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ABSTRACT 

1.. Reactor Fuels 

Basic Research 

In the comparison of· the hydrolytic behavior of plutOnium with 
that of the other ht,mvy elernents~ it has been found that uranium( IV) forma 
a polymer similar to- that of plutonium(IV) in its absorption spectrum, and 
that it is fomed under similar condit:i.ons of pH and concentration .. 
Further studies have confirmed that neptunium.{V) exists in both acid an:!, 
neutral solutions as Np02+ and that hydrolysis occurs only in alkaline 
solutions.. To extend the comparison of hydrolytic behavior further, new 
studies of the hydrolysis of cerium{IV} are under way. The selt-reduction 
of Pu(VI) studied previously in nitrate solution has been studied in per­
chlorate solution. The rate appears to be linear with concentrat~on, and 
to be sanewhat lO'\'1lsr than that in nitrate solution .. 

Two samples ot uranimn 234 weighing 0.18 and 0044 micrograms have 
been prepared and are ready for irradiation at Hanford to determine the 
neutron cros$-sectionB o 

Work has been started during this quarter oll the applicrtion ot 
ion-exchange separations to the heavy elementso It appears that it may be 
possible :~o concentrate protoactinium trom HF-H~04 extracts ot ores by 
-adsorption on Dowex-50 Nsin.. Experiments on the separation ot proto­
actinium from thorium show that the separation factor is ereater than 1000 
in alkal,ine (pH ::: 12) solutions of Citrate, oxalate, tartrate, carbonate, 
fiuoride and pyrophosphate, and that it is less than 00001 in 1 m.olar HF J 

with Pa being preferentially adsorbed in the first case and desorbed in 
the second. Using alkaline fluoride solution it appears 'to be possible to 
separate Zr trom Cb, Ta .. Th, U(lV) and Pu(lV). and, with 0 .. 5 M HF to separate 
Zr, Cb and Pa tram Tho 

Process Research 

In the process for recovering uranilJDl trom the heterogeneous pile 
a beta decontamination tactor greater than 100 has been obtained in a single 
cycle 0 The improvement seans to be due to the introduction of Mn02 as a 
scavenger, to the use of higher pH (lq5 -lqS) and redUCing cOnc;iitions, and 
to the complexing of ruthenium \"lith s-diphenylthiourea. A scheme has been 
postulated to explain the anomalous distribution ot Ru in the process. and 
the behavior ot Np has been studiedo 

In the process tor isolating u233 from thorium, the pilot plant 
has been modified to provide standby production equipment for u233" Studies 
or column capacity and overall decontamination have been ~ade with the 
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modified app~·a.tus. _The decontamination from pa.233, 6 x 106, seems entirely 
adequate, bu\ the fission produc't. decontamination, 105, is short of the 
rl\.ctor of lOO which is required. There are indications that the necessary 
ilD.provement by a factor of 10 can be attained without major changes" 

20 Radioisotopes 

Radioacti vi tl MLJ.surements nnd Standards 

A cobalt alloy is now available tor rnonitorlng samples intrC'duce(i 
into the pile" The monitor can be measured quite simply in the high pressure 
gamma 10nizationchamber. The progralil on beta ray standards is p,oine tOl'Ylard, 
and a second comparison ot different methods ot rneasuring ,radioactive phos­
phorl.lS has been completedo Use of a calibrated GU' counter gave a deviation 
ot .. 1",%, use ot the beta ray calorimeter in connection with the known 
average enerBY' gave a deviation ot -0.6%, and t\\O cOIa.parisons with a BureE!ou 
ot Standards radium D-E standard gave deviations of -1.8 and ...006% from the 
average ot the tIll-ea methods, 7..78 x. loS dis/8ec~ A comparison or methodlS 
used at this Laboratory'tor 1131 gave the following results: Beta counting 
by the Production Group, 307 mc/m1; measurement in calibrated ionization' 
chamber, 3 .. 45; and beta counting by ca.librated GM counter, :3 .. 4:3. The work 
to date with the thin lens beta ray spectX'O.l:'leter has been summarized, and 
results are presented tor the followine isotopes: 

zn.6; . 
cel34 t3 h) 
Cs134 (2 y) 
Co60 (10.7 m) 
c060

6 
(5 Y) 

