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Table 5x &rpl<cf the portions of this table on Ca(VO,)

L 
r
*

agreeaent with the eotperlaantal findings

M-t ~*g\

lb,("o3)2 > Ia(liqj)3> HJIO3 > n.KO,.«
BmU -Mg(JrO3)2 '>Ce(«03)2> > li(»3)3,

AlUoPj, Cu(»O3)2 > Th(«03>4, M^OpBBOj,

Bggd -Cu(PO3)2 > BnOOjJa > h»03 > La(B03)3, LU»j > 
11(803)3 > Th(»Oj)4^ c*(»O3)2>^r(gO3)2>
«4MO3-

........„

BMd "la judged by these data Ca(MO,)_, hg(WO?)

«g(103)2 with the following revl6edaflgurosx

Page 14: Paragraph 3, line lx 
Paragraph 3, line 2x Heed

concentration giving 6Q% 
_ of uranlua"

aged "■*<VO3)2; Ca( 1103)3 > 11003)2 > LIMO3 > Cu(WO3 2i

. Isaediataly after report CC-26J6 was issued, It ass dleoowored that 
inoorrect concentrations had been ascribed to bey Ca(VO?)o and Butao-»i 
lS2i^taaTd 10 r*ch*ck eertaln siting and ext^ctlon

WT? “•?*• Th* r<xllowln« changes in ths original report will bring the discussion Into r — • *~ ~ "*■ ■ _^ar^“*
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Raplaea
Mplwct Fig a. IO and 11 (aaltiag affaotivenaoa of Ca(KO3)2 and 
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i
Extraction of U833. An unidentified organic eo^cund, which is wither 

en impurity of, or sate reaction product of, diethyl other boa boon found to 
complex uranium and to prevent its transfer from other to an aqueous phase. 
The compound irim to be ext ream ly wimble, as its destraction could be accm- 
pl is bod only with HTKxj-BgOg and aqua regia.

Extraction of .'ft trie Acid and Thorium by Kther from Thor lorn Nitrate and 
Ammonlam. The extraction of nitric acid by other fellows approximately 'b- 
sama pattern aa doea the extrootion of uranyl nitrate, except that the varia­
tion with nitrate concentration la approximately linear rather than si*K>id. 
The extraction of thorium la a function of nitric acid cetacea trot ion, thorium

i

Pa termination of Decay Chain of U833. The following identificatlonn 
of nowhere of the 4n»l aeries have been tentatively established. RdNr (Hr”8’), 
an alpha emitter of probably several thousand year half-life; NpX (Bn883), an 
alpha emitter cf at-oux one month half-life; MpC (31213), an alpha esUttwr of 
about 44 Biinvle half-'.if e; NpD (Pb8®’), a beta emitter of 3.3 hour half-life, 
• hose activity is already known. It is not as yet established whether the 
radium and thorxne isotopes have branching decays. Neither bee it been ascer­
tained definitely that the emanation is an alpha activity. The half-Uvea 
between NpX and NpC seem to be considerably shorter then ten winutes.

Extracting 3ol vents for Uranium. Tests on the extraction of urenlun, 
thorium, and in many cases, protactinium, have been made on eel vent a of 
several types. In general, the cellosolve derivatives extracted undeslreb-y 
large amounts of thorium, together with uranium. The ketoses with six or :aore 
carbon atoms extracted satisfactorily low amounts of thorium, but too large 
amounts of pro tone * Dllsopropyl ketone extracted 56 per cent of uie ilum
end 63 per east if the pr atone tlnlum, with only 0.3 per cent of thorium from 
the standard test ablation '3 F Tb(NO3}<, 2 N and 1 N . Of the
esters, ethyl acetate showed the most desirable characterirtlas of high urn al mu 
extraction and low thorium and protoact in lias extraction. •z

__ » Hslf-Ufe Jwtermxnmtion for U83®. The specific activity of tie
V‘=3'5 sample us. d .vilerwcn and May far physical neasurernents baa 'wen re­
determined. The isotopic ratio has been measured sass-er sctrographieally 
by a dilution method which improves the accuracy of the determination. The 
results indicate n longer half-life than hitherto assumed , namely, 1.6E x 10s 
years. The isotopic purity of O833, according to these latact aecsuremoct. , 
is about 97 per cent, rather than 67.5 per cent.

<nw »«ai«tlon Spectrum of Pure U833. Alum!num and jMl absorption 

curves on a 16 mg sample of DaSd3 have indicated ths presence cf gaausa rays 
of 130, 830, and 430 Ksv energy and an abundance (unoorrected for counting 
efficiency or window absorption) cf from one to ten per mlllicm alpha parti- 
alee. Lower energy redlatic os of 90, 19, 14 and 8 Kev range in abandonee 
from about two in 10® alpha partlelee to about ome la tea alpha particles. 
Vagnat experiments have d ecu astro ted ths presence rxf c on--trsi co electrons.
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that the pro» 'sotln aB 
•xtr»rtluft jrowo L_ 
these residues.

Analyses of Ore Sample «for Protons t ini tm. Experiment* hare indicated 
------- <..........  ■ aj^t»Tied ln'tL> carbonate f«axl<itf f“<m the uranium 

la to he T mnd in the acid imoluble 01113low* fraction of

eonoentratlc* and total nitrate normality. There la an apparent threshold 
of nitrate ccacentmtioa below wtxioh tborluai will not extract d-tectably.

Influence of Various Nitrates on the Extracticn of Qranlaa and Tborium , 
fear Ether". Tie no a*. affect lew salting-out »«•»* for wmniua wan feund to be 
ulumlnun nitrate . delta rvab an AltKOjis, lafMC^Je, • On(NC-j)g, ^*D3
end nitric acid, which are capable of affecting salting of thorium, aa \ 
ua uireniw, into ether, pxodwoe markedly greater uren'tm extrectlcn if thoxlum 
is absent fren the tolution. Other salts, such aa 00'1103)3, MtdKsJs and 
{O^NO.. wticl do not glee appmalable thorium extraction, show only atinor dir- 
r-renc->B in urenluri extract! 01 in the preennee O’ abacus* cf thorium. The 
explanation tentatively advunaert is tint of salting back iron the ether into 
the aque«ma phene.

