

in vaouo g no loss ot uranium occurs att,er the composition U02 hHS bean 
reached n In a1r D the uranium continues to evaporats& probably by inter= 
mediate formation of volatile UOzo In hydrogen atmosphere, the uranium 
loss is less than 4 per cent. We have investigated how much oxygen can 
be permitted without causing considerable losses of uran1umo In an 
atmo8ph~re,containing 005 per cent oxygen v the loss was 40 per oent in 
30 hours; with 0.14 pel' cent 021l the loss was reduced to 10 per cent in 
200 hours. In pure oxygen~ 80 per cent uranium were evaporated at 1500°0, 
and condensed. in the cooler part of the apparatus as an oxide of the 
approximate composition U20ts " This evaporation could be perhaps used in 
the reprocessing ot material tor the separation of uranium trom fission 
products. 

l\< '* 

20 1'he Preparation ot: fU~!-!l~ Urenium=:UuminUUl Allo},: 

by L. H. Grenell (Battelle) 

The cladding of Al=U alloys on all sides by hot rolling,to give a 
density of 15 mg. ot U per sq .. em., at 1-l1li1" th1ckD.ess 9 required applica
tion ot a much thicker Cladding layer than is donecommerc1ally where 

. the surface layer is from 5 to 1O}b 'ot the thickness.. RegulaX' cladding 
procedure~ tor which the cover sheet is wrapped around the leading e.dge 
of' the core, and a method using this procedure with a "picture frame" 
surrounding the edge,S ot the core were tried o The :f':i.rst method did not 
give complete edge Closures but the picture-trame method appears sstis= 
tact~ry. 

Tests were run using inl tid core thicknesses from 0.000" t,o 0.3'15", 
with no great difference in bond1ngo A number ot cleaning methods were 
tr1ed&but the standard scratch~brush1ng method seemed most satisfaotory. 
Core and coating thicknesses remain in very nearly the same rels.tion as 
the starting thicknesses" Alloys with 11 and 15% U were clad 8uccess~u11y. 
Distribution of the U in the core was more uniform with cross rolling· ot 
the core and in the l~ alloy. 
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~. BeglliWll Re!iuetlo~ 

T. Magel. M.loT" (presented by Ao R. Kaufman) 

(1) Some work has been done at ·14,,1,,1'. on closed bomb reductions 
of Be012 wi th Ca metal (and sultur booster) on an 18 gram (Be} scale. 

·~ield8 averaged about 15 to eo per cent coherent p well-consolidated 
metal. The calcium content ·of the beryllium varied between'Oo5 and 10 
per oent. OVerall resUlts on BeCla reductions indicated no advantage 
over the reduction ot BeF2 0 UOreover p since '~ere 1s no longer a satis
factory source ot BaCl2 thlS work has been discontinued. (2) A taw 
bomb reductions of' mixtures of' l3eC12 and UC14 have been oarried out. in an 
attempt to prepa;re directly the compound UBe9 • Technique similar to that 
used in BeCl reductions was employed with resulting yields of about 
15 to 80per2oent 9 one half of which was in the form ot a wall consOlidated 
mass and the remainder in the form of' a coarse powder. (3) High ... purity 
Be metal has been prepared by high temperatura (11000 0) 9 high=vacuum 
distillation of the Be formed by_ the reaction of a stoiohemetric mixture 
of BeO and Zr metal (introduced as Z1"82 ). Yields of' denseiy deposited Be 
(on a Tecondenser) of 80 per cent and better have been obtained in about 
8 hours.. In the present apparatus about 80 grams of Be can be prepared 
per runo . 

.. * 

~" Studies 01" Beryllium OXide C~!am1c Bod~~8 

Ho Z" Schofield 
(Battelle Memorial Institute) 

Specimens e dust-pressed l"rom a mixture 0:1' hlgh=firD grade bery1l1UJll 
oxide and U02i dISintegrated in air at temperature near "red haain owing 
to oxidation ot the U02 to U308 and the attendant vclume eXpansiQno The 
use of U308 in the mixture prevented this disintegration» but a large 
part of the uranium oxide was lost by volatilization during tiring at 
high temperatures. 

SpeCimens of beryllium oxide, 9~p U02~ 10'$, were fired at :3300°1'. 
without disintegration when an atmosphere of argon was maintained at all 
.temperatures below 2500O:F. The fired bodies were porOUfl, however ~ when 

v 
high-fire grade beryllium oxide was used" Apparent nonporosi ty :In the 
fired body was obtained by using fluorescent-grade beryllium oxide~ 

In the work on nonporous surface films D or "glazes ~ for the porous 
BeO=U02 bodies p some promise was shown when a thin coating» composed of 
equal parts of BeO and MgO, was applied to the body before,firingo. Some 
promise also was shown when e film of silica was deposited on the specimen 
<from the vapor phase in an atmosphere of water vapor and silicon tetra
chlorides or by saturating the Dody wi th a hot. concentrated solUtion of 
beryllium sUlfate and drying, before firingo 

~ 
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:to Thermal Conduct}.,!i ty o~Be!1:llium Oxide Bodies 

Ho Ro Nelson (Battelle Mamor1al Institute) 

A knowledge ot the thermal conductivity of BeO at elevated 
temperature~ 1s iJllportant in the des1gn ot the mixed oxide pilau Pre
viously reported measurements on low~density bodies have shown that BeO 
has a. surprisingly high conductivity which varies with the density of 
the spoolmeno New resUlts on h1gb-densit1 material confirm. tho conclu
sion that BeO 1s more metallic 'than ceramic in its thermal=conductiv1tl 
properties 0 ResUlts are summarized below. 

Thermal Conductivity in Watt cmo-l oc.-1 

BeO Bodies of Two Dens! ties 
Temperature 

2'016 fl:f4./om. 3 ' 3 ' 0 2 0 6'1 f(JJ1 .. 101S1 0 Pure Iron C 

200 0.57 0081 0,,60 
400 0 .. 36 0054, 0,,46 
600 0.26 0042 0.32 
800 0 0 20 

1000 0016 
1200 0 .. 14 

I 

Apparatu.s bas been constructed to permit remote=oontrol m.easureJll6Ilts 
on radioactive specimens. This equipment will be used to determine the 
magnitUde ot Possible changes in the conductivity of a mixed oxide body as 
a result of neutron radletlonG 

$: '* 
.60 Prel!!ratlo~ ot ~rzl11um Nitride p Be.i'!2 

T .. lIagel~ :M,,1.'1'0 (presented by A" Rc, Kaufman) 

B,~2 is being prepared at M.I.To on 8. 200 gram scale by passing 
ammonia gas OV6r Clifton flake beryllium metal at 900°00 Only beryllium 
metal which passes Os 28 mesh screen 1s used;. coarser material iadU'fieu.lt 
to ni t1'1de completely under present operating conditions. The metal 15 
placed on a thin molybdenum sheet inside a two 'inch diameter quartz. tube 0 

After evacuating to remove a1r? a stream 01' ammcnia is passed ovel" the metal 
while it is heated to 900°0 0 About 60 hours 1s necessary ,tor complete 
conversion to nitr1de~ Shorter heating periods give partial conversion but 
s~ch material can be completely converted to nitride by additional treat~ 
ment at 9000 0" Analysis of product showed 50.4 per cent N. and 50.0 pel' 
cent Be; theoretical is 50.,8 par cent Nv and 49 .. 2 per cent BeoFirst 
batches of M.,loT .. mtride were inadvertently' contaminated with about 100 to 
200 ppmo ottltanium and zircon1um~ The source ot contamination ha~ now 
been removed.. . 
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'10, Uetallurgy ~ 

/ A" R" Kauf'man (M .. 1,,'t ) 

Crude Brush beryllium. can be retined by melting 1n an open pot and 
then casting in air. '!'his process which removes most of the slag in ,the 
metalj) leads to 'about a 3 to ~'loss ot Be due to oxidation.. V8.IOUWIl 
castings up to 25 pouDds in weight can be made in a 12ft quartz tube 
t~nace using this refined metal .. 

. ExtrusioDJof' Be have been carried out using billets up to st" in 
d1 ameter.. Rods up to 3- diemeter dd down to in diameter have been made 
with a tour hole die being·used in the latter. case. A disc or cone ot 
sott iron is placed at the front ot the billet to till up the spa.lIJe at 
the peripher)" ot the die and thus taoUl tate the flow ot the iron jaClket 
on the billet.. Be billets encased in heavy iron have been satisfactorily 
forged at temperatures 8S low as llOOoF.. fabrication operations ao tar 
carried out indioate that Be crystals in certain orientations ere extra
ordinarIly resistant to deformation .. 

'tensile teats ot extrUded Be indioate. that the optimum combination 
of strength and ductilIty. 1n the direction of extrusion at least~ 1s 
obtained by extruding at a low temperature (1300~') and then annealing at 
ab.out i~OOF" 

Distilled Be has been obtained in quantities ot seve~e1 poundso 
There is no evidenoe i . as yet. that. this material is more duotUe than the 
ordinary metal" 

.. lie 

80 Studies ot the Metallurgy of Barl-lli.!:!! 

8" W~ Russsll (Battelle Memorial Institute) 

l't has been demonstrated that large oastings ot ber;y111um. can be 
,prepared without meltlngln vaOUWil.o Metal treed from slag was melted in 
a sUicon-oarbide ('reread) orucible without liquid flux. A blanket ot 
argpn min1mized oxidation. 'Gassiness a resulting in porous caatlngso 
occurred ocoasionally and erratioally b but was controlled in part by bub= 
bllng chlorine through the melto Pure beryllium castings tand to coarse 
grain and hot craokiDg; the addl tion of 2 to ~ otalWD1nwa gives great 
improvement., aDd has been the regular praotioe. 

Graphite molds are satisfactory only it all restriction on the normal 
Bhrll1lkage can be aYolded. Sand molds of' zircon or magnesia give :fair 
resul tS Il and are usable where graph! te will not permi t the necessary . 
shrinkage.. Hollow cyl1nders are readily cast centrifugally in steel molds 
rotated at a speed to give about '15 times grav1ty.. A malt of 75 pounds 
of' berylU.uma containing ~ aluminume was ladled into a cent.r1i"'.Jgal mold D 

fomlng a casting 52 inohes in diameter with ,a wall thickness of' 1",';~/4 
inches 0 . 

, 
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~ere has been contradiotory evidenoe Inregard to III possible 
transformation in beryllium somewhere between 600°0. and' '150°00'. Measure
ments ot the thermoeleotric power of extrUded beryllium 0.15 inch in 
d1ameter aga1nst platinum in the l'anse f'rom 350°C. to '1500 0. tail to 
supply ev1denoe ot the existenoe ot a transformation. In th1s temperature 
range. the thermoelectric power, in microvolts per degree Co, can be 
represented bJ 

de/dt !II 1020"" 2ol0t 

. 'the electrioal resistance was found to varr smoothly from 500°0. to 
800°0. 9 with no IJldlcation ot a transtormatlon~ The extruded rod used 
had 8. rss1stiv1t:y at zero of eo:: 4 .. 1 x 10" obm om .. 

Thermal analJsis by the method ot 00 S" Smith (Trans .. AoI"H"E., 8 VOl o 
13' I> pp. 236-244 ,1940) showed no evidenoe 01' 8 transformation on beating 
from 500°0 .. up to 825°0.» and back down to 530°00 

Jaeger and Zanstra (Proco Roy" Soc. I> Amsterdam; Vol. 369 po 636 p 1933) 
have reported, a new phase. deteotable b:v X""rB1 dlttraction. in berJlllum 
quenched 'from 630°0.. This prooedure has been repeatedj) aMI) in e.ddltlon ll 

X-raJ dittraction data have been secured in a bot' camers at 55000. 9 ?0000. II 
and 8000 eo No lines due to a new b!l"yl11wa phase could be deteoted" 

'9 0 
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JlarQ) lap~osipm QD lop l!:J:abaage 

arranged by J. Schubert· (Chi cage) 

The Kinetics of Ion=ExOh~~~. A4so~t10n 

Lo So Myersg J~o 

In order to avoid the tedious p t1me consWlling and often waste:tuJ. 
series ot experiments necessary to determine the optimum. coOO1 tiona for 
separating substances such as the rare earths and fission products by 
oolumn ionic exchange proceaaes s it is desirable that means be found to 
predict. the behavior 01' aD¥ g1 ven ion in a oolumn from the resul ts of a 
tew eimple batch exper1mentso In order to accomplish this a knowledge of 
the mechaniB1ll 01' ad80rpt.1on and the rate controlling factors must be 
obtained 0 

DuriDg an adsorption process~ a reaction suoh as 1s shown by the 
following equation occurcu 

nA.+ ... mBR :: nAB + JDBT .. 