Sc4 
8c46 (85 d) 
m2lO (5 d RaE) 
p32 (14.3 d) 
K42 (12.4 h) 
prl/.2 (19.3 h) 

Production and Process!ng 

ca&5. (100 d) 
Cel.44 (275 d) t prl44 (17.5 m) 
Cu64 (12.8 h) 
Eu 
Rhl06 . 
xel:35 (10 m) 
xel35 (9.2 h) 

. 113;' (6 .. 7 h) 
1133 (22 h) 
Erl69 (904 ! 0.2 d) 
E~71 (70S! 0.2 h) 

Work has been begun on the reIloval of plutonium from tission product 
radioisotopes. In the first experiments it appears that plutonium can be 
separated from cerium by eluting trom resin columns with NBH003 or Na:f4o" 
eolution8o Decisions '.have been reached as to the best methods for preparing 
cel~tain isotopes in high specific activity" For Oa4S it has been decided to 
irradiate enriched Ca44 at Hanford as soon as it is available and to USF.l the 
Sc (n,p) process only for immediate needs, or tor specific activities hieher 
than 250 mc/~ Ca.. It has likewise been decided to use enriched Fe5S for 
producing Fe59 and discontinue the Co (n,p) reactiotlo The process tor pro··· 
cucing xenon tor cross-section measurement seems to be approaching a final 
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and sui table torm.. It is now possible to Obtain an overall yield of' 60 to 
65~., A method' tor its assay has been worked out and equipment for the £\111-
scale operation is nearly canpleteo 

Am>arattis 

Some data are presented for the effectiveness of' certain dense, 
transparent liquids as radiation shields.. Using a 2 foot thickness 01' 
llquid to shield a source emitting aanma rays of' about 1 Mev and giving 
about SO to 70 mr/hr through water, it was fOWld that 7(1J, ZnC12 solutio~ 
reduced the intensity to .1 to 7 mr/hr and that a~etylene tetrabromide 
reduced it to less than 1 mr/hro 

" 
\.fse of C14 in Or8anic Chemlat;rz 

. In the 'synthesis of' organic compounds containing carbon 14 it has 
been f'ound possible topreparc methanol in' 75% overall yield by the hydro­
genation of' CO2 with lithium alt,Vninum hydride in diethyl cubitol. It is 
expected that this method ,will replace the high pressure hydrogenation at 
present :in use.. A m.ethod for preparing sodium cyanate b~r the thermal . 
deconiposltion of sodium urea in yields of 97% has been developed.. , 

J.. Supporting Research 

Radiochemistry 

. In the field of radiocheruistry a number of' new observations have 
,been made.. A gar:ma ray of 207 Mev has been found. in 2 .. 6 h un56 by counting 
the photoneutrons produced. by it in heavy water. Work wi th samples of 
selenium enriched. in S.78 and Se80 conf~LnIl'that the 57 m Se activity shOUld 
be assigned to nlasS 81.. Cyclotron iITadiation of molybdenum enriched in 
Mo97 confirms the previous assignment of mass 97 to the 90 d technetium 
activity.. PUe irradia.tion of enriched Mo samples have confirmed previ~us 
assignments of the,67 h and.1S m activitiea to masses 99 and 101, respectively .. 
The half' life of the long-lived technetium activity has been determined to 
be 904 :x 105 y by meastJraent of its specific activity" 

Radlation.Chem1stty 

Work in 'radiation chemistry continues on the ra~iiation decomposition 
ot pure water and of solutions •. Simultaneous experiments ·onpurified water 
aa a liquid and as ice indicate that the material responsible for the erratic 
behavior previously noted must be distributed throu2;hout the water, since the 
samEt erratiC behavior is observed \'1ith' the ice, in \ltlich case the walls of 
the vessel could ~t be important. It has been shown that alu,::rl.num -is 
interior 'to glass as a container for such experiments, and other materials 
are to be tried. The net decomposition of water is less at 1100 C. than at 
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l"OOIl1- temperature, a fact which may be. of :importance in the case of high 
temperature, high pressure homogeneous piles.. In the decomposition or 
aqueous H2SO4 it has been shown that a steady state p~ssure actually 
exists by. approaching t.his pressure from both .sides 0 