’ J. 
'■

1
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dlslategruticas per alaute) if <j633. 
spread on the bottca o'* a gl'«aa Hessler tuba

■tad aee purified by repeated 
solu.loa to r—nve any trecee

there neons to be a occupies quutls

Th* sour tins r*te of eo«h -cepOMnt relative to the alpb* disintegration rats 
wa aalculatsd. 31 ie« the oc ustin* efficiency of tala type of O-M tube for r-mye 
la not all known. u> ttteapt ana node to de teredo* tbe ec.ua 1 number of x-nya 
cxitted.

Dotemlaatlnr of Physical Constant* for 0*33.

An elunlcrm absorption curve was ala© obtained, lor the UUmlMtix of 
tbe harder oonponeota '-be nan pie and condition* ware tbe a-am* ea there used la deter 
m Qin* tbe lead absorption curve. A 0.9 me snapl* (1.6 z Id7 al ph* dlsintor^s«lab* 
per nl note), not at* I or. a Pt link and pl need In a roeltlon giving 1®6 geometry 
factor. ess need for tbe determination of tbe sc*-er component*. ’-Ts absorption 
curve obtained with tbe 16.1 ng aaa normalised to th* cur** obtained with tbe 3.9 
a* and thia o<sgoal a curve vaad to receive the aav.ctMta of tbe radiation

In addition to tbe conpcaanto listed, the alwnlnma abaomtlen curve lndft> 
~>«*d the cr waeece of a very soft occpcnsgt (•prcbably ooaveralam •j-ectrona • see 
below - with perhaps some alpaa partlslss? with a half tM'SMd 2 - mg of 
almlmx. The 67 IUST component obtained Crus tbe a.uaiouu curve is probably the 
aaxe as tix» 92 IW coajenent obtained from tbe laed curve. Tbe aprarect abundances 
of tbe two are in good agroeaaont. Tbe identification of tbe 14 mr and 92 ng aaa- 
pooenta as x-ray* mthey teas bets psstldX** is h-st-l upwi. »•*> •*»*•»* diffor- 
•ac« between alnnintm ana lead abeorptlcn.

A. Tbe redlctlO! apactxtaa of pure O883. m. 3tudier. In addition to 
alpha radiation. there seems to be a c catpl ex quantised n^ctrua associated with 
radlcectively pure 0*23. A similar a pact run for be- previously been an*-
lynod by Ctloran (CX 1511).

Tbe XJ85^’ used In tbs measurements to be re­
ether extract 108 and precipitation of lay3 from V i: 
of Th or Pw888 ( ths beta-active parent of j233) .

A lead tjbecrrtlcc au -vs was taken us in* a 16.1 n* raaq'le (3.75 x 106 alpha 
dialatecraticaa per al ante) of 0^33. Tbe ennple. la th* fora of fused U» evenly 
spread on tbe bottea of a *lnaa Basaler tube, was placed la a position relative to 
on Invert*" aloe-window Goi<rr tub* maob that Its aalld <-xnetry factor was it?*. 
Tbe Geiger tube war su-roundnd with paraffin to nlnlnla* the effect of scattering 
of radiation anu tbv pTreffin was shielded with leal brick. The *ccuracy of the 
deteminatlon of tb* burdest coaqponttt is poor bee* is* of ths very loe couatln* 
rates obtained with harry loud atworbers. A wore accurate deter al net lea will bo 
node when nor* v231' ben once available.

♦

ec.ua
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Table 1.
1

1.38 x IO®4FC3.88

4.a9300.74

1.71900.813 *

O.1OC • 1.8

1.7873.33 • Al

4.a1«0.143 •

140.078 -

b.T X iv80.014 "

<

e>

Correepcedlad 
Energy t a KXV

Bair Thleknaaa 
lx bm/co*

Table 1 below euaaarlxea tbe data obtalaed.

jeer lined Radiation From O2®3

Alpha Oiaiatearctioae par 
x-rny Gobbi at 1OOC 

Oxaantry (Mloa jrindca Ccwater)

x 1O»-

x 10s

X IO®

x 1C®

x 10®

(Mdaaaaaweow** 1*"

/.I’

x IO3

n~ * cr aMe.U<4&» afcarac® jartf-?— <—■2*-*’y -«^ewr«ira xubinmi
bm <a»CMtr ted la tbe f oil owl W aaanOT. A saxa^le oF 0*31 (1.8 c 10 alpha dlain- 
tacntlOM per BlButw) -as abated ca a Ft dlak cad plaoad 18 the plane of the xlea 
window oF a 0el®er-8811er tnbe. caw eee tune ter Free ’-ha olooeet ©F th* ■ '.©doe 
and faalac tbe eoee dlreetiea. Radiati on directly 1«U> the tube eaa alnlaix-J by 
aouatlnc the aMBpla cat a eheet of load. Tha ooOT.ter tube tn«etbe- al th th* aoaxpla 
BBd then brou«tt into tbe Field of a etr©a< peoraaneat an«no'.. An Jk> >»xpl> ea 
brondht lata tha Field, tha pnrtieleo (aa«atlweli ahnre«d. aa dete-waad Frio tbe 
pal art ay ©F tbe aaatK t) aero deflected XI11 >wdh 180 4 opr owe into tiw Oel<ar tebo 
wlatjce AB the field «treset* laoreaeed, the aavnta larreaoad rr.-t e beekis^-cad at 
830 a/a. paaoed t w<h a nilea ©F 88OC e/a. and doerraaed to baokdrowad aa the 
aeapla ana b-oealt wary near td tha anxaet. Altboa<-> an acearate rmnuOTot oF tbe 
e»or«y oF tboao rxrt.eloa ana eade. they are bellowed to be <aite eoFt, ea they are 
ao etroBdly doFleated by thia relatiwely week nacnatio FleJd. and aa the alnrlmat 
ebaorj-tIrwi enrwo lad’oatea the pre*eaoo cF a wotj aoFt »enr«'noa’ .a tbe total radlatl.-r. .