A+ and B~ ~p~8ent the cation which 1s adsorbed and the cation initially 
on the resine respect1vel)l'~and BR and All represent the inltlsl resin 
and the resin after A + is adsorbed ll respeotive1y.. The equilibrium 
constant for such a reaotion is the ordinary mass action expression in 
whiob the 'activities in the so11d phase ere represented by the mole treo-
tions" 

'<. 
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In such a reaction ther~ are at least three prooesses~any.one ot 
wh~ch may be rate oontrolling. These are: (1) d1ttuaion of A~ and its 
an.ion into the immediate vicinity ot BR ~ (2) the reaction of A+ wi th BR 
to give the products BT and AR; (5) the diffusion ot B+ aDd its anion 
away froDl the .immediate vioinity ot AR' and into the solution. 

. Und~r conditioDs ot constant concentrations o~ A'" lJ B1' and DR (1"e" 
tracer ooncentrations ot A+ end large volumes ot solution) very simple 
rate equations may ~e derived tor each or these processes. If process 
(1) or (3) is the slowest, the rate ot adsorption will be controlled by 
the law8 ot d1ffusion~ and the diffUsion equation 1s applicableo 

A:R 
ARQIIC) 

=: 1 _ 6 

11"2 f 
n::l 

D1r2n2t 
exp .. (- ~- )0 

Aft ud ARoo ar. tJle amounllUiJ ot A-t- adsorbed at In7 time and. at equl11brlumo 
lIi is an lnteger p D the diffusion constant 1.1\ em see=l" t the tlms 9 and r 
the rad1ue of the resin particles, which are assumed to be sphericalo 

It process (2) 1s the 8lowes1l;9 the rate ot adsorption will be controlled . 
by the laws ot mass aotion and the mass action rate equation is applieable o 

'- AR 
ARno = 1 - expo (-k~~). ( 

Th. symbols have the B8.IDe signitieance as above 9 VIi th ~'being the s,pecific 
reaction rate oonstant for the reTerse reaction» and am the concentration 
ot B ion raised to ,the appropriate power q 

BatCh experiments using Amberlite IR-l resin show that when ~ ls 
present in low concentrations 8 the mass action process 1s the slowest& and 
henoe 1s rate. controillngo As the eoncentration ot B+ increases$) the 
mass action process increases in velocity until it eventually becomes 
taster than one ot the diffUsion pro.cesseso Under these cond1 tiona the 
diffusloa process ,becomes rate controlling. The concentration at which 
this transition oCcurs varies with the valence of' the ions lnv01ved o When 
the ion initially on the resin is monovalent and the adsorbate.is monovalent, 
this transition concentration i& ot the order ot 0.01 M" When the adsorbate 
is divalent 'it is of the order of 0 01 M~ when trivalent. about 003 M. 

'!'he values of theaquilibrium constant, the mass action rate constant and 
the dl:tfusion"constant Bhow considerable variation with valenee~ When the 
resin 101 tiall}" contains a monovalent iong these constants are of' the order 
of. 001-3, 10 ~lsee-l, and 3 x 10-6 am2 sec=l respectively when the adsorbate 
is monovalent; ~=59 2 ,.-2seo-1 9 8J1d 0.4 x 10-6 when it 15 divalent; and 
10-100, 002 y--3 sec-1 ; and 0 0 01 x la-Swhen trivalent.. A,ddition of e 

I, 
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complexing agent to yttrium increases 'the d1ffusion constant somewhat. 
Comparison ot several ions or the same valence show that the heavier 
ions are adsorbed more strongly 'th8.n l1ghter ions and that their presence 
results in smaller diffusion constantsQ The mass action equilibrium 
expression is inadequate, tor trival,ent ionso 

The mass transfer theory permits predlet10n of the behavior'o! an ion 
during column adsorp~ion 11' two constants are knownp provided that the 
rate ot adsorption 1s controlled by the mass action process", These oon
stants are known as k and ki» and they may be related to batch constants 
as tollows: ' 

k:: moles ad'sorbate per cc of bed' at ,egui11briUJ!L... 
moles adsorbate per cc 01' solution at equilibrium 

ABet. /g 
Aco 1m! 

kQ:: kpJiAo 

(Bed density) 

Comparisons of values of k 9 and k obtained by batch experiment and colWllll 
studies show that k can be pred1cted fairly accurately by batch studies$ 
but that k~ is apparently a f'unctlonof the contact time.. As the oontact 
time 1s increased the value ot kg obtained frqm column operation approaches 
~~e value obtained from batch studieso 
References; 
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10.. The Use Tool 

Jack SchUbert 

The procedures by which ion exchansers»'utllizlng only radiochemical 
concentrations ot elements, can be employed to study tundamental physico
chemical problems is descrlbed& Some of the problems which can beprotitably 
studied by the ion eXChange method are: ' 

1" 

20 

3 0 

40 

5" 

Qualitat1ve and quantitative measurements ot the d1ssociat1on' 
ot complex ions. 
Measurement of the activity coefficients of tracer cations. 

Detection and behavior of colloids. 

Qua11tative determination or the state of an element in aolutiono 
Determination of the valenoe and relative basioity ot cationso 



-; 

• 

.. 

" 

,. 

;. 

I. 

= J.O = 

:' 

110 The SeE,!ratlon of' Fission Products 
I 

E" Ro Tompkins» 3"";[0 Khymll Go W .. Parker 9 W .. Eo Cohn and Associates 

Reported by Wo EQ Cohn 

The genenal technique 01" ion~exchange 1s shown to be applicahle to 
the problem 01" separating radioactive :fission species from each o'.;.her 1n 
the carrier-f'ree state" This 1s aeeomplt'shed by adsorbing all cationic 
species, atter extraction of uranium with ethers on Amberllte lR=l; ~he 
enionic speQles (RUg .Tel t are not adsorbed and may be colleoted 111 the 
eff'luento 

Separation ot the adsorbed cations 1s eftected by specific elution as 
oomplexed 10ns with organic acids and their salts" These may be ased in 
various ways~ but a practical procedUl'6 used on .the curie scale has been: 
(1) elution 01' Zr and Cbwlth l/~ oxalic acid; (2) elution of Pu with 

j~ltv3 / 
)~l~~ 

5=~ oxal1c aCld; (3) el~tion of CS with 005 ! H2S04» (4) elution ot rare 
earths in the order Y. I1 ~ ltd a Pr 9 Ce by 5% c1 trate at pH varied :trom 20? 
to 3 0 3 9 (5)vot Sr and Ba» In tha~ order i by ~ citrate at pH 5-60 

elution '. .,' 
Ion-exchange matbode~b8sed_ on re=adsorption 01" the aotive species attar 

decomplexing by aoidif1catlon~ ha~e been developed tor purifying '~he trl
and divalent species ot radiochemioal and chemical contaminants 9 ~or con= 
centration and tor metatheSiS. Since the technique 1s simple and uniquely 
adaptable to remote-control handlings the preparat10n of large 8ltll.)WltS 01' 
very pure carrier-tree fission species 1s relatively easily achieved o 1he 
process 1s economical since most major fission species l118y be l'aol)vered fro 
8 Single starting solution; f'urtherlllOre fl the entire process~ 1ncllJ.d1ng oon= 
eentration&r purification» eta. 9 is accomplisbed, by the repeti tion- of a single 
cyclsQ ' 

>I< 41 

120 Extraction and Decontamination ot Plutonium -
;,r 0 At:> Ayres 

An extraction and oeeontaminat10n procedure has been developed and \ 
testedthoroughl;y on 8 pilot plant scaleg using one kilogram of uranium 
metal (one regulation X slug) per rWl •. L~ 

The procedure consists ot a three step process using adsorption columns .. ·rt~ ~ 
The plutonium is adsorbed on the tirst column and then eluted with sodium I. 
acid sUlphateo The uranium passes on into the effluent and 1s tbus separated ~ 
from the plutonium" Additional carrier 1s added to the elUate whioh is then 1'" 
diluted and made alkaline. The supernatant liquid 18 drained oft and the' 
carrier is dissolved in dilute sulf'urlc ao140 The solution 1s dlluted p 

~ complexed with '=iodo ... 8-hydroX7qu1nol1ne~5-suU'on1G acid 9 neutraUzed to fA 

pH of 5 0 0=508 and then run through a second Amberlite-IR-l colwnn 1nthe 
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sodium formo The effluent which contains all the plutonium is acidified 
(pH IV 205) and run through a third AJIlberlite IR=l C01WlUl o The plutonium 
1s adsorbed on the columno The ,column 1s, washed with dilute sUlfuric acid 
aDd'dilute oxalic acid~ and the plutonium. is then eluted with saturated 
oxalic ac1d solut10n. 

The plutonium solution is heated with concentrated sUlfuric acid to 
drive ott or destroy the oxalic acido The plutonium may then be dissolved 
in a few milliliters of acid and concentrated or diluted to any desired 
volume. 

The procedure possesses the following advantages: 

10 It 1s safe since it uses no volatile. eXplosive~ or inflammable 
solvents" 

20 It 1s simple since it uses only' standard procedures which have 
already been extensively developed on a commercial,scale o 

3" It ,is well s u1 ted to remote oontrol procedures since 1 t oontains no 
steps requiring close or intricate control and no filtrations or ~entrituga~ 
tions" -

40 It affords a means ot tractionati,on of the various fission products p 

providing p if desired v a relatively simple method tor obtaining active fission 
products to a high degree ot purity and free of carriero ' 

5~ It 1s rapid. 

6 0 It gives high yields ( >99'}£) of plutonium and very high decontamiD8= 
tion factorso 

The only activity other than ux: remaining wi th the Pu 1s Zr (and Cb 
daushter) 0 This may be removed very et'flclently by anyone ot several simple 
specific procedures to give any,decontamination factor deslred o 

'" . 
130 The Status of the Application ot lon-Exchan6e to 

!1utonium Separat10n 

:1 ~ Ao Swartout 

The ion-exchange procedure for separating plutonium trom uranyl nitrate 
dissolver solutions which was recommended for turther testing on a Clinton 
Plant scale in 1944 consisted of the following stepso Upon passage at a 
l~ UNa dissolver solution through a bed of the cat1on=excha~r~ Amber11te 

,1R=le adsorption of allot the plutoniump part of the uranium» and most of 
the fiss10n products occurredo All of the adsorbed uranium was then desorb 

, along with essentially none of the plutonium by flowing 'O~25 M sulfuricI' 

)~/fl3 

~ 
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acid through the bed. A wash with 0004 M oxalic acid effectively removed 
the fission producta~, chiefly Zr and Cb p which would otherwise be desorbed 
by the subsequent plutonium elutriant consisting of 0.4, • oxalic scid. 
Following the removal ot plutonium the adsorbent bed was washed tree f'rom 
residual fission activities bye 1.25 M sodium bisulfate wsan. In this 
procedure a

2
yield of' plutonium of greater than 9'1%» decontamination :.factors 

ot abou~ 10 ~ and a concentrat1on of plutonium by 5 to 10 tQld depending 
upon specific operating conditions were achieved in laboratory eXperiments 
wi.tb. "tracer" amount~ of plutonium and the tission elements. 

. . 
In order to demonstrate the effectiveness 01' 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 . 
conoentrations which would prevail at Hanford, (2) thst reproducible per-
'formance would continue over the number of' consscutive cycles required tor 
practical plant operation f (3) that mechanical degradation of the adsorbant 
woUld not occur during this continued usage, (4) that the adsorptive 
properties of the adsorbent would be unaffected by the levels of radiation 
expeoted at Hanf'ord 9 and (5) that remote control operation was feasible 4 

Etficient performanoe at Benford ooncentrations was indicated by laboratory 
eXperlments (CN-3347). . The reproducibi11 ty of the process and mec,haolesl 
stab1lity ot the resin were proved in series of semi-works scale experiments 
(CN..,3M6) 0 Teats by Burton~s group at Chicago demonstrated the stability ot 
the adsorbent under radlatlono On the basis of' these data equipment to be 
operated by remote oontrol tor testing of the prooedure in the Clinton Pllot 
Plant was designed o Further work on this alternate process was curtailed due 
to (1) the suocessful operation of the prec~pitation process and (2) the 
failure to aohieve su1'tic1ent decontamination to permit use of the process 
as a substitute for the entire preCipitation prooess u 

Sinc~ the futureepp11catlon 01' ion-exchange processes tor the separa
tion ot plutonium depends upon the development of' methods giving h.igher 
deoontamination tactors, work in progress or envisioned is aimed at this end Q 

Modifications to etrect higher decontamination by an "allQadsorptlon~ process 
inolude (1) repetitive cation-exOhange cycles~ (2) coupling with an10n- l'~ 
exchange" (3) u~ta.l-1or~.~df;'"E!!is~nta witb.~§p~cI!1c adsorptive . 