Radiation CalorimeW 

The gamma ray calorimeter previously described has been usee! in 
an attempt to find the 65 Kev gamma ray reported to be emitted in the de.c3.Y 
of Aul98 by using sUver as I:l selective absorber tor this radiation. An 
increase 1n energy absorption of' about S% would be ex.pected if such a 
radia tion were end. tted in every disintegration, but no increase greater 
than ZC was observed 0 , • 

40 Technical Services to Clinton National Laboratoxz Research Groups 

Diffraction and UicroscoPl 

'ilork in ,.:U.croscopy and in electron and I-ray diffraction contlnues 
to be done for a number of groups in the Laboratory.. Considerable effort was 
devot.ed during this period to studies ot corrosion films formed on aluminum 
in heat transfer experiments.. Considerable attention has been given to the 
design of a high temperature oven tor use with t.he X-ray spectrometer .. 

Instrumenta ~ 

lJ:l the field of instruments, studies have been made ot the use of 
proportional counters 'for detecting beta and garrma radiation because of their 
many advantages over Geiger counters.. Another type of alpha pulse analyser 
has been proposed and studied ,tar enough t.o show its feasibility. It ic 
intended for use with samples ot lower activity than can be handled on the 
sweep type differential analyser previously developed.. ' 

~ . 

Analytical. Chemistrl 

Service analytical work has been performed at a somewhat 'great-ar 
rate than before. The control. groups for the 1200 and 1.300 areas seem now 
to be adequate for the loads expected in the near tutureo The groups doing' 
g~neral ionic anal7ses and analyses for the radioisotope production are at 
present quite under.stafted for the arount of lIIork demanded" . 
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Hyd£olytic Behavior ot the Heayz Elements (F~ NGlsona Ko 10 Krausl - POA4 CX)-2 

H:yd£ol;.t;YiC ·Behaw.:ozo,·of" 'l,~lV'2~.~):.', " 

1" The hydrolysis of U~4 has" been investigated as a function of con­
centration,ot U(IV)~ Analysis of the data'has as yet not been completed. 

2" Polymer of U(IV): Although as yet no systematic study of t,ne poly .... 
merization of UelV) has been catTied out, it can now be stated tbat D{IV) forms 
a polymer under very similar conditionS as Pu(IV)¢ Polymerization occurs in 
general at low acidities and its rate, is somewhat smaller tor U(IV) than for 
Pu(TV). In this connection it is of interest that polymerization of U(TV) has 
been observed after prolonged standing at room temPerature in 0,,25 M HC104 at 
high U(IV) concentrations (a.g o O~l M)o Also some polymer is formed# as indi­
cated by the color of the solutions,during the reduction of U02~ with zinc with 
initial acid concentrations as high as I and 2 U and final acid concentration 
'still ca 00" Mo ' 

Polymeric solutions ot U(IV) are colo~edinten8e17 greenish-black, in 
concentrated solutiol18 they appear to be a_at black.. The pol)'m8r has a charac­
teristic spectrum reminiscent of that ot pol7meric Pu(IV) with higb absorption 
at short wave lengths as shown in Figure 10 The solution trom which the po~er 
spectrum was taken was prepared by permitting 8. 0012 V U(li) solution in 0.;25 M 
SClOL to age for )0 ~s at room temperature., It appears that atter ~his time 
polymerize.tion was not complete" 

It polymeric solutions of U(n) ar:e treated with sodium hydroxide a 
brownish~black precipitate torms, probably the bydroxide of the polymer. It the 
solut'ion also contains 8omeunpolymerized. U(IV), a li&ht l£>I'eenpreciritate 
forms at slightly higherpH~ This difference in the color of the hydroxide of 
the polymer and at the (norMal.) hydroxide 1s much more striking than the corre­
sponding d1fferenceain the case of Pu(IV)., 

HzmyJ..~lc, Behavior,ot:.,HPfV}~~~(¥~ :~e18~n~)t: .. A:.~aus}, ,P