if >• i« Leaiarn 9 that ao alpha partlelea penetrate l.t « of air and tbe 3.8 
bmk oF • adoe. there are npOToxiamtoly 830 alpha parti^_oa Fa. e<OTT_8—W 
at 1008 «eoOTtry. «th « -dditlo^l IO at of elnalma abo«t>OT a total etae«nt of 
ebeerber e^irelent to approxinetely 13 ad. alnalmaei. there ar* ■ ;T^oxW.telj 885
alpha partlelee For eneh x-ray eonnt at 1008 b"****?* Tbeee Fl dRirx a — 11 _
enough with the ana oF the eonnta to bo expoetod Free the extmpo otod Fl«ur«e of 
Table 1. the dlFFeraeeoo bain* la tbe rt«ht direct ion to bo eeaoentad For by tbe 
Mknoea annber oF oca were ice eleetroaa that weald be eouatad.
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F. I. Y-alz.ti.
la - hla! the •jeclflo

1. aad xbe tse-
■1 m'tbcd In w.iiah the
aam le asad wm* t i* aaa-

tan ratio l.M to 1. 
the orifflael t^3 mm 
these data Is Uerefcre 
bn If-life value l.M x 1

t

s parity of aad th* alxture should tire bad
‘ cf O.®». '____________ ___ _________ ‘ * *

state, ud HF ecdm. to precipitate UF4- 
ether. cad air-<rird. *“ 
trocraphlc aanlyoio.

Tbs aasr apse trceraphlc report io that tbs mixture eoats las 'J833 sac D23® ir. 
<ltb tte Anta alroaty fivoa, tfcls enables emo to «nlr l-t« ttet 
/K lac topically pure. The specific activity of pars V*’33 by 

>1.100 dlalate<retlaas per minute per al.-rccrv-, san tbs 
10® ysars.

I

Of tbs original XS ml of araaitai solution, «.«® al were taken and nixed with 
a eolation of amoral -iraatva eootalnlnc 0.6760 a« of urtnia. C_ t* - -1- 
epee if! a activity estl sited la earlier exporlamats (CO >163) the activity 
seated a parity of M.3<, aad tbs alxture should Ltrs bad «n isotonic ratio of 
to V*3® of O.tt The mixturr of araalua ma reduce- elsetrolytieaUy to the uraacun 

-------*------- — , Tbs precipitate sts c op am ted , as sited with
Tbs ample ees’theo submitted to Dr. Dmjrt-r for ana spec-

B. Maw Self-life d* lorn 1 net loa fcr C233. g, 
A nee half-life 'coteselaatict bee been carried oct oa 
activity of the ample was deterndned by a dlintus-eemnt lac m’^4 
topic ratio of the urealtm saspic ana dctaralaed by a real 
leotopla ratio cas breoght Vo • value near unity. Tbs V - 
as tint used by Anderson aad Moy for physical reaurwmtr. Tin mi half-Ilfs anc*^ 
higher parity wives co or tael affect only tbs »t’uc« of tie ero«s-soctloan far 0*-> 3

Ttar arm lee ms pari fled by other extrsctlca foUceed b> • peroxide rreelpl- 
tetioa. The sciatica obtained by dlesolviac the peroxide in al’rti acid was oeapo- 
rated la a eel«ied olatinua ^rooiblo aad ianited t© coast nt weight at 700° 1. After 
dlaodtia* tbs o.rrs ailll<rwam or ©3^ la nitric •oxa aaa <r«sni itRiivwxy i««am’«r* 
rt«s< It a velMnetrlc float. It aas diluted to ti. O ai . A iceet of 1OO a*.c roll tore 
mob sue r enov id to aeparete 10.3 *1 flans* ani mode up tc voltao. FinaUy. 1OO ale •< 
liter ill quota *res them dliuticme ears evaporated octo latlnui counting Usee one 
uoenteJ for fra* tklrtv to aixtv elautcs. The uvernrto count oa four dl’utl die, usixi 
A-3 plates per Ulatloa. was 1B95 ccm'.i per alauta. after corrections for >eck«rovu. 1 
end coincidence bad been aade. Tbkiac tbs standard value of geoeotry f or counts 
mde oa platiaw plates, it la calculated that the spec if la activity of the simple 
ma BC ,dO0 diaiataaretxoaa per aiaute per alcroGraa.
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 Dstsmlnation of Decay Chain of oj
L. I. Katxln, it.' Stadler♦

Tba nsebx-r of the three natural radioactive carlaa. the urcr ium-r.’dlum sari 
tba actinium aeries and the thorium series. bare messes wtioh

thio scries bare bo'-n pr-educed is the laboratory la the *c *a uf Fa®®®, - » "
jS®^. yor tte onto of »l®rH«itJ la the foUertnf Alatwataa, ee s ill ml VU» 
aariaa tbe“uaptuaixw. aariaa* after tba member utolcb represents -be Bls-wt atonia 
ntmber in tba aariaa es known at tie prvaaat tins

Predlotiuna bare been made aa to tba typea of red 1 cactivl ty and or 
nagnltude of half life of the members of tba aeries lamedlately following I  
On tba other banc, there are veaant places in the table °f**°’’?**a ’ **
above element 80. -hloh correspond to dnvl aaaa neater., but **•*«*“!•■*■ 
meant if the predicted modes of decay were found to be ®<>rroet . Itb«mcm>en-oea- 
aary, therefore, in an experimental determination of the p»tb tafcee br the d F 
obain, to be particularly careful at tba pointe **r« ®**• "«•“*• b®h~* 
superficial expectations occur. One possibility which aunt be oarofu.ly exavined 
at these pointe la test of brruohlng into both al phi and beta daoa^.

The net hod f olljwed in studying the «p scries has aoMisted of curefolly 
purifying samples of U2i3 of several ailllgmaw wleht, setting »** ■atari*! • 
f^fna several da; s to a mr»bar of weeks, and tbs’ vub^ tting tbo mterli l t^°^ 
cal procedures daairaed to extract tberlua, redlJn ant other expected aceto. r 
decay chain. -ben »n appreciable xsouat of the -odium lactope* have *2!^
and*porif led, their dac ty to ‘-he lo-er rmcar. of the »«rl»s «*> aad
extrustions of lead, bismuth not various other momfcsra of the eeriee attested.