. properties for certain 10ns, (4) the use ot ,complexing agents to preterentlal- I 
ly prevent the adsorpt10n 01' either plutonium 01' fission elements8 and (5) 
the use of' ellltriants which are specIfic for oertain ion speoies. Potential 
developments to give more efficient and more economical operation inolude 
(1) utilization ot the entire adsorptive capacity of the adsorbent by employ-
ing three or more columns in a tandem system$ (2) investigation of new 9 . \ 

higher capacity adsorbents p (3) improvaments Ja~smmmmSK in instrumentation' 
and (4) the perfectiqp,of' unique systems such 8S the counter-current slurry 
n:etho~~t ~nef<> ~--- ... - -. . , . .- - . 
, , 

** I' 
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14~ The R,tU'e Earths snd fU.. Se,naration 

Eo Mo Gladrow 

A set ot optimum conditions tor the separation of the ind1vid.ual 
rare earths 1"1"0111. each other has been obtained b7 using an Alnberll'~e lR-l 
oolumn aDd elutIng with ,ammonia butfered citric acid solutiono Principle 
work was done uSiD.!$ mixtures ot Nd and Pl". The factors investigated wer~ 
pHil tl~ rate» compOSition 01" startlngmaterial ll diameter of co 1 lL"llD. , 

I~~ 

)fJJ.;· 
length of column, and the weight 01" starting sample". The citric acid con
centrat10n was kept at U; by weight and the particle size 01" the l.unberli te 
uSed was 40 .. 60 mesh throughout all of' the exper1ments.. Best separation wa 
obtained when the pH was 2.55; flow rate 1.5 cm3/cm.2 cross sectioI!/minuts 9 

and weight of sample 0 .. ~5 - 0.50 grams of rare earth oxide per 10m.2 cross \ 
_, ot10~o The diameter of the colwrm had no eftecto Increasing tne length \ 
of column save increased separation but also increased the length. 01" ttme 
required tor the eXper1ment. ,Two passes through a column employing 5O}b Nd -1 
50J' Pr in original mixture y1elded 4~ of the ~with a purity > 99 .. ~. , 
Bisher yields than this have bC:len obtained us1ng mixtures ot Nd-Smo The Ii 

method can also be app11ed to preparing other rare earthsQ 
, 

15 • Separation ot the Rare Earths 

Jack Eo Powell 

"" \ 
The separat10n of rare earths by means 01" f7}& citric acid solution and \ 

Amberlite IRal depends chiefly upon the pH of the solut10ns the bed length. i 

the sample 's1:& and the flow rate" The time factor is also 1mportant when 
a separat10n 1s to be carried out on a large scale 9 since lowering the pHs 
increasing the column leDgthg decreasing the.sample Size and loweringtbe 
flow rate in order to obtain maximUm separation all greatly l~crease the 
length of time reqUired to process a ~ven quantity of rare earth. mixturso 

The cost of the separation proceas& usIng ~ Citrate under e~y set of 
oonditlonsp 1s prohibitive., BoweTer~ by using a oitric aoid ooncen'trat10n of 
O.~ aDd a pH of about 4, an excellent'separation was obtained and the costi 
ot citric acid wa~ reduced by a factor of ten. -

Resinous Produots Ohemical 00. have disoontinued the manUfacture of 
lR-l in favor ot the more highly polymerized IR ... 100. AlUberl1te IR ... 1OO was 
oomparedto IR-1Eind wes found to be satisfaotory for use in the separation 
process 0 

. For the separation at samarium from neod,m.um and other impurities and 
the separatIon of neodym1wn trom praseodymium on a 50 gram scale. e an IR-1OO 
bed e feet long and 4 inches in diameter is recommended with 005% citrate 
solution at a pH of 400 and a flow rate of 60 co/min (a linear flow rate ot 

. 00 '15 CllU/m1n). . 

74;. 
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Samples rich in samarium were obtained by the sodium amalgam extrac= 
tion process of Marsho Such samples contained europium and ytterbium 
along with traces of cerium aDd lanthanumo These impurIties with the 
exception ot europium were 1"ead117 remo.ved from the bulk of' the samarium 
by one pass through an IR-IOO column. (see. Dondi tions recommended above) 0 

* * 

8,,'1\ Thompson and GoT" Seaborg 
tl'f+ 16. Use of lR-l Columns to Separate EleJll~t 95 from Rare ~rths 

I.ntroduction: Elements 95 and 96, because of their slmilarit.y to the 
rare Barths are normally present in rare earth fractions when the usual 
chemical separations of" the elements are mads.. In general they are mora 
easily complexed. than lsnthanum and more basic than yttriUm" Oxidation or 
reduction of" element 95 f"rom its trivalent state in aqueous solution is 60 
q1f"f"1oult ~at a method ot separation trom rare earthsbssed on these 
properties has not been developed as yet. With element 96 oxidation or re
duction dOBS not seem to be possible o Obviously the s~parat10n of elements 
95 and 96 from rare earths is not Basl1yaccomplishedo 

Summary of Experimental Work: The adsorption of element 96 OD colUJllDB 
packed with IR-l resin followed by i~e elution with ammon1um citrate, accord= 
ing to the method reported by Cohn and his co~workers at Olinton& provides 
a good separation of 95 from some of the rare earths such 8S lantbanum and 
yttri UM., However» our work has shown 1 t to be not readily separated from ' 
element 6lewhich is s fission product produced in significant proportions o 

In this latter case a deoontaminat1on factor of the order of two for the 
separation of element 61 fro. element 95 in a six foot column was obta1ned o 

In our stUdies we found Y to be much more rapidly eluted and element 61 
slightly more rapidly elu.ted than 950 61 and 95 were indeed very close in 
elution characteristios. On the other hand p La and Cs were mare slowly 
eluted than 95 0 Thus 95 has characteristics plaCing it. in the region of Nd 
and probably between Nd and 61 with respect to its behaVior in this system .. 
For the latter reason we bave attempted to find other methods tor the 
separation of element 95 from the rar~ earth fission products~ We have been 
suo~esstul in finding a group separation of .the rare earths from elements 
95 and 96 (and this separation probably holds for the whole trivalent 
actinide series starting with actinium). This method involves the use of 
nuosilic1c acid which 1s a strongel" complexing agent for 'the 95 and 96 than 
it is tor the rare earths. Thus it is possible to precipitate lanthanum or 
cerium fluorides or tluos111cates'rather comp1etely~leav1ng nearly allot the 
95 and 96 in a solution containing a high concentration of fluosi11cate o It 
is interesting that we did not obtain a good separation of' 95 and 96 from 
the rare earth fission products by elution from an'lR-l column with 8 pdxture 
of BCl and f'luosl11010 acid. The conditions were such that the elution took 
place at a suitable rate but both groups came oft together. Oonsideration 
of these data together with that obtained with citrate might suggest that 
elements 95 and 96 are mora strongly adsorbed on IR-l than the,rare earths 
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'and that the former are also more strongly comple~ed by citrate than are 
the rare earthso Since according to Pateraon D actinium in the lR..,l 
citrate system 1s even more slowly eluted than 1s La ll the posit1ons ot 
95 leads us to suggest that the trivalent actinide series is analogous 
to, the rare earths in behavior in the IR-l citrate system 9 the difference 
between individuals being ot about the same magnitude» and in the same 
direet10n :w1th 1ncreasing atomic number.. Thus element 96 should be more 
rapidly eluted than element 61 although the sepsration of these two might ' 
not be highly ef'f'icient. 

ColUmn: 7 f'to length 
0.7 to l'em diam. 
packed with 40060 mesh IRI 

Condl t10DS used in Separation 

Activities adsorbed on column from 001 N .Hel solution. Hel washed out 
wi th water.. ~ Nt/4 01 trate ot pH 2 Q'5 passed thru column p a large number' 
ot tractlonecollected usually of 5-10 ml Tol.. Each fraction analyzed tor 
total ~ and B- aetiv! ty. Comparison of 95 in separate experiments with LaB 
Y t and 61 was done in short colwnn of leng'th 12" and diameter 1 em to deter.m1ne 
the relative positions of the element8 with respect to eaoh othero 

'" '* 

,~? Q. Ion-exOhange Work ~nyplTll¥t Actini.UM 

S .. Peterson -- ciLu,y ~ , 

Almost Complete separation ot tracer quantities ot actlnllW and 
lanthanum 1s obtained b;y ~uting the adsorbed m:rture from IR .. 1 cation 
exchaDgs resin with 8 0.25 M oitrate solution ot pH near 3 0 To separate 
actinium trom larger quantft'lee 01' lanthanum the column must be sutt101ent+1 
large to adsorb the mixture on a small traction at the resin bed o A 
column 101 'CDlo diameter end 55- «:im .. long 1s sutfloien't taJ:' 0020 g .. lanthan:..-" 

Tracer experiments heve demonstrated that eleven oolumn volumes ot 
0,,25! mono=ammonlum citrate wo~, d quantitatively elute Ac trom IR=19 but 
would elute only one part in 10" ot Ra ~is was used to separate the 
Aa22flj prOduct tram pile ... bombarded Ra22t" The behavior of the rad! um. ser1e8 
activities showed that Ph followS Ac in ~he IR-l prooess" 

* .' 
j 

180 AdSOrPtion Behavior ot Protactinium on Amber11te 
XR-4 and Amberlite IR~l 

" 
Q.o Van Winkle (present~d by DoOsbornel 
r,--. __ _ 

Batch, adsorpt1onstud1es on fluoride solutions 01' protactinium were 
oarried with Amberlite IR-4 For BF ooncentrations between O£l and 207 N 
and BNO:s ooncentrations between 0,,2 and 0 0 9 Neit was observed that 
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was approximately constanto where X is the traction of protactinium 
adsorbed 0 This seems to indicate that an equilibrium between sl~ly. 
charged and doubly charged anions suohas ~ 

.,... + Pa0i' 2 .,. 
...... "" Pa02P3-...,;; 

controls the degree ot adsorption of Fa on Amberli te IR-4" 

Column tests sbowed that the Pa-tluoride complex 113 readily eluted 
tram. Amberlite IRc04 .with solUtions whioh are 003 to 1,,0 N 1n BN03" 
Separation of, Pa :trom. Fe and '1'1 have been achieved bY' elution w1 th 003 N 
~. . 

Column tests w1 th Amberlite IR-l showed tbiit the use 01' 001% 8 2°2 in 
1 N Hel a8 an slutant would effeot. a separation ot Ti from Pa" AlIllC) 
Oo~ oxalio acid.was found ~o ba a useful eluting agent in separating Pa 
trom zr and Cb co 

>It * 
Remot,e Control Methode in Column Adso!]?tion Operation 

G .. W .. Parker 

(no abstraot rece'ived). 

** 
200 New ~1neer1AS Desisns tor Adso~t1on.Processes 

Go P; Monet 

T.Be new e~neerlng design 113 a continuous process where a resin 
slurry ·113 oontacted in a oolumn in parallel or oounter=ourren't now wi th 
a feed containing.the adsorbate" The resin slurry 1s separated from the 
exhausted feed e waShed clean with water II and cyoled as a slurry to the 
next 001 umn 0 In a ,similar fashion» the product is desorbed from the resine 
and the resin is regenerated betore recycling to the first column as. fresh 
adsorbent.,. 

.. * 
,!lo Analzt,lcal Application of Ion Exc,p.ge to ·u~ II 

Separation. of 'l'hor1um from Ul"Wum / 
-Ulloa • • 

Ro W" Bane 
\ 

. AmberlJ:,ie Resin IR .. 1 has been employed to separate the strongly 
adsorbed T.b: ion trom the weakly. adsorbed U0

2
++ lon" 'l'he addition 01' 

hYdroxylamine to the influent liqUid and the use of dilute hydrochloric 

, 

.,.... 