Tba ohaaloal procedurs i .___
or barium sulfate carrier precipitate from the

of tbeae Isotope* frost the uranium so la t Im before entree tire of the
of laathnnua fluc-rlde is attempted. ■ - -------y_. , —.«<> t»n
a .Mrl.s of thre« to flm dissolutions and m loltf^dX
radiUK end possible load Isotopes from urnnim. -sed sulfide i* f-*?* 
remove ths load isotopes preemt from tbs radius • ri*a euir.ta precIp.totics

vusas *aw ___ ................................................... ................ ................ _ ■ g
^ecipitato coatsinlng'tba thorlwa laotcpo is P»t U

4__ _ - ---- - -<
fate oxidation cycles are interposed to
ticn which night exist. C__ ~1—- 
on a

usually followed hay been to precipitate either lead 
_ __  __ ____ _ ___.pitate frem tbs tj-^3 salstlon, to wxtrect rediaai iao- 

An edditicaal iulfite proclpitatim nr two nMX* ■«■»"

’^jse sulfate precipitates are thm t"»t

_______  , load sulfide in precipitated to
^awove ths lead'iaotopoa preo/nt fra the radius ------- •nw-ila
la aada and the T^aoipitato mounted for crusting. £T£iut7—T
precipitate containing -ba thorlwa isotope ts put through • d^rt^rf diwlstlj 
and rapreelplactions to free it from urcaium. In aSdlticm, Mgiglls Htu-l

, to eliminate any >gks. >le plu^uium cstasuaa
Ths riant lanthanom fluoric* precipiteto is thwnud 

platinum plate for counting.

The procedure us outlined vbore are def *•*••**" «t^’tha
In the presence of considerable amounts of ureniam. I***4 Jr -ndlua 11 eer-
mdlum cenplatoly. In addition, Ito cbmalstry diver^ae frem Sin pciZt?, m^ssting the possibility of looses during porlfisatlm from
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Another erw^l lea lion 
T3®53 of sUaute war anta of 0® - ----------------- -
strutod ths prosaflaoe of approximtelr «▼• I23® alutaa _ 
corm speeds to approxlmtoly ore port lo 10T of 0™ la tta ’ 
at tta specifis ootivltlec of Ua two Isotopes is sbcwtt S,

ThB (10.• boors), TbC («O.S adxstoe). and tta extrwsaly long reara T»C .
ir-H

tta rWl- fmotioaa -Olds for several to allow eawplota.dediy <***•_.
x suz inr*

perlmats la whiah ttaee preoculioaa bars boon (Swint.

T»“* (MTp) daaaya by alp** awl aw lea ’soatrury to aowo predictions) sad tba
- -- - to bo ?ulte loo. Tba mn«e of tta

*33, t«t precise waewwraw—i.ta are act
,__________ la 01100*4 to eland over a period of tlwo,

* Uta a arms peed in* to a talf-llfo of approx taut sly <aa 
tlal pertartsticm ere undoubtedly das to tba presence of rod!o-tborlm

brenohln* to bats oadaolaa. If 1* exiata, 
alpha port!else la fairly aloe* to that 9 
yet available. dbaa freshly r rifled Tta* 
alpha octlvlty grows la at a 1

5TSJ-!~ ^^srr.^s-^ -«■«<- -«—• <* 

years, oa the basis of yields obtained.
Tbs radlhB prwpajrwtlows ore alpha active, and desay si th the exjsstad^ raid 

of about owe acsti. talf-llfo. Per thia isotope else, prod la ticsu of beta activity

<»pX) id ill ■art to a land la aa alpha 
tba coaster abewu. algae of ocata* InallCS.

).

have boo* a*de. Tta data available to dote 
branchia* dooay. <tan s sasrpl. of 
coaster for severe! hoars and than rmaw, —- 
«nhla la wadoubtedly due to active deposit fre* rejtunca t

Attoarts to detoreeiae the half-life of tba «aae«laa by follow!** ‘t*,*™*?* 
tn rreahlv purified WT ini loots that 1*0 hlf-lifs a*t bo <yaite chert. It la «®t 
possible to state whether tbs sunaatlc* la ’.ipta or t,*ts astlvo. ^ttoapto^to^ieoASto 
polosiw* or elstasat CO fret solstices « W1 tave **•*» wmeoovsofwi.tad * *.*

laotopaa of these alsbaals a&idb aro -mbora cf tba stain ere yal abort

■ ss.s*<ri£-r.M=SiMun^or U.U1T M * w***?? S*L^^***°oas - jTif r---- •* of **ry lest raace talah probably J. tH umjt a bps . as saw av* 9

dbaa barlwa sulfate la weed for tba oxtreotloa of red lea. it seem to adsorb about 
a third of the tbcrlua present. This la undesirable for two rsascaa: it lstrodss»s 
tba fleas ar of a loa^-llved acataadaatlan in tbs rwdlwa, and it scaplioatoa tbs ••**' 
ml low of the yield of tbcriaa fro* which the half-life of tba tborim aust bo oal- 
oalated. Li keel as, It is not always poaalblw ocapletely to free tbs X*l*g frua 
urnnlus nativity, which tbsn ooataadnstos tba tborlua sad moders inaccurate the 
■••Marwasais os teat loo tops. Ksparlaeata aro under way to develop a procedure which 
will avoid all of tbsee undesirable featarea.

a the experlmnts la Itxtrodweed by the weesaoa In tta 
Hones dstsrainatlas* with sloe eterortaes tave leans - 

________ ____ _________ iwelaly five g®® slntaa par 10,000 I-33 alphas. Thia 
oorrosnnade to appmxtaatiiy oca part la IO* << «*

rediothorlua (l.T year half Life) wbloh ttaa leads ttamyh Th! (S.ta taysl^Tn, Tta. 
TMB (lo.a boors), me (du.S sir»i—) , and tta extrwee-y lea* 
tta Thb usd tta TbC talf-lived are Icayar ttaa those of l»p» end Sp-, tta lead sad

Z w L-o^amtlca and eosatiag^ataiu^d^atas^cbly^TWB^and^TbC

aolds for several weeks to allow eoaplsla.deaty of tta TLX

referenoe will bo sw»de only to ex-

t
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t*M possible to dotwradne tbs branchiae ratio.
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____ r________ ____________ ‘__  ~~ ■_____"__  j These ozpcrinrats indicate tbct 
MpB, tbs first load Isotops in tbs series, snot be rather charter lived tbsa 44 
sUnotes.