\ 
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ao1d to elute adsorbed U02 makes it possible to aohieve a quantitative 
separat1ono 

The method was developed specifically for the determination of 
Thorium. in Uranium - 'l'horium alloys· containing 1% to lo;b thoriumo 

A d1lute nitric ao1d ( <. 01 N) solution of thorium and uranium con= 
talning hydro%}11ai:n.i.ne is passed thru a oolumn ot Amberli te m:"'l resin. 
Adsorbed uraniwn is el uted by passing thru dilute hydrochloric ac:i.d Q The 
thorium 1s eluted by passing thru a sodium bisulfate solut10no T.t.s eluate 
containing the thorium is made ammoniacal and the' thorium hydroxid.e 

-tiltered otto The precipitate 1s dissolved with dilute hydrochloric acid 9 

and the thorium preCipitated as the oxal~tee ignited and weighed as the 
onde o 

\ 

Reooveries ot thorium trom control samples 1s better than 99~o 

... * 
~2o Separation otPu and Other Substances 

trom BioloSical Materials 

E. Ro Russell and J o Schubert 

\ 
J 

. Plutonium.is extracted :trom liter quantities of urine with a re8ino~ 
oation eXChanger. The method involves adsorbing Putrom acidified urine p 

waShing away part of the organic and inorganic impur1ties adsorbed on the resin 
with dilute hydrochlorio·aoid. The plutonium 1s eluted with strong Help 
the eluate evaporated and diluted with distilled water~ The adso)~tion 
elution step is repeatedo This time the Pu is contained in a SJ'IIB.ll volume 
( I'V 50 ml) so that the solution 1s evaporated aJld mounted di."eot11 on a large 
plat1nwn disc and cwnted, YieldS. bave averaged 8~. 

The adsorption and elution, of purines and other urinary constituents 
. have been stUdied by Dr. S. SOhwartz and associates o They find that adenine 
sul'tate and guanine ere quantitatively adsorbed by. the cation exchange resin 
lR-1OO H tram neutral 60lution~ '!bey are desorbed by 6 N HOl on 1 N NaOHo 
Uric acid 1s poorly a'dsorbed by·IR-1OO HD 8S 1s a mixture ot pentose nueleat1des o 

Coproporphyin in solutions we8kly acid or alkaline 1s adsorbed by the 
anion exohangerj) lR---4 and 1s desorbed by 2 N HC+ or a mixture ot methyl alcohol» 
water. and acetic acido It is also adsorbed by IR~lOO but attempts to desorb 
it have been unsatisfactory. 

Kynuren1c acid in neutral solution 1s adsorbed by IR-4 and d~sorbed by 
1 N HClo It 1s poorly ad~oPbed by lR-lOO Ho This is to be expect.ed because 
at a PH =79 kynurenic acid is Qn .anion 1n true solution and.hence does not 
enter into cation exchangeo 
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23" Uranium. Resonance Absorption 

N. Goldstein 

With pile neutrons and depleted U308 the effective 

J <T ~- . 

was measured f~r ura.n1wn metal e various pdxtures ot graphite and U30eD and 
graph! te using the fa-~ 

.. 

E. 
tor indium as a comparison" Scattering eftects ot toil materials and 
adequate thinness ot f011s were carefully checked. The results were plotted 

'as a tunotion ot soattering cross-seotion per uranium atom. For metal p 

802 blOa scattering cross-section g the 
• I J~ ~ 

1s 904 r OQ5 b& tor graphlte a the other end po1nt~(the 

Sa- ~ , 
1s 237 ~ 3b. The error does not inolude the errore involved in the con-
stants fa- ~ 
tor Ine(thermal cross-sections for In and 238) which were about l~ and 
would raise or lower all the values proportlonallyo 

~ . 
~o Cross~Section Measurements with Pile Osoillator 

, -
c~ D. Mosk 

Development work OD theCltnton Pile Osoillator having been oompleted, 
a description of the instrument and its electronic equipment was giveno 
The electronic synchronizing circuits and power supplies were diBoussed. 

The program ot measurement thus tar is centered around the measurement 
of cross~8ections of small samples of enriched isotopes. Some interest 
was expressed by the Theoretical Group in the measurement of the isotopes 
ot Fe., It was thought ooss1ble that one ot the low abundance isotopes of 
Fe contributes etrongly- to the total cross-section of Fe, The ~ Feo' has 
been measured and ruled out, having a crose-section less than 3 v O barns, 
The separations ara being performed at Y-l2 and it 1s hoped that samples ot 
the other Fe isotopes will arr1ve soono . 

Some interest was expressed in the difference between the danger 
coet~iolent'and activation cross-seotions for Cbo Measurements with the 
pile OSCillator indicate a 1.45 barn cross=section which agrees well with 
other danger .ooeffioient type measurementso 

c::l 
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. 25 0 Te!perature Oharacteristics of the Clinton Pile 

Ao J" 0 Ulri ch 

I.. Barometric Effect 

M~surement8 ara made when other factors affecting reactivity 
ara constant and a large barometric change takes place.. Best valu.e 1s 
.. Oo4!: .0.05 1nhr/_ ot Bg. 

II., Temperature Effect 

When cold pile is broUShtqu1okly from zero to a constant power 
with oonstant air flow a reactivity transient 1s established which upon 
analysis shows two components, the f'irst due to the metal temperatures . 
rising alone with a h81!~period ot about 1 0 5 minutes followed by' the 
second due to the metal and graph! te temp~ratures rising together with a 
half' period of' about 1 hour. 

Best values operating metal temp" coett. :. -0 .. 3! 0 .. 05 iDhr/oC 
"" "graph! te :: -0.,8!' 001 9'1. 

"It "Total ... lol:!:'Ool n 

For a uniform temperature distribution ot the pile in vacuo 

1.nhr ' 5 
un1:torm metal temp .. coef! •. :: =0 0 4 . 'b \ :: -1,,0 x 10 It change 

C 
" graphl'te fI tt . g -1.,9 :: =4 .. 7 
It total It " :: -2 0 3 :: -5.7 

On the basis ot these values the tollowing evaluations were made: 

Metal coeti. :: 

Graph! te aoef't. :: 

I4orri80nQ 8 value'S 

.o.r K :: -1 Q 3 %},0-5 
AIK:: ",20 '1 

LltK :: -+4.6 

Our values 

-1 0 0 x 10-5 

~~K:I =9 0 9 -6 .. ·6 

.61 K + 61f! +- ~~ K :: -'1.' -4.'1 

Total. eoe:f't. :: .4r K -t-~l It + 4 t K.p.oIfK:: ~9 -507 

Ill., Xenon Ef'tect 

72 hours are required to reach 9~ saturat1ono At saturation poi80n~ 
1116 1s 26 1nhr/megaw8tt~ '1'hls corresponds to Xe :: 209 % 106 barns .. 
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26" Studies of' Capture Gamma Rals 

So Dancotf' and Bo K.ubi tschek 

A neutron beam trom the heavy water pile is'allowed to tallOD 
various targets and the ~ radiation resulting from neutron captUre is 
studied. The maximum energy of such radiation 1s determined tor 1'7 
targets. It seems iIldic8ted that this method measures the binding energy 
of the neutron. 

The "yield" ot gamma rays from neutron capture is defined as the 
response ot a OM tube in a certain specified geometry per neutron captured 
in the target. This yield J which would be the same. tor absorbers which 
gave ott identical gamma sP8ctrat is found in tact to exhibit oonsiderable 
unitormitY' tor over 30 materials investigated" In this experiment!) which 
is preliminary as far flS y1 ald. measurement is concerned J only the~mal 
neutron beams have been used o 

... III 

2'1. Some Ksaaurements with the 1aoo Beta-Ral S,Esctromete,r 

P" Wo Levy 

The measurements 'described below were made with two different 
spectrometers, (a) a 1600 ~8ta-ray spectrometer that employs G"Mo tubes as 
the detecting device. (b) the second Is photographio spectrometer similar 
to the one used by Ellis in his olassic work on the conversion electrons 
in natural radioactivities. The coil~ of the magnet in which these 
instruments are used have 449000 turns and utilize currents on the order 
of 80 milliamperesQ Usually magnets ot this type have c011s at several 
hundred turns and utilize currents ot several ampersso ~iB .arrangement 
was designed so one could use a high voltags\rectlfier and regUlate the 
field current electronicallyo 

The beta-ray or counter spectrometer was used to determine the 
spectrum. at 207 Day Au198

0 The end point ot this spectrum is 091 mev. and 
the .K» L and M convers! one ot a gamma ray ot 041 mev. is supel'impo sed on 1 t • 
The aame activity was investigated with the photograpbic spectrometer and 
the value obtained tor the gamma ray energy was confirmed" The r·eglon ot 
B ~ :;;: 1000 to Ii ~,,:: '15,000 was investigated and no other conVersion 
lines were observed. A conversion line of approximately 1% the intensity 

-of the observed Kline should have been detected With either ot these Instru= 
. ments. 

In the same tashion the beta spectrum ot 60 day Iridi~ was measured 
wi th the beta~:t"ay spectrometer and conversion lines that were fO\i.M super= 
imposed on the beta spectrum were oonfirmed with the photographio 

. spectrometero The end point was observed to be .. 622 !lev. and 29 !UollV8rslon 
lines attributable to 12 gamma rays were superimposed on the spectrwaq * 
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It is interesting to note that several lines that: did DOt show up 
above the statistical fluctuations on the curve taken with the counter 
speotrometer were detected with the photographic spectrometer" 

, . 

.rust recently the beta spectrum at 014 was run wi th the counter 
spectrometer. ; 

Because of the extremely long half-life at 014 so much material was 
required that the source wes tar tram' ideal and even with this SO~1roe the 
peak was only 10 times backgroundo However!> the end point obta1nfld g 

,,14 mav" 8 is probably accurate to within ~. 

* A detailed aDalysis of tbese lines is contained in lIION=P-3. 

\" 

** 
- 28. The Double 0!'lstal Neutron Sl'!ectrom.eter 

R" B. BaWler 

A beam i ot neut.rons retlB cted trom the surface planes of a Nat'll crystal 
falls on a seoond crystal and the transmi tted beam9 refiected f'rOli'l 1ntel'flal 
cry stal planes is studied.. The first crystal 1s surrounded by a paraffin~ 
cadmium-lead shield» through a hole in which the reflscted beam emerges to 
strike'the second crystal.. The :f'irst crystal is set to reflect neutrons 
01' 0~0'1 ev energy and the beam has an angUlar divergenoe of about 10 301l

1l 

correspond1ne; to an' energy interval at 0 .. 02 avo An 8D1'iched BF3 !Gounter is 
ueed as a detector.. A small electric motor is mounted 80 as to rotate the. 
second crystal at a constant angular veloc1 ty» W , ot 30 minutes of· arc 
per minute 01' time" 

By setting the counter at'the proper angle to :receive the Bragg 
reflection 1'rOm s particular set of planes and rotat 1ng the second crystal . 
through the reflect10n peak. the integrated 1ntensity» E& ot the reflection 
is rogistered on the scaler.. The cry-stal is then removed and the intens1tyu 
PO s ot the incident beam is measured.. 'I'he coef:ticient of retlection is 
defined ll as !t 1s with X-raysp as 

EW 
R·:: --Po <> 

Using Rael as the second crystals values of R are obtained· of the same 
magnitude as those found with X-rays" Rotation ot the crystal about an 
axis llOrmal to 1 ts surface may vary R by,a tactor ot as m.uoh as 106. This 
may possibly be due to internal strains introduced in the prooess of cleaving • 

. X-ray theory shows thate for a given crystal, 

R sin 2 Q oos ~ : constant x,a& 

I 
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where 9 is the glancing angle which the beam make's with the reflecting 
planes!) • is the angle between the beam and the normal to the crystal 
surface, and F is the crystal structure factor. e. $» and Fare 
functions ot the particular set ot planes used for reflectiono The tol= 
lowing table shows some preliminary values. 

Planes Used R R sin 2 e cos 0 

(200) , co4 5 0 36 x 10, 1
0
97 ~ 10=4 , 

(400) 3 G4l 2022 

(600) 1.44 loll (value questionable) 

(220) 4,,56 2.07 (two different crystal 
(orientations. 

(220) 4022 . 2011 

(111) 3,,21, " 0094. 
(311) , 1.43 0.86 

It 1s seen that the value ot F tor planes having even iDdic8iEi is, 
qui,te ~itferont trOM,that for planes with odd 1ndicoso Further work is in 
progrosso 

lit 4& 

290 Magnetic Moment of the Neutro.! 

W" H. Zlnn 

Tho large neutron flux available ~rom CP=3 should make possible a 
more accurate determination on the neutron magnetic moment using the 
method ot Alvarez and Bloch (Physo Rev" 57!) 111 (1940). 