Vben load sulfide is separated fran NpX solutions, which tev* stood for a 
I,iir of bcmro, it is possible to deeanrtrato the presence of the already known 
activity of lb8*9 (3.3 bears). The presence of tbs activity is to ba exp&st-l. 
ra*krdlese or brawbin< at any several places earlier in tbe decay ah'tn, nd 
its presence la e suf inset Ira of tbe rarles bslnc handled.

la 1 —y. so —3 that tbe Mp series «oos from Np2^7 through beta 
eetlra.ra53S to IT®8, which then *000 by euoowalvo alpha wdMlcea through T’’**5X9 
end Wn*^8. Tbe e-sact path of decoy from tbe esenatlea of sass m*ber 221 to Pb 
is uncertain, bat it involves three alpha derays and two beta decoys In sone ccs- 
biratira as yet not definitely determined.
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Extraction of U233.361 MLC l»01 >. Hngtwaann, M. Ssllman, M.studicr.

-4

The extracted uranium was removed front be ether by distillirg the ether 
off over water. A large amount of organic residue, mostly water soluble, remained. 
Upon salting boc again extracting the uranium with ether, it was found that the 
uranium ecuId net bo reaitracted from tie ether into water. It nan nncossary io 
evaporate the ether and destroy the orga nic residue with HNOj -I^Og and aque.* regia 
before the usual extraction procedure cculd be vsed. Whether the obnoxious caterlol 
was present originally as rn impurity in the ether or was formed by decomposition 
during extraction or distillation is no* k aown st present.

Hints of similar behrvlor were found when low grade ether was used in an 
early extraction experiment. The phenomenon points up the necessity for careful 
checking on the ether when extraction le reduced to a routine bad a.

Seoently uranium was extracted from several pounds of irradiated tborlwu 
"carbonate* using a continuous batch type extractor. The apparatus and procedure 
used will bo described in detail in a later report. Mention only is made at this 
time of difficulties encountered due to the ether used as a solvent.

1

9
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». K. Hyde and M. J. Wolf.361 MLC 1902

tracer,

*

9

------ ~ ~i that described before.
nado up to the desired concentration in ThlHOjJ^ 

were shaken with ax equal volume of 
After equilibration, two 2 ml samples 

:------ , Oxalic
The oxalate (and

Extracting solvents for urenlum.

The use of ethyl ether and hexone as extractants for uranium from thorium 
was discusrad in CO 2165. The usefulness of a number of other solvents for the 
same purpose has been investigated. Since the behavior of protons tinium 1n the 
extraction is also of interest, some of the more promising solve its were tasted for 
protons tinium extraction.

Pro-.-'-,.; The procedure was modified somewhat from 
la each exp iris eat 5 ml of solutici 
HMDs, NHgNOj and/or Al(1*03)3 and CT 
solvent in a glss- stcppered centrifuge cone, 
pf the solvent were pipetted off and delivered to clean centrifuge cones, 
acid was added to the first sample to precipitate thorium oxalate. Thr f 
hence the thorium) was determined by dissolving the washed precipitate in an excess 
of standard carlo sulfate and back-titrating with ferrous ammonium sulfate.

The solvent in the second sample was removed by steam distillation. After 
precipitating thorium so Tfaf4 from the aqueous residue, the supernatant solution 
containing uranium was evaporated in a platinum dish and transferred to a plate for 
radioactive assay. The procedure for protoactinium was similar to that u^od fcr 
U^S except that thorium was not precipitated. A solution 2 N in ThtNOjJg. 1.9 J». 
in NEkNOs, 1.1 H in fiRO. and containing from 12,000 to 19,000 counts of Pa par 
minute per ml was prepared. Aft-r equilibration with solvent as derorlbed above, a 
2 ml aliquot of the solvent was >tean distilled, lx the aqueous resicus wjs ewapo-- 
rated off directly *on a platinum plate for beta counting.

Blank determinations were run in every case.

Values obturned by these procedures are accurate to an estimated *5* with 
relative errors somewhat less.

The results tabulated below (Table 2) show the per cent of each elorent 
extracted into the advent from an equal volume of solution whichin the case of 
uranium end thorium had the standard composition 2 N Th(MC?<)4, 1 IT and
3 R NHaMOg, and in the oase of protoaatinium had thecomprritlou mentioned above 
(2~N Th(N&5)4. 1.9 » HligWOj) .
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Table 2

T*pe Solvent

. Benzyl cellosolve es Cl
Diethyl celloeolve 50 24

59 7
Dlbutyl earbitol 59 2.7 0.15

47 22

methyl a-propyl ketone 53 11
Jetcoea methyl leo-butyl ketone (hexone) 57 2 20

methyl n-amyl ketone 47 0.9 2.9
Di-isopropyl ketone 56 0.3 63
cyclcbexanone 11
methyl cyclohexone large

'txrrl ao< tate 49 1.8 0.26
Esters uxyl acetate 31 0.3 31

2-ethyl butyl acetate 8.7 0.02

methyl amyl carbinol 34 4.7
nitro methane large
Diethyl ether 35 0.19

"Cellosolve'*
Derivatives

methyl ethyl ketone - 15% 
toluene

Extraction at Uranins, Thorium and Protoactintun 
from standard Nitrate Solutions

< Tt 
Extracted

% U 
Extracted Extracted

2—ethyl butyl ether at ethylene 
glycol
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n-assyi ketone reod^r then, 
of U83® from both Pa233 oi 
bat bore the Fa extraction ie so high and the thorium 
possibility of the initial separation of uranium t 
thorium followed either by a ccdi—r— f'”"'—  
uranium or by an extraction with a second solvent in which Pa la insoluble , presents 
itself. The alicyclic ketones i---- ------------ -

Ethyl acetate eoabin** Mgb uranium

of little -i**** for an Initial decoatamlnation separation 
and thorium. Di-isopropyl ketone la an even better Pa solvent 

- -- —extraction so low that the
i together with protoectinium from 

cooling period during which the Pa could decay to
‘ □ second solvent in which Pa is insoluble , presents 
are useless because of high thorium extraction.