The scattering cross section tor neutrons oriented with their magnetiC 
moments parallel to tl1e field in a block otiron is different frOJil the 
cross section for anti-perallel neutrons. The increased transmisaionfor 
one.component results in a transmitted beam that is partly polarized and in 
an increased total transmiss1on o If a neutron beam passes thru t~o 
separated blocks of magnetized iron!) such 'is 'WR_~~l/tween the poloa pieces 
of magnets 1 and III flS shown in tigure 3»Aihe intensity of the t:i:'ansmitted 
beam will reflect any depolarization that occurs between the two blockso " 

In order to find the neutron magnetic moment a coil, whose axis is 
colinear with the neutron beam, is placed between the p'ole faces ot magnet 
11 and generates an alternating tield of several ~gacycleso The neutrons 
wiil precess in the field B ot magnet II with a frequency t given by 

t ~ 2uB/h 

where u 1s the magnetiC moment of the ,neutron in nuclear Bohr magnetons 
(eh/4 nYc) and h is PisnckQs constant. If the -frequency of the oscillating 

"" 

• 
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field is made equal to this Larmer precession frequency, the polarized beam 
from magnet I will be depolarized and the transmission through the iron in 
magnet III will decrease • 

. The ch~ in transmission with increasing magnetic saturation.of the 
iron is shown in figure 4 in report CP-3490o The upper curve shows the 
ratio of magnetized to unmagnetized intensitieswlth the blocks of iron in 
magnets I end 111 magneti zed in the same direction., The lower curve 1s 
obtained when 1 and III ar-e magnetized anti-parallel 9 and gives an indication 
of the amount ot depolari zet10n wh1ch occurs between the magnets due to stray 
tields. It no depoI~rizatlon occurred the ratiO tor the lower curve would 
·be I"Ow It magnets I and III were magnetized in the saile direction!) and 
complete depolarization was achieved in magnet 11. one would expect ·ft 'dip\! 9 

or decrease in the ·intensl ty of the transmitted: be8m p .ot one half the dif
ference between these twO curves '-- about 4t' s:t 250 mao These curves also 
show that saturation of the 3 em armco 'iron blocks 1s not complete and that 
it higher f1elds were obtained the dip would be 2 or 3 times as large.' 

in repor~ CP-3490 
Figure 5b1shows the dip in intensity which occurred when, with a 10 

megacycle alternating field in the rof. co1l t the field of magnet 11 was 
. increased through resonance.. The current in 1 and III was 250 ma (about 

6100 oersteds}s the polarizer and analyzer were armco iron blocks 2 0 54 x 
2.86 em in area and 3 em thick in the direction at tbe beamo The dip was 4" of tbe total intensity ot l2 g oo0 cpm on the BFS counter. The bed was 
collimated to 2" 5 em high and 0,,9 em wide.. The field ot magnet II was 
measured to be 3370 ! 70 oersteds. This gives a value ot the magnetic moment ot 

u = th 
21i 

= 107 x 6062 x 10-27 : 0
0
978 x 10-23 

·2 x 3390 
or 1 0 94 ! u04 nuclear Bohr megnetonso 

Bloch and Alvarez obtained 1 .. 93 ±.. ,,02 tor the moment, but since the probable 
eITors overlap so fur the di:trerence is not significant. The frequency of the 
OSCillator was Sit to Eero beat with the 10 mc signal ot WWV of the National 
Bureau ot Standards so prfJctically all the uncertainty in our result 1s in 
the msa.urement of B. Fig. 5a 1n report CP-3490 is.,obtalned at 6.3 me and . 
1800 oersteds.. . . a dip 

At present an att'empt 1s bei.ng made to measure the proton mOJllent in the 
same field that is' used tor the neutron. This would give the ratlo of the 
two moments in terms ot a ratio between two frequencies which could be measured 
with high accuracy. A permanent magnet 'has been constructed with a field ot 
1880 oersteds, uniform to 0.6% over an area of 3" x 6w, to replace magnet lIs 
and extra coils have been added to magnets I and III whioh increases their 
tields by 3~ for the same 250 me. to which he~ting limits them. 

• * 
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14 30 0 Pre1i1D1nary Measurements ot C Radiation with 
an Ion Chamber and Vi bratiIlfi Diaphrae Electrometer 

R.I:. Swank and William P. Jesse 

Preliminary measurements have been made of the ionization produced 
by thin s011d samples ot C14 1.0. the tor.m of sodium carbonate and sodium 
acetate in a specially designed ion cAamber coupled to a v1brat1ng
diaphragm electrometer. This chamber is fitted with a drawer which 
pulls out to reoeive the sample!) usually mounted on alu1D1num. foilo' The 
measurement 1s IIIlde by timing the travel 01' the needle ot the output. 
meter over 1ts .scale. The eiectrical capacity ot the system 1s 20 momot. 
and tull scale voltage sensitivity is 100 millivolts •. The sampies were 
kindly turnished us by Drc P'1nkel ll who gave us a rough estimate of the1r 
activity in dislntegrat10ns/seo based on measurements made by him with a 
mica-window counter.. Our measurements with the ion chamber system. on 
~ samples have ,0 tar proved quite as reproducible and reliable 88 
those made with a mica-window counter.. A set ot ten different measurements o 
e80h ot 20 m1nute~ duration, save a standard deViation from the mean ot 
$.. No single measurement diftered by more than $ trom the meano This 
sample would count about 30 a/min above background on a mioa-window 
counter. 

II< • 

3L rne Balt-Lite 01' C14 

by LoD.. Norris 

Several samples of BaC03 containing c14 were analyzed by Dr. Ao J. 
DempsterOs group in Chloa8Po Small weighed portionsot these samples were 
then oounted in a low absorption counter to determ1ne the absolute dis-
integration rate" then. very s~plYD . 

Tl. :: 
2 

069 No 

N(' 

The low absorption oounter wes ot the usual type & i .. e~ II a oounter tube 
(with a weightless zapon window). mounted in a large, glass desiccator 
titted with a rotating tray 01' aluminum absorbers" This counter was 
standardized 'wl th ux: i wh1ch had been evaporated upon fUms ot weightless 
zapon1n order to eliminate backscatter1ngo 

Portions (approximately.0.15 milligrams) of the BsC03 samples were 
weighed on a mioro balance, transterred to holders of one mil alum1num~ 
slurried in alcohol by means 01' a micro stirring rod ll driedlj and counted 
in the low absorption counter.. Upon making a previously determined baok
scattering correction/) the total number 01' disintegrations in the sample 
were obtained e and Ti calculated" Two weighed portions of one BaC03 sample 
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gave values for \ ot 2O~OOO years p and. 181)000 years" Since thIs countiDB 
work 1s still in f1 preliminary stages we shall DOt attempt to evaluate the 
s1SD1t1cance of the above valuos for the halt llfs" 

•• 
324 Cross Sections for Fission Neutrons 

by Do J' .. Hughes 

The work previol181y reported (0]1' ... 3403) -on radiative capture eross
sections tor fission neutrons showed extremely low values for light elements. 
We have now extended the mea8ur~nts to (n .. p) and (n ·.:C ) reactions for 
the light elementsl) where in some CB.ses the C1"OSS sections exceed the (n Y ) 
cross-sections.. The values obtained for the average cross-section for 
t'1ss,};on neutrons range trom 0.01 millibarns f'or the 016 (np) to 8 mb f'or the 
Be (n t-<. ). The average crQss-sections d ecrea.se with increasing threshold 
energies rougbl, parallel to the decrease of the number ot neutrolls1n the 
fission energy spectrum, hence give information on the extrapOlation of the 
spectrum above measured values .. . .. 

53. Vass Assiglllllsnts and Enrichments 

by A.. J. Dempster 

A sample 01' carbon 14. sent to Us by Dr. Snell I) has been analyzed by 
iIr. Ingbram with a N1er type mass spectrometer.. The sample was in the form 
01' barium carbonate and carbon dioxide was obtained, on the advice 01' Drc 
Wl1lard& by simp11 heating to about 10000 in a quartz tube. The small 
amount CO2 given of:! at low temperatures was not as rich in carbon 14 as 
the main. amount, Sll8gest1ng that the absorbed carbon dioxide from the air 
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 
1s the 13 hour palladium isotope to IIIlSS 109 and not to 107 8S was once 
supposed. The analysis ot the neodymium. samples prepared by Dro Gladrow at 
Ames by adsorption processes are still uncertain. ' There appears to be· an 
enrichment of the light isotopes in the tail traction. However. there are 
alterations in the heaviest isotope at mass 150 tbf.lt cannot yet bl:; inter
preted. 

* .. 
34.. F1ssionabil1 t1, St.udies: po210 and N"p25: 

by :T.. :T. Floyd 

Samplos ot Np239 and Po 210 have been studied for therIll8l tissioD.ability. 
The method used was photographiC involving speCial treated commercial 
materia1so The sample for study is placed in contact with the photographic 
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plate and exposed to thermal neutron tlux ot lOll neutrons per square 
centimeter. The exposed photographic plate 1s stud1ed tor fission traoks 
with a high power microscope. L1miting cross seotions may be determined 
uPQn the basis ot the number of events observed. The cross section of' 
Po2l0 1s certainly less than 10 ... 25 centlmeters2 and the cross-section, ot 
Np239 1s'probably less than 5 x 10-24 centlmeters2" 

.' . 
55., Recent ResUlts ot Hea!,l Isotope Work 

by Glenn T., Seaborg 

Ao PropertIes ot Element 95 

10 Oxidation stat'6s. 

The most stable oxidation state in aqueous solution is almost certainly 
III" This conclusion is based on (a) the pronounced similarity in chemical 
properties ot aqueous solutions ot element 95 and of the tripositive rare 
earths, (b) the adsorption-elution behavior ot 95 J relative to the rare. 
earths. on amberlite columns (the behavior of 951s that eXpected tor a 
tripositive ion having the radius predicted for the sixth member of the 
actinide series) and (,e) the similarity ot the aqueous ,solution absorpt10n 
spectrum ot element 95 to that ot tripositive europium. its ,rare earth 
analog .. 

A higher oxidation state may be obtained by oxidation with bromate in 
" ... 15 II HNOS • The tormal oxidation potential of the 95 (III-III --t- xl couple 

in 4 AI BNOS is almost certainly more negative than cs" -2 v (since there is 
no oxidation b7 AcT" in 4 M,lINOS)" 

In alkaline solution the tlesh p1nk color of the solid hydroxide. 
95(OH)SoXHaO is changed to reddish brown by the addition ot Ba02 or OlO=o 
This may be evidance for oxidation in alkaline solution. 

The IV state 18 known in the black oxlde g 9502 (identified by Wo Ho 
Zachariasen). This oxide is obtained by igniting the nitrate or the hydroxide 
ot the III state in air st 500~60000o There is some preliminary evidence 
that thermal decomposition of the dioxide (presumably to the sesquioxide) 
may be brought about at higher temperatures. 

PolarographiC evidence of a very preliminary and tentative nature indicates 
that 95{III) 1s reduced at the dropping mercuryelectrods at a potential ot 
caD ~Oo8 v (latimer convention)o 

110 Oompounds" 

In addition to the compounds already mentioned. a trifluoride has been 
prepared by preCipitation trom aqueous solutloD 9 and a trichloride by the 
action of 0014 vapor on the oxide at 700000 
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Ill" Aqueous ions '" 

The color ot aqueous solutions ot the trlposit1ve ion in 1-2 M HN03 
or HCl is pink. The absorption spectrum ot the aqueous ion in 1 M HN03 
has been determined :tn the region 350-1200 millimicrons, using t.he Beckman 
quartz spectrophotometer. The characteristics or the principal absorption 
bands are as tollows: . 

Location ot Apparent Halt-width 
Maximum (m p ) E (mp ) 

503 ! 1· 300· 5$ 

8l2!: 5 60 30 

98'1 ! 2 20 15 

·Not completely resolved by the spectrophotometer. 

In 15 M BN03 a maximwn occurs at 506 ! 1 mp' B and there is a 
pronounced decrease in the value ot E. 

IV 0 Em.1 asion spectrum" 

F1fty-one lines in the emission spectrum (copper spark) or element 95 
have been determined by Mark J.l'red and Frank: Tompkins" The wave lengths ot 
ten ot the most prominent lines in the region 2'100=400QAo are as follows! 

3926.24 . (Probably unresolved triplet) 
3696.43 
31S1.88 
3008.39 
29'12.57 

.2969.29 
2966.71 
2920.61 (Strongest line) 
2'156.55 
27.55.78 

About 004 microgram or the element may be deteoted speotrographioally. 