(3) Ethyl acetate combines high uranium extraction with low Pa extr ction.
It. like dibutyl carbitol, removes somewhat more thorium than " ,
tlon It is sueoeptlbls to add hydrolysis. However, ethyl acetate and SkS?1
appear to be the best substitutes for other in the process now used to Isola « u

(4) The extraction of uranium and thorium into any given solvent is a func­
tion of total nltmte concentration end of the nature of the salting "!«’™t. Aluminum 
incroasss the uran.um extraction somewhat but offsets this advantage with a very ^rkZTi^Xretn thorium extraction. This differs from th. behavior of aluminum 
in ether (see helljmn’a rwpert) .shore uranium extraction is greatly Increasoo a. only

that tbor'.u* aaa uno&.UK nitrate nay bo mtei'obong; w 
nn nrnnbffi extroot.on.

The insert graph on the methyl u-amyl ketone graph showu that with
this Solent uranium extraction is unaffected by add concentration 
X uo^ to keep the uiwnium in the uranyl st^t.) is pi’««**• 
Z^ l. markedly incased with increasing acid. Hence In extraction operations, 
the acid concentration should bo kept low.

Detailed studies have been made oi the distribution of uranium and thorium 
between the solvent and a solution cf verging thorium nitre‘-a, aamcnlum nitrate and 
nitric acid concentration for the solveaU ethyl acetate, rethyl n-exyl 
isopropyl ketone and di butyl carbitol (Seo figures 1-3). The data for the di- 
butyl carbitol were obtained by ■. Del Iman .

The conclusions to be drawn from these data are the following:

(1) The cellosolve derivatives in general ere good solvents for uranium but 
are unsatisfactory because of their affinity for thorium. In addition certain «n" 
desirable plysloal characteristics signs against thvi» use. Dibuty. carblto. is fdirl. 
promising bec.use of its high uranium extraction end very low protactinium extraction. 
Its principal defect is that It removes thorium in Quantities larger than might be 
desirable.



Bence

.solutions containing the deaired concentration of nitrate, tbcrlun, and nitric 
acid were shaker vigoroisly for ten minutes in glass-stoppered centrifuge tubes with 
an equal volume of -'lathyl ether. A 2 total aliquot of the ether was drawn off aid 
avaporaVd ever distilled water, and the latter wee then analyzed for sold a> d thorium.

analyses of add and thorium were done on separate samples. Thorium '■«» determined 
by precipitating the thorium with oxalic acid, dissolving the precipitate in an ex- 
sees of .itatdurd ceric sulfate and back titrating with standard ferrous iron solution. 
Where th.. Th(MH)A concentration was lees than 1 H in the aqueous phaee. practically 
no thoriim was extracted by the ether, and the acid was therefore determined by titra­
tion of the water over which the ether had been evaporated.

'.-here appreciable amounts cf thorium wore extracted by the ether, thia, proce­
dure was not applicable since all of the thorium present reacted with alkali below 
the indicator end-point. Such solutions wore, therefore, titrated potentiometrically 
using a lockman pB meter with a glass electrode and a calomel half-cell A prelimi­
nary titxetion of a known solution containing known acid and thorium nitrate ecn- 
centraticns was made against standard alkali. The break occured lx the curve at 
about pH 2.5 where thorium begins to interfere. Acceptance of thia point as the acid 
end-point introduces on error of only -Z.fljl which cun readily be c< rrweted for.

•Jbe resultt. on the extraction of nitric noid ere suaraerlzod in Table 3 ard 
Figure 4. Up to 6bji of the nitric acid in the aqueous layer is extracted by other 
as the Utal nitrate concentration reaches 12 B. Varying the acid concentration be­
tween the limits 0.5 N eni 2 N ia» no marked influence on ths percentage of acid 
extracted by ether; the absolute amount of acid extracts 1 in this range being 
proport tonal to its original concentration In the aqueous phase. Thorium nitrate 
talts out more nitric ccid into the ether than does the stoichl one tried ly equiva­
lent amount of anaonium nitrate. In extractions of U233 by other using HH.MOj as a 
salting agent the total nitrate concentration is generally B-10 B. Under these con­
ditions it can be assumed that the extraction of nitric add is roughly aoout as com­
plete as the uranium extraction. Bence, unless adequate provision is smds, the nitric 
acid thus extracted any seriously Interfere in the extraction of uranium frem etfcer 
into a sexond aqueous phase.

The extraction of thorium into ether was found to vary with nitric add eoa- 
cantratloa, thorium concentration and total nitrate normality (F- g • md Table 4). 
It la interesting to note that there is apparently a minimum total nitrate concentra­
tion Which most bo exceeded before the thorium begins to mrtxact detestably into 
ether and that boy end this point the extraction occurs at an exponentially increasing 
rate. Thi effect of increasing either add or thorium ooncec-trutlon above the minimum 
ia to continually the percentage extraction of thorium. Kitric acid io the
more marked in its effect.

—12 -

SCI MIC 1912 Factors Affecting tbs Extraction cf Uranium and Therturn by Organic 
Solvents, Especially Ether.

t ether :rom tlorltm titrate and msacmium 
The extraction if nitric acid and 

* was studied as a function of total 
The tetd nitrate concentration 

ThtNOs)<

k. Extraction of MKK and Thoriun 
ulirate wlnVon*. ». J- Wolf and B. M.fcUan. 
of tborTwn^frvm aqueous .olotions by diethyl ether 
aitrwte, thorium, and nitric add concentration, 
was adjusted ay the use of either °r

It
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Table 3

An id, Aaacniun Hitrat* and Tbar.ua Canoantratlaneab­

solution Coopoaltion Total titrate 
Concentration cf 

Aqueous Pbaae

W 
SxtTtiatloa of by Ktter from A^woui Solution of 7aryln<

% HSGj extracted 
by equal voluae 

of ether

11
41
78
77

l.OK HHO3. 0.0 N 
Varying ThtNO^T^

0.5 M HMO3, 1.0 N Tb(N03)< 
Var~’Tg KE^NQg

2.0 N EKOj , 1.0 H Th(*03)4 
Varying W4KO3

1.0 JH HNOj, 1.0 M ThtNOs). 
Varying

M
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Tbar.ua


Hltrlc Kid Tbcrlvn Nitrate

Thorlun Extracted 
toy *h<mI Voiuci 

of Etter

Initial CcnaaatratIona la 
Aqpsses Ttsss, Yter&ju 1W

Total Nitrate^

" ■

Table 4

Extraction of Tborlun by Etter aa laflaa'-cad by Tterlun, 
Nitric Acid, and Total Nitrate Concentration

/

A*ft(-'ll

*Tte dirtarease between tte total nitrate concentration and tte own of tte al trie 
acid and Tb(NDs)4 conaentratlona wan wade up wit A MM^NU^.