V.. Specl.t1c aotiv1ty and halt-life 

The specific aotivity haa been determined as 3<>6xJ.06 counts per minute' 
per microgram in a standard "50%19 counter.. This figure corresponds to a 
halt-lite ot ,...,490 years. The error. in these figures 1s almost certainl,. 
less than !" 3~o 
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Be Fissionability 01' Heavy Isotopes 

. Barns Chemists Resp 
Of for Puritlcat 

223 (aeX) <l~ Peterson 

226 "1 "lxl0
4 Ames 

228 ( 11 sThI ) <2 Peterson 

227 <20 Peterson 

227 (Rue) MOt 200 Peterson 

229 40:t 10 Studier .. 

230 • ~ 0.0012" Van W1nkle 
'232 , -::- 2 x 10..,5 =F Van WIDkla 
231 OQ010 ± . 0005 Van Wi.n.kle 

2~ <0 .. 1 Studier. B 

232 70± 10 ! Van Winkle 
237 O.018± .. 005 Osborne II J.I 

Magnusson 

238 "18 . Osborne, 
240 '-180 Westrum. .J 

241 ,208 Cu.nniD8haDl 

242 ( I"'V 600 ) * Thompson 9 

-

onslble 
ion 

agellllUl 

lndman p 

ames. Flori 

So G" 

+- Since Th230 contained Th232 value rOl' Th232 was used to get net ett'l7)ct 

due to Th230 .. 

. ~~ If' 95241 <f :: 2o S .. b and no Pu239 cont8Jll1nation .. 

, 
C.. Suggested Names for Elements 95' and 96 

Elements 95 and 96 should of course have names and w@ propose tbe 
following in which these actinide elements are given names by analogy with 
the corresponding members 01' the lanthanide earths. We suggest for element 
95, with its six 51' oluctrons v the name "amerlclum"& symbol Am; thus this 
element would be named after the Americas» or New World & by analogy with 
europium I) w1 th its six 41' electrons 9 wh1 ch was named after Europe () For 
element 96 9 containing seven 5t electrons. we suggest "curiumw• symbol Om» 
'after Pierre and Marie Curie~ historical leading investigators in the nela 
ot radioactivity; this 1s by SllBlogy with gadolinium. containing seven 4t 
electronse which recalls Gadolin. the great 1nvestigator of the rare earthso 
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56.. Cyclotron Bombardments ot u255 

by Mar:t1n HD Studier 

Low atomic ~ght neptunium. and plutonium isotopes were prepal:'ed bY' 
bombardment of U wi th 22 Mev deuterons and 44 Hev helium 10nso A 4,,5 
day orbital-electron capture activity (flccompanied by a 108 Mev geJnma ray) 
is a:':!'etgned to,Np2M. The limit of alpha' branching 1s set at' < (."Ol,r.. 
An i.sotope with an apparent halt l1fe for alpha decay of ,.., 10 ~Ot;,,:a and an 
en~ 01' cs 6 Mev i~ assigned to Pu2M .. The absence of any evidence for 
PU indicates its halt l1te for decay by orbital-electron capture to be 

. < 12 hours or > 5 years.. A 40 day orbital-electron ~apturi~ isotope pre"" 
vious1y aSSigned by J'amesFlor1n. and Hopkins to Pu235 or Pu 37 may now be 
deQsttely assigned to pub?.. Evidence tor the reaction U233 (de ,:;0(,. n) 
Pa 'VIas found. I 

* tal 

57.. Production ot Actinium. from Radium; 
Properties ot Actinium and Its Dausaters 

by S" Peterson 

(No abstract received) 

*. 
March 19" Chemlst17 

3f3o Contributions to' R8dio-Chem1~try ot the 104 DaT yOO 

by ~"Overman 

The gamma-emitting, long~lived yttrium isotope trom deuteron bombard= 
ment of strontium is used in,various fields of appliod ra~lochemistryo Data 
are given for' a highly purified Preparation of the isotope. Radiation ab'sorp
tion curVes are presented with a discussion of secondary effects observed in 
standard counting procedures; under conditions of low sC8.iter1ng and magnetiC 
de!'lection ot Compton electrons" a component was discovered which corresponds 
to the K X-rays of strontium., The balf ... li fe was found to be 104 :r 2 dayso 
Mass spectrograpb1canalysis ot the sample by Dl:>oR. L. Bayden of the 
Metallurgical Laboratory shows the' radiations arising only trom mass 88 0 

Bombardment or yttrium with high energy neutrons gives the two isomers 
of y88, of 2 0 0 hour activity and the 104 day activity~ the 60 hour activity' 
of y90 8 the 55 day act1vity ot sr89 • Absorption measurements of the positron 
energy associated with the 2,00 hour activity give a value ot 1065 r~ev rather 
than the 1.2 mev value reported in the literature. This new value is in 
better accord with the theory ot the existence of independent iaoma.rs • 

.. .. 

,I 
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39" Summarx o~Fisalon Product. I,!lvest~~atlsme a~ El!:W 

by W .. Ho Sullivan 

Experimental work at Bl!.-W was directed toestabl1ah the eXistdl1lCe or 
prove the absence ot certain'10ng-11ved'act~v1ties which have been reported 
i,n previous project and published lIterature or which theol;"stically could 
be prI!Jsent p according to the Bohr~Wheeler calculations ~orunstable nu.cle:L 
Most ot the activities which were sought occur in elements whose :isotopes 
lay on the extremities of the fission yieldvso mass number curve and which 
could be studie.d most easily in solutions of high specific activity: 

A summary ot these investigations is included below. ... 

1~ ActIvities in daughter extractions ot active Ceo 
The t rans-Ce act1 vi ties derived from Ce parents which bad been reported in 
preV1QUS pro ject 11 tereture do not exist in pile :ti ssion .material ~ According 
to experimental evidence the "red Pr" was probably due to 57d y91 contam1na~' 
t10n ; the 11d "trans-Celt was due to the 15 ~ :£lrl43 contamination'; and the 
"ly trans-Ce" activity, to the 275d Cel44 activity. ' 

20 Rb. 
No long-lived Rb. activity is produced in pile fission •. 
upper liJlli t of the fission yield leads to the value ot 
,Rb isotope ot ..... .1250 halt-lite" 

3" Mo 

Calculation ot the 
< 6 x lO~'7" tOJ: a 

No long-lived Mo aotiv.1 ty' is produced in pile tission.. Calculation of the 
upper lim1 t of the tission yield gives a value of :< 4. -x lO-~ tor a Mo 
isotope of ,...., 60d halt-lite.· 

4", .'Element 43. ' 
A long~lived activity having decay and radiation characteristics unlike any . 
fission product thus far identified was tound in 25 gt materiald Estimates ot 

. the half-life, making assumPtions concerning fission yield gnd cbemical recovery, 
lead to a value o~ > 5 x 103 yr. and probably less than 10 yr. ' 

50 Pd I 

No lo:ng-lived Pel activity was found in the plant dissolver solut',on" It 
FdlO' is"long-lived, its half-lifa must be of the order 108 years .. 

6'0 Sn 
Along-11ved Sn activ1ty with a halt-lite of 130d was identified in the plant 
dissolver solution", It was tound to emit only beta particles whose' .maximum. 
energy according to P'eather analysis was 1,,0':"1 .. 6 Mev. The fission yield was 
observff~Y be 0.001.0 The TcttV! ty is probably an isomer ot ei ther the 
lOd Sn or the S2h Sn (121 aetivi ty 9 both ot whi ch decay to !;~table . 
antImony isotopeso 

7., Sb 
The @ontroversial long-lived (250-400 day) Sb activity was tounq to, exist. Its 
halt-lite as determined by measurementa over several months was ,.-v207. yearso 
AsSOCiated with this activity are "'" 0 .. 5 Mev electron!1S·t 0056 Mev gamma rays!) 
and ... .;0.026 Mev x-re.ys. From considerations concerning the fission yields» 
possible isotope assIgnments and decay mechanisms g it is consldel'ed' possible 
that the activity 1s s nuclear isomer 'otstable isotope Sb123., " 

\, 
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80 I 
An I sample v which was collected from the stac~ gases in a scrubber column 
an% which at the end of bombardment contained more than 40 curies of 8d 
II 1 as based on an extrapolation of the experimental decay curves v was
tound_ to contain only 1"1.130 counts/minute of a long-lived activity after -
37ld of decay_ Calculations of the lower limit of the half-life for isotope 
1129 lead to a value of > 3 .. 8 x 109 yr. p it o~servable ($. radiations are 
pre,sent. 

90 As 
No long-lived As aet1vi ty with a halt-11te of 40-400d was found to be formed -
in :fission wi th a: yield ;;.. 5 x 10-~. I ' 

,. lie 

40.. Deuteron and Belium Ion Bombardment ot Pa231 

by D. W. Osborne t Ro C. Thompson and Q .. Van Winkle 

(Presented by DoW.Osborne) 

-Bombardments ot Pa231 by 22 Mev deuterons and by 44 M.ev helium ions 
have produced two new uranium act1vlties p in addition to U230 and U232 : a 
4.1-day x~ray activity belie~ed to be due to K-capture by U231. apd a 1.5-
day 8lpha~activity tentatively assigned to U229 • Repeatedmilkinss 01' 
thorium trom. Aihe uranium fraction ~gflated atter the deuteron'bombardment 
have shown that the halt-lite ot U for alpha emission is over 100 years» 
corresponding to an alpha branching ot less than O.Ol~o The only activities 
found in the ~otaCtinium fz:act10ns were the previously lmown 15- emitting 
Pa232 andPa2 

f although there wes some evidence for a daughter of Pa229
8 

(k~n trom previous work to be an alpha emitter with 33-hr. ~alf~life)" 
Fa emi ts a gB1l'UD.8-ray w1 tb 008 IlIev energy» aDd the Feather rangEl for the 
1'.- is ab~ 450 mgfcm2 in aluminum. (1"1 Yev).. The half-li1fes tor 

l>a232 and Fa e as determined by decay of the radiat10n through 5 gfcm2 ot' 
lead o are lQ4 days and 18.2 days» respectlvelyo ,The neptunium fraction from 
the~elium 10n bombardment had 8.4.3-d81 x-ray and gamma actlv~~ probably 
Np2 »which had also been found, in deuteron bombardments ot' U and U235

9 

and an unIdentified softer Geiger activity with lo5~day half-lifeo 

410 Color Production in L1 thium Fluoride bl Radiation 

by Arlld Jo Miller 

Crysta.;Ls of synthetic' 11 thium fluoride are colored 'by electron. x-rq, 
and pile radiation (neutron).. The principal etrect ot pile radiation is 
caused by the L1 6(n g 0(. )U3 reaction» the oC. and B3 particles baving a total 
kinetic energy of """'4 .. 6 Mev •. QUalitativelys the-color depends' upon the 
amount of ir.radiation~ 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 e 
and 650 mu which are identical in position tor the different irradiations, 
and are identified as F j R, Rp Mp and F9 .. bands g respectivelyo Beating at 
3000 C restores the original transmission. 
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420 Behavior of Pu in the Presence and 
Absenoe of Ci~rate Solutions 

by lack Schubert 

Fig .. 2 shows how the ultraf'1ltrab1l1ty of 'plutonium dec11!'l(.;:; with 
inorea.sing pH 

90 

~ 
diffused 

50 f .. 

I -
Fig .. 2 ' 

1 '2 3 4 5 

The drop at pH 2.5 is due to polymerization.. At the same pRo material begins 
to,adh,re to the membrane. Addition of 10-5 m. citrate 1nc~eases diffusion 
markedly; at 10""3 Ill. 01 trate v dittu,sion becomes cpmplete& and no sticking 
to the membrane 1s observed~ This is the result of the formattoD of' a 
pluton1um-c1trate oomplexo Fig., 3 shows how this comp1exing affects the 
adsorption ot·Pu on lR~30 ros1n. 

7~ 
Adsorption 

no 01 trate 

citrate added 

J ' I ~ '-
Fig., :5 

1 3 pH 
From these observationsi' the cOlllplexion ourve can be der1ved~ 

'-. 
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200 '205 pH 

l "!!UIV bBS8 stronger tendeno,. for. complexing with citrate that, LallI or 
Bal ± the pU0 f corresponding to 50!£ oomplexing are 29 S and 4. for PuIV 0 
LaI ! 8lld Ba! respect! vely • ' , 

I 

There is some evidence that i?u complexes with proteins 1n blood.. This 
is to be tested by ultratiltration~ 

*~ 

430 Potent1als of Pu CouEles 

by: K" A" Kraus (Clinton) 

Trivalent ;elutonlwn in Hel is probably not complex up to pH ~'o From 
there on» oomplexion occursg 

pu3+ ~ 702 ) Pu (oa}2 +- " PU(OB)s 

" 
Tetravalent plutolliwa probably forms free pu4T - ions in strong acids 

but begins .to hydrolyze at pH ~ 1" 

4+ pK 1,,3-1.4 ()3+ Rapid polymerization to coll01([ 
Pu ~ Pu OR ' --:"7 

[ 
..,..002} 

Pu( OR) ;. predpl tatton 
.\3,,8 

>t 

" 

Pentavalent pluton1um'preaume.bly is PUO~ up to 0 .. 5 N ac1d" 
not hydrolyze up to about pH 9 (pK :: 9,,7)0 

It does 

!!e,X8valent pluton1~ 1s supposed' (but not actually proved) t':l be ,.pU02 rl' 
up ~o about pH 5.. It then hydrolyzes 
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PuO ++ pK 5,,5> PuO «OH) pi{ 9 08 t- PuO (OHr" 
2 , 2 2 ' . 2· 3 

Q 

We can accordingly prediit the iH-dependence ot E tor seve~al Pu= 
coupleso For example ll the Pu II/puI potential ahould°be indepenf,ent ot 
pH below pH 7. At pH 105. when PuIV- rapidly polymerizes» E~ ChaD.!''38 with 

[Hi40 

Pulll must be capable ot reducins water tram pH 6 on. 

~ V. ' 
The potenti~ Pa /Pu can be cal.culated trom the',known paten,t,ials or 

PuIV/PuVI aJ:ldoPu JpuIV. No complete agreement exists between all messure- . 
ments.. The EO is pH-independent (Rt -0 0 86 volt) above pH 5 p since both 
reductant and oxidant 'coDcentrat10113 are propo'rt1onal to [wJ.. ' 

The PuV /puY! couple ,lS 'practically reversible. 
o ' 

The measured Eo = value is -0.:,92 volt at pH 3 0 5. 

• 11= 

44 Q Recent WO~-2!l Redox Process 

b1 L Soettner- (Chicsso), 

The redox method has been undeJ." development at Chicago since l\.ugust., 
A pilot plant 1 operating on batches~ has been built and tound to work satis
factorily. It has been inspected by duPont, and a larger'pilot plant (process
ing 001 ton U/da),,) will be' erected at Banford. 

Five, columns sive 99o~ yield and a decont8m1nat1~n tactor ot 10703 (in 
~ 's aewell as ~r e) 0 Plutonium produced contains, only 0 .. 1% uraniWli; the 
residual activity is due mainly to Ceand Ruo 

An alternate ealtingcoout agent 1s now being stUdied .. 

. I 
In column I B t the use ot ferrous sulfate with hydrazine and IjN Nli4,.N0

3 lead to a 005 - Oo~ loss ~f PuG 

By reducing HN03 and replacing it by acetic aeid& the loss can 'be cut to 
Oo~c Another attempted sUbst1~ut10n was that of Al(N03 )3 for NB4N0

3
o 
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45. Ac"tion ot Elec-:tron 'Be8,!ls and X-Rays on ru.~ll Purified rla.:!iet: 

BY' john A. Ghormley 

Pure water in pyrex cells was decomposed by electron beaDts an.d A-rays 
to tield hydrogen, hydrogen peroxide, and oxygenQ The initial products 
were shown to be hydrogen and h)'drogen pero~ldeo By suitable ad,'.ls;tm.ent of 
the operating variables t net decompos! tion ot water or net f'or.ma:tL;>ll ot water, 
tron the decomposition products coUld be made to occur" Theconeontration 
ot products at the steadyaate wherein no net change occurred, increased with 
increasing radiation intensity and with decreasing' temperature. 'l:he observed 
initial yield (~'!»)'var1ed tram 0.1 to 0.5 molecUles ~ per 100 8"7 0 All 
results are explBrned on thebas!s ot tree radical mechaniams~ H and OR being 
torme~ as a result ot ionization ot water molecules by fast electronso The 
steady state concentration was tound to increase when water was allowed to 
stand in the pyrex cell for three weeks» presumably because otsensitization , 
ot 'the reaction by dissolved glasso Mechanical agltat~on ot the c~ll during 
eleotron bombardment produced a large effect on the steady~8tate concentra
tion;,this effect indicates presence ot a relatively long-lived tree radlcal 9 

pre sWl8l?ly 002 • . 

... 
'460 A Slstem tor the Seearat10n ot Uranium from Thorium 

"S1pg Or6anio Complexin~Agents in Solvent ~tra~tion 
.. ~ ~ I 

by 0.. Ko NeVille 

A method has been developed tor the recovery ot small amounts ot uraIl1um 
from aconcentratec1 thori'um solution by the use of organic comple:J.lng agents 
and solvent extraction techniques. ' 

Certa1n d1thiocarbamates (R1R~CSSNa) have been found to be excellent 
oomplexing agents for uranium in the presence ot thorium,and to promote the 
solvent extraction ot uranium trom thorium. in very high yields. Of' the 
dithiocarbamates that have been prepared p those derived trom. seoondary amnes 
are better agents for the purpose than those derived from primary amines. 
Those derived from phenyl &mines are superior both in complex1ng ability 
and stab1li ty. The best sgents found are the sodium salts of: ethylphenyl- p 

butylphenyl""~ and benzylphenyld1thiocarbamateso • 
The experimental procedure 1s a.s tollows: A uran1um-thorium solutio.n. 

1 molar in thorium snd 3 x'lO-5 molar in uranium g and which has been pre
viously adjusted with ammonia to a PH of 3 8 ,1s shaken 5-15 minutes with an 
equal volume of~yl acetate to which has been added the organic reagent to 
the e%tent ot 10 ... 3 molar. When the layers a.re separated Q over 99% of the 
uranium has been extracted into the orgenic phase.. Less tban Oo~ thorium. 
1'e extraoted" 

Stripping to the ext~nt ,ot 9~ may be aocomplislied with an equal volunte 
ot 1 114 BNOao It 0.5 II BN03 1s used s uranium :ecovery is 90t' per batoh. 

it a one-~alf volume ot ethyl aoetate 1s' used in the tirst extraction, 
the uranium is extracted to' the extent ot about 95~ on a small scale. This 

\ 

~'~ 
~ 
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may be improved on a larger scale. One-half' volumes of, 1 M BN03 :for str~p
ping out the' uranium recovery to 85 ... 90 per cent" 

The work on the process bas 'been taken over 'by the Chemist17 Seotion 
ot the Technical D1vis1on at Clintono 

.* 
4'1. Activi tl Coeffic1ents of Plutonium 

'by R • .E. Connick (Berkeley) 

We studied, the extractionot P1l into 'benzene wi tb\trU'luro acetyl 
acetonate as ,chelat1ng agent ' 

I 

4+ ' 
Pu ...,.. 4: 11K in (C~6).... .. p~ K4 in (OsB6) + 4H+" 

The extraction. ~s proportional to [KJ4~ 

Const 
_ (PuK4 ) ell .... )" 
- -(Pu4+) (~)4 

where parentheses reter to activit1es in the 'benzeM phaseo Assw!l1ng (PuK4 ) 
to 'be proport1onal to concentration (since we deal with tracer quant1ties}D 

land the same to 'be true ot 11K ('~ecause the cQ;ncentration is low) D we obtain 

Const :: 
If' BTL B + 1 ~uK4 ] 

-=' ----

,t"pu4+ [pu4+J fmc]4 

where square braokets indicate concentrat1onl:lo 

w~t 1s measured, 1s [PuK41. 
Wp stUdied the effect ot I,l.ixed acid 0 eeC;. that of addit10n of' H01' to 

HCIO, " The results indicate tba extent of cQmplexing of Pu wi tb. 01=. ' 

~fim ~PU ,+ and the potent1alsA) one can cAleu.l~te ~",v6.1~es for PuV 

and Pu G 
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480 Xe POisoning and Pile Stab!l! tl 

by G. Nordhei m. and H. Soodak 
. (Clinton) 

An all actual piles, the react1vi ty does not onl;y depend on 'the 
position otthe control rods. bUt also on quantities 11ke the temperature ~ 
and tission prod~ct pOisoning which in turn d~end on the power level. 
Therefore, piles have a certain equilibrium power. The question of pile 
stabilIty consists in determining whether deviatIons from the_equilibrium 
state decayo in wbich, case Jthe pile 1s stable a or build up, in which case 
tho pile is unstable., 

, Since an increase o~ power decreases the amount ot Xe in the yile 
(by neutron capture) and therefore increases the react1vitY9tbe·Xa is an 
unstabiliz1ng teetor. The temperature o on the other hand, 1s a stabilizing 
tactor 'tor piles with a negative temperature coeftlc~ento Calculations 
were made o~ the periods with which deviations frOm equilibrium build up or 
decay 0 DOt only tor the X aDd W piles but also for the proposed light-water 
cooled. heavy-water moderated heterogeneous pUe., q 

The ~ollowing table gives the unstable periods due tp the Xe tor the 
.three piles with and witbout taking ~he temperature effect into accounto 

- I 
Xe alone 

x.. -+ Temp" 

Unstable Period 

X - PU. W-Pile New Pile 

, 

98 min, 11 min. 09 min 

No pos.. period 
\ 14 miD" AJ8 m:l1.n 

49" 

... * 

!!g;ration Area in BeterofSoneous Piles 

by R. Scalettar and A" Weinberg 
(Clinton) 

I 

-' ---- --'--

In the investigation of the characteristics of enriched lattice piles . 
the Simplest procedure 1s to determine the pile constants in such a way that, 
at once 9 the formalism of-the homogeneous pile equation 1s applicable and 
thats ot cou.rse, the correct results will be obtained for critical slzes"p 
mot1on of the pile, etc. 

" 

Since most ot the slowing down 1s accomplished by the modorator the ' 
age is practically unattect'sd by the lattice structure (in enriched p1les ot 
low concentration). The diffusion length 1s the only quantity which needs 
to be adjusted tor the heterogeneity ot the pile. The problemthen.is to 
dotermine the diftusion length, L, in such a way that the ~omogeneous thermal 

J 
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theory equation 

L 
2.6., -t- kOO .. lsO 

g1V8S the oorreot Laplaoian s ' II t and oonseq~ently the correct pile size; 
liere kc:lO is the reprod~ction constant for an intinite mediumz:o.d is 
giVElu by 11 E t flO (neglecting resonance absorption which is S:a all in 
the enriched pile). 1'\ 1s the numbe~ ot neutrons produoed r''f~l'' 
absorption by a fissionable atom~ e the fast effect contr1b~i;,:;.on to 
reproduotion» and f Of,'.) 1s the thermal utilization for an intinite pile" 

. If'p tor thetin1 te lattioe pile, we define r eft:: number 01' ne~trOIls 
absorbed in U in cell/number of ne~trons produced in ,the cell. thv critical 
condition tor the lattice is 

/ 

kerf R 'l ~ reft = 1 

Comparison of these two equationa- whioh must expreas the same crH .• ical coOO1= 
tioD. we find for the L2 whi'ch gives the correct Laplacian 

'2 L ;: 
1 

1 d!1 1 

t oQ ... "eft 

t
ett

' 

The evaluation ot too and tett was carried out tor ~ bare rec
tangular lattice pil.e infinite in the X-direction and tinite in the Y and 
ir direct10DSe the halt thickness per cell of uranium being Xo and 01' 
moderator X1~lt waS assumed that the number ot neutrons becoming thermal 
lnthe moderator was independent of X and that the uranium did no slowing 
dOWIl" Under these assumptions one obtains (where Lo is the dif~u.slon length. 
in the uraniWllw L 1 in the moderator) 0 ' 

L2, ~ L~ (1 = too ) - 2 
Lc, t~ + oorrection terms 

The significanoe ot ~he tirst two terms is that it one imagined'our lattice 
to be smeared into 8 homogeneous structure these terms would be olosely the 
correot dittusion length tor the mixture. The correction terms ~re 

[

0"'8
1 

Xl 
co~ect10n terms ;: ~ t>O ". a~ 10 

+ 1 .d 1 L 2 (' 2+1 ~-1-L-2 
1 1 - 0 
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. Here ~ and 0'8.1, are respeot1vely t.he al>sorption cross sections in 
. uranium and modera1;or" '!'he correction terms for all usual geometries. are 

small and for the volwue ratios of . the enriched pile amoUllt to only a.bout 
4% of the first two termsQ Thus the critical size may be calculated 
correctly using the homogeneous expression for the diffusion lengthQ 