•80 co batch stirred eltb electric stirrer 10 win. All other data on 8 ec 
oven titles wteten be tend . •a
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LUK%. QaCac^l 
—re <i

bjr Ar lav—tight1— ©f tbe 'aflweuxi* nf ’wJcue alt re tee —
the estr—ti— of ureal— ©ad thorl— is to ether waa aate la order i© deteral— tbe 
■oat waitable eg—t to a«s—|liab th© ©altiag of tree— of cruel— lab© other to 

[ thorl-. Th© lafl—e of Mt-j, .
laCK^p. aKMOfc^. —1 «hCB*)<

■abler© Ita —paratl— fr— eeeou;
i-US»ia. ■«<’•',)*. *<»0^ 

atanUnal I tab Is * 3 aad «oo—peaylag plat—) .

©r

xf-73-* 1

•—*

Vo

All the aalt© tooted —wept hg(K3). aero able to lad—e uraai— ©str—lloas 
of batter thaw tog Tbe aeat «ff—tie© ealtlag ■■■©* ■— It waa Fouad
that WO3. U»j, Ou(M^)a. —(hOulg. LatK^),. sad Al(IKb09. wblsh are aapable of 
effecting approx * able call la* cf tborl— — —11 aa ©real— lata other, would pro- 
tao« aarkodly greater irwai— eat root lea If thorl— ware ebaeat. Tbe dlrwrgoaoe of 
the pereeatav— of ureel— ext recti ©a ta th* preea—a or abaeaao of thorl— I r wi > 
■act •orbed at tbe total ultra to so—eatrati — at ©blob tie thorl— begi— to ©alt 
dot—tably la to tbe etber. Tula o<agg—te taouat— wait lag** of tie ureal— free other 
by other aalto or —id ©bleb way al — bate be— salted late the ether This ’e—tor 
aaltiag* oo—opt aay be —— to sxplaia tbe deers—■ la ureal— seta—ti— e—mastered 
with thorl—. aluoia— end —pp— alt re tee at high alt re to e—00c tret: caa.

Tbe pros ©dure —1 apo - o—aletad of ohnxiag i el of etho.- wits 5 al of eg— 
phne* of appropriate s—poalti— with r—post to aaltiag eg—t. thorl—, aad V23^ 
tree er. Thio —0 do— la a gla— stoppered IB al eeatrtft^e cone. After 10 aimtea 
ahaklad tbe tabes were oeatrlfug'd to offset a alaaur eeparati— of the layer©. A 
* al a>lgwot ©aa th— tab— fr— tha ether layer, the ether evaporated ever —tar. 
aad the resuitlag ©gtaooua eoletloa aaalyaed for thorl— asd ur—iaa. The tborx— 
aaalye to —re porfonaed by the pre© Ipltatioa of the asalata by ©sails —id tall 
BC1 aad the eubesguoat oxldlawtris dot©nalaatl— of the —alate ty titreti— wita 
0e*^. Oraal— aaalyo— »■©* sad* by ecw.tla< th© —tr—tad Five to eigen
thou— ad oowate per adawto of UM ear war© weed la each ©xperlaoat. It waa fouad 
tb-.t vrtatle- «• tbe —©eat of treoar froa 10C to 100.00C e/a la • al volwae did 
act Ctaace the per©—ta— aortrart lc.a. It th©— at—1— where tbrrlua waa proa— t 
(•m yt the— t—ti— ThiKu}. ra a aaltla* a—at) it© ©o—tre«l— w— held at 1 £. 
mtris —id a— prea—* la v.S JI e<—trett— la all exparia—ta.

Thorl— eatreetl— eppar—tly la aot det—table —til thr alt-at© so—trail— 
la 3-0 M, th© oast —n—llty d©>eadtag — tbe aalt. !—«■!—. eulol—. aad aa<- 
a— 1— al tret— off—t pr—ideally ao art—© ti— of thorl—, la— tbaa 1< tad eg — - 
trust— by tbe ether at the ait rate eo—ea trail— optla— for the ertr—tl— of 
ureal—, mtrie —id. Al(«□©)>. Ow(hD-), aad Ma(K«.. are —rked la -rod—lag than— 
extreotl—--ae a—h — altr—ti— ^eurrtag with at U J total ultra—.

la taa ©be©—a of thorl— th© —wr—ti— off—ta of tbe— aalto — ureal—, 
judged by the aaxla— ertr— ti— they lad—ad withia th© ec——trail— rwag© etadied. 
are a© folio—:

A1(K&)S> L1M)3> OclgDjJ^? —<*S}g> La{WO3,»> l-Q8> •

Tb(*to)4> WOK>»)g. 
b

1 

I

jf
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Th- rolatieo afreet of tbeea ealta Lb producing ttorium extructica la ■• follewat

a

CaOK^)a>lt»(®Da)a>»Cs>l*(«a)3 . l^m5> Al(M>3>3>-ni(MOs)4» W4«3> 0a(«3>a>

la the pruw of tbcriwa the aalta, rated oa tba aixlaua unniia extreetlea they 
ara oapable of affaatlac within the llmlta of ocaaaatretica atudied, ora aa follow:

Tbouch tba peroaataga •.xtreatlca effected. by tbeae varioaa aelta will ebange Ln 
diffareat educate. It la expected that tba relatiee aaltlac cbilitlea will remain 
tba maa.