The assumption 1n the above caleulation concerning the oonst:::i.lCY of 
. thermal neutron production in the X-direction is not striotly corf.'eCt but 
it is not believed that this will produce more than a second order correc
tion since the result depends on total thermal neutron production rather 
than its distribut10n~ However. a calculation on the basis of tbetwo 
group theory to check this point is in progress" The question of the cor
rect expression to be used for L2 during the motion of the pile (noll= 
stability) is also under investigation • 

•• 

500 Proposed Experimental Facilities for .. t:o::~:= p'?I:--f' 
The present conception ot the P-9 moderated light-water cooled 25 

heterogeneous pile,at Cl;nton envisions 30 active sub-assemblies spaced in, 
a lattice 01' diameter 93 em and length 100 ems surro!lDded by 20 em at P=9 
refleotor toPe bottOMg and sideso A ring 01'26 thorium rods 1s situated on 
a diameter of 13'1 om which 1s baCked up by 20 em. of P-9 reflector" An 
aluminum reactor tank 1'15 10m. in diameter and 140 em high results" This 1s 
surrounded on the sides by 75 em of graphite containing 69 C14 or coollng 
holes g 6ft 01' iron thermal shields and 8° ot concre~e biological shield 
replaoed by 42ft ot W-typeshield a~ three polnts~ ~e reactor tFnk is 
indented at five points to permit experimental tacilities to approach the 
lattice tram the sid esc 

, The majority of experimental facilities will permit utilization ot 
neutron densities trom 1pl3 to'2 x 1014

0 As many 1'aci1ities as possible 
have been provided 9 even to the extent ot using upward .and downw81-G inolined 
as well as horizontal experimental holeso About ten holes 4n to 12n in 

. diameter piercing the pile structure and the tank pefiBi t experimentation at 
at 1014 nvo An add1 tional five holes reach to a field of 3 x 1013 nv (tenk 
wall)Q Twelve 2" IP pneumatic tubes are provided~ four ot which pass through 
the top' reflector region ot the tank at 1014 nv. Two "donu.t" tubas- are 

. provided in the 'graphite at ,......." l013 nv" 

. A side thermal col'umn, 61 x 6° x 8 11 .1s provided with a water cut-ott 
tank at the inner end. A twelve inch square stringer is provided on the center 
line of the oolumn~ In addlt10ng 'five 4" holes approach, the sides and top of 
the column and one 4" hole pa~aes through the column transverselyo 

:f" t • 

A biological hole 4i x 4° x 3" is provided below the side thermal column 
by bringing the neutrona down at an angle in a grapbit~ patho 

" '" 
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In the center of the reactor tank 8 4" ID central thimble w1'il.ll access 
, at 'both ends 1s provided. This iQ the only large vert1cal hola penetrating 

the tank. Any 01' t:b.e 47 8.va.llabl,.e uranium holes p the 41 available thorium 
J holes, and the 69 014 or cooling holes can be used for other exparim.ents. 

(\ 

~' 

.. 

,. 
, 

" 

Eight instrument ,holes are planned in four banks o~ two'each~ with 
six tangent to the outside at the iron thermal shield and two penetrating 
into the graphite region. ' 

All holes are filled with shielding plugs normally 0 ExperiJI,Elnts in 
general will have to be bul1't in special plugs with cooling tacUi ties and 
rather elaborate charging and discharging cottinso All ,holes can be served 
by pneumatic devices.' The accessibility 01' vertical holes in the 'lattice 
structure will be'extremely llftdted • 

• Jilt: 

51" rile Calculations ~ 

b1 Gale Young f2;;t-?~ "-
In a general waYIl breediAg gain increases and specific power rate 

decreases as one raises the energy at which neutrons are absorbed in a,pile. 
The rate at which the supply 01' ~1ssionable material can be enlarged depends ' 
on the product of these two quantities;, calculations to date suggest that 
this product may have it,S greatest value in intermediate or reson~ce energy 
piles (cf. talk by Goldberger). ' 

All oooled piles to date have, operated on thermal energy neutrons.. The 
unit being designed by Zinn will run on tast neutrons and, it 1s hoped!! will 
provfde the tirst demonstration of breeding gaino Liquid metal cooling is 
being developed tor fast piles~ and ma:y be 01' u.se in rasa,nance and thermal 
pil~s, as well. The appr~xlmate compOSition ot the Zinn pile is 1 atom U~ 
006 atom Fe» and O~2 atoll,l ot coolant (Na~). The capture cross-section ot Fe 
is still'somewhat uncerta1n Q 

The above mentioned fast piles can $1v~ both breeding and power, and 
operate on either the 49-28 or the 23-02 cycle .. ·, Another type wh1cb is of 
interest is the thermal power pile operating on the 23=Q2,cycle; such systems 
are not expected to show true breeding gain p but it is hoped that they may .' 
be able to maintain the cycle and thu.s effectively bu.rn thorium to yield 
power 0 Be metal» BeOoand graphite are pOssible moderators for units at this 
type; lrJith helium cooling it may be. possible to run gas turbineso Work on 
BeO high temperature piles has been initiated by Daniels. The temperature 
coeffICient 01' reactivity in such units has been the object of study by WaYe 
Wllkins s and Goldberger; other. reactivity changes (e.g"p that due to Xe) 
have been considered b:y Vlay 0 In addl tion to the more standard rod controls 
(eta talk by Sachs) Goldb~rger 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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520 High Pressure Water a~ a Heat Transfer· 
\ 

Medium in Nuclear Power Plants 

~ 11'. /alrr87 &lid A.II. weinberg~% ' 
. '(. 

Useful work can be extracted efficiently from a nuclear chain reaction 
only if the coolant operates at high temperatureso This tact leads directly 
to the oonclusion that w.ater at ordinary 'Pressures is unsu! table fH3 a 
power plant coolant. To av01d this difficulty inherent in water cooling, 
alternst1ve heat trsnstertluids such as gases or liquid metals (01t4e1'of 
which can be raised to very high temperatures) have been proposed~ 

There Is another coolant· j neither liquid metal mr gas g wh1ch is capable 
of withstanding rather high temperatureso This 1s water under pressure .. 
The critical temperature of water is 3?40 Ce_ its critical pressure is about 
215 atmospheres.. Decomposition ot water under pile radiation is e phenomenon 
which .haS been studied rather extensively; the decomposition products~ ~IJ 02 P 

_and saG2 can be coped w1th satlsfactor11yo Corrosion by hot water is not 
excess1ve in stainless steel systems aDd possibly even in aluminum systems. 
These facts suggest that a high pressure water power plant may be built with 
less development work _ than e1 tiler the gas or liquid metal plants 9 and that 
such a plant might be very reliable. 

The main objection to hot water as cooll1nt 1s th_at nowhere ID such a 
system is there a, really high temperature; the use ot superheat is "therefore 
almost precluded.· This will reduce the thermal eff,iciency; ot such a plant 
as compared tb one in which superheat is available. But the magnitude of 
this loss is small slncedur1ng.the superheating part ot a steam engine cy~le 
the heat absorption is very far from being -isothermalQ This meane that much 
less 1s added to- the efficiency of asteem cycle by superheat than would be 
calculated trom the simple Carnot tormUla.' 

The main reason tor investigating the high pressure water system is not 
that such a system wl+l necessarily compete thermodynamlcallywitb either the 
gas or metal system" Rather it is tbat hot water. (ei ther light or heavy) 
will probably have to be used in thermal breeders or converters o Any large 
scale program ~reeding or nODVerting makes 11ttle sense Unless the by
product power 1s used o Thus, even if the hot water system is leGS favorable 
as a power plant than other systems p a point will very probably arls~ in the 
development of large scale nucleonios where power from bot water lnll have 
to be extracted as a by-product of 23 productiQno 

*The use ot fluorocarbons or dlphenyl or other low vapor pressure liquids is 
not'considered here because the decomposition of these materials under pile 
conditions probably makes them-very awkward to -handle o 

/ 
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53oResonance Enersz l~le~ 

M. L. Goldberger 

Resonance energy piles are pl1es in which most 01' the neutro~,.;:! are 
captured in the energy region from 10 to 1000 aT" Resonanoe pile:; are, of 
interest beeeuse 1 t is possible to ot,lta~n comperatively high breeding 
gains and power outputs wi,thout the extremely SliIall size eoncomi tflnt with 
the tast breeder (CF=3101). 

We have made calculations 01' critical sizes 01' piles using Pu as the 
tissionable isotope and Be as the moderator. It is lm.eg1ned that the pile 
would be cooled with liquid Na or Na ... K alloy provided these coolallts do 
not attack the Be-PI.!. mixture.. No real desigll calculations have be,en 
carried out .. 

The greatest uncertainty in the caloUlation-is the number otneutrons 
produced per capture in PI.!. (1] 49); we have used ,the values gi veil by 
Weinberg (CP..,284S) multiplied by t::~ since it is now believed thelt the 

DJ1.x1mum "'r] 49 is nearer 2 0 95 than 2090. 

The negative laplacian tor a resonance pile is 'given by the f'ormula 

if2 :: if02 (1 + pin it ) 

2 .in ii - -l{ 1'2 ~ I 

,~ :: 'C ,~p - f2 <0> 1 
I 

where 'C is the usuel .Fermi agepk is the reproduction tactor 1'01' an infinite 
piles averaged Jtver reproduction. 1:' is the average age trom tission to 
captureD and 1;2 is the mean square age trom tiss10n to' capttlreo (For 
details, see forthcoming report by Friedman and Goldberger.) 

CritIcal sizes have been computed tor ~ spheric~l reactors eool~d 
with sodium Which occupies ·the same volume as the Be + Pu. We aflsume Ii 

tlow rate 01' 10 ra/ssa, SPa ht. :: 0.3 cal/oui' arid a temperature riae of 400oC~ 
.The flux in these piles is 01' the order of 5 x 1015

$ The results 01: these 
, calculations for three concentrations are given in the table belotl. 
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Pile Quantity No •. atoms Be ~ 
_. No. atoms Pu 

i 50 

"K 2.88'1 

t' (cm.2 ) 55 0 51 , 

~. 2 Ccm .. 2) 1.924 ]I\'. 10-2 
0 

~2 (em-2 ) 2,,065 It· 10",,2 

Ro(cm) I 21 .. 9 
Vc{liters) 43.6 

Total Weight (kg) 118 
Weight ot Fu (kg)' 41.1 
Weight ot Pu ' 

, , 

Ii Na ducts (kt;f) 13'1 
Vc(i N8 ducts) 

, 

292 , . (liters) :' 

Total output (0) 5 4.43 x 10 , 
D per kg ot. PI! 3240 
Mean. 11 te in days 264. 
Loss per destr~c- 0.15 
t10n ot Pu (est.) 
No" ne~trons pro ... 
duced per destruc- , 20 90 
tiOD 

Breeding Gain 0.65 

~ubling T~e(days 405 

"Goodness" 
D ki x Gain 

, 0 .. '15 
~--- -~~ .. - ....... -- .. -.. -~-.--.-

'\ \ 

---
-

100 150 .-
2.642 2'0521 

-.- ... 

62.56 67,,20 

1.554 ]I\'. 10-2 1~376 x 1(j'2 
I -

1.617 It.10-2 (est.) 1,:404 ]I\'. 10=2~est.: 

24.' 26.5 
-63 .. 2 78.1 .. . 

145. 166 ' 
" 

30.3 25.4 
I 

101 6406 
-" 

421 521 
, 

5 .. 63 x HI> 6050 ]I\'. 105 

5580 7580 ._ ..... 
155 U2 --

0.20 0.25 

20 70 2 .. 60 
. 

. ' 

0 .. 50 0 .. 35 \ _d_ 

310 320 

1 , 0.95 . ' -

/' 
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~~ Pile 0R~st1one at Blah T!!peratures 

R. G. Sachs 

Estimates have been made of the amount ot control required :f~)r the 
BeO pile operst11lg. ona temperature range of 1000°0" It' is found that 
six control rods of'5 in. diameter plaoed in a hexagonal pattern _1ine 
.inohes on an edge with an additional rod at the center can oom.pensate a 
change in B at 5a.£. Since the total change in B trom. hot pile wi th Xe 
to oold pile without Is expected to be about 25%9 this control S,Y3tem 
Sho~d provide a considerable margin ~t satetyo 

The temperature effect on the reflector has also been consldsred.· 
_Increasing the temperature ot the reflector increases the reacti v:i.ty of the 
pile!1 thereby partly oompensating the temperature effect on the p:i.la itself. 
It 1s estimated that the effect will amount to at most a ~'obang: in B 
tor the BeO pile. ' 
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