«B(aos;1> la(M03)3 . A1(K^)3

LLBQ, • MslK^Jg.

n^ao3>wo3 -. Tb(»3)4• c*(BI0S>a

Aa Judged by tbeee 4ata CaCK^J and ® »03 would too vary awl tabla for ax- 
trwatlja jurpcaae, wtara it la latwadad^to fraaHha uraalua fra* tbcrlua. Alualnuat 
altraia al«fct be owed alao. alaoe It eefetawaa aaxlaow wraalua ax treat low at total 
altreta aoraal it Lea ac low that thorium extract low taa aot baec— warted. Fjoworar, 
tbia piaalbllity way exlat oaly For ether, alwee la ctbar aolvwata tba effeota oa 

ext root lea relatlea to tborit* ex' .-act lea any net bo th* umbo end bonce 
borlum oBt-erTkeab< ooewr at tba lit a. itraticaa aoceomry to aohieee 
urwaiwe entrant Mie.
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O«(K^)S « Ca(MOs)s> Tb(K^)<

The relative «r*eet of these salts l<u prcdeciac IBoriea axtraetioa is ss foil owe:

U®8>Al(M5)s>n(BOs)<» M4«Q3>Oa(«s)B>

7 3"

i1*

Xa the preeeu.'is of tbcri— the salts, rated oa the aorta— eraalua extrastics they 
are capable ox effectla* with la the lied to of cose as tret lea a tad led, are aa rail o—t

Thoucb the pereeata*e «xtraoticai effected. by these ver lose salts will a heats la 
dlffereat solveata. it la expected that the relative aaltia« ehilltloe will reaala 
the aaaa.

Cu(XO3)8> ita(»03)B>l*C^>Ia(MD3)8 •

■ KOK. >K« z• ■■a*1 " W a*

As Jttdead by these data Co (SO-)- aad M3 Ku weald be very owl table for ex­
tractive purposes, where it ie lateaded*to fraoShl araalua free tbcriws. Alaaia— 
altrete ai<fct be used also, elaoe it achieves aaxla— areolae extrastloe at total 
aitrete aorwal it lea ac low that thort— extract low baa sot teat— ear had. ft—ver 
this poasibllity eay exist ©sly for ether, slaee la other solvwate the efTeete oa
1 sartrootlos relative to tbcriiaa er ractlca *r.y art be the «■— aad heme

borivsi — *«0tkea^ oeoar at the sit e< ae*. itral leas aeeeesary to achieve 
wreai— ortraotica.

>K(KS)S> LatMD^^ . A1(MOs)3 b 

LiK^ • MstBOglg.
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» Cu(BOs»a

t

«R4» «>*«•««« a««ai

EcisalitT
*' '■ ^***W*4g|>

.*^SS5

1
1
1

11.0
8.0
5.0
s.o 

io.a
*.5
5.0
2.5
5.5
4.8
4.5
2.5
4.0
* •• e •»

2.5

«M» 4k-.* «*4 4»m*.**
4* « •-«« • • • M» *W

*4

7.5
5.5
2.5
B.O
4.0

iH

».o
5.0
S.O

»

0.0

% Ure.nluc 
Bxtrsct nd

< Tbori* 
’BrtT-»C*4d

2.1
0.2

55
42
50
12
67
91
69
12
39
18
18
5

93
61
J*

52

0.5
0.0
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Van tfinkle and J. Sedlet.Analysis of ore samples for protoactinium.353 MIX 1909

r’taiamd

MnO.

b

1

f.'p

It rst rej ert.ec. in CC 2165 that cartein • car­bonate residues obtained In the uranium extraction iron pitcbblendeecontoinea up 
to 1.2 parts per million of protonetinium. This value was obtained by measuring 
the amount of alpha activity carried by MnCg from an HNO~ solution to which thorium 
nitrate bad been added. The thorlim diluted cut the ionium which otherwise would 
be partially carried by the MnOg. It had been assumed that the two principal alpha 
activities present were protoactinlnra and ionium, and that the alpha activity carried 
on MrOo re-irarented the protoactin' um fraction . Apparent confirmation was r't.i'ned 
thmnjj-t rungs measurements on the alpha particles emitted from the MnOg.

More recently experiments have been performed in which such alpha-beartug 
MnOo was reprecipitated in the presence of HF. Under these conditions, It was found 
that the original alpha activity was carried almost completely on the MnOg, while beta-active Pa233 which had been added to the solution ream inert almost comple'oly 
in the supernatant solution. Further detailed experiments indicated that the alplsa 
activity which bad been carried from tho original solution was polonium and not 
protoactinium. Range measurements were again made which showed the alpha range to 
be that of polonium, 3.87 cm, rather than protoactinium, 3.67 cm.

A new series of experiments was undertaken in which use was made of zirconium 
phosrlnte errrier which was shown by tests to carry protoactinium quantitatively 
while c- Trying about lOJf of polonium activity and perhaps 1% of radium activity, 
-less experiments showed that although the solution obtained by tr-wtlng the carbon­ate fractions with HWO3 contained no significant amounts of protoaotinium, the silica 
residue fr<m the ease fractions contained alpha activity which carried on zirconium 
phosphate and ubicb could be distinguished from ionium by carrying on Mn02 in tbs 
presence of gross amounts of thorium. This activity was likewise distinguishable chemically from polonium and radium (not carried on MnOg or FbSO^ from HF solution). 
The amount of this alpha activity is such that it represents approximately 03 parts per million of protoactinium In the original carbonate material. Detailed study of 
the alpha range and other identifying charaiterletics of this activity arc under way.

In addition to these carbonate residues, two other fractions obtained from 
th* pitchblende treatment were tested for protoaotinium. One of these is the aqueous 
residue obtained when the uraniua is extracted by ether for purification purposes <"Meili no krodt** residue). The other fraction is the undissolved mixture of sulfates and other insoluble compounds left behind when the uranium is first extracted 
from the pitchblende. It is this fraction which contains the radium originally 
present in the ora. The "Mallinckrodt" residue shorad essentially no protoactlnitmi 
present in its acid soluble portion (silica not tested), while the sulfate fraction 
contained not more than perhaps 0.4 parts per million of protoactinium.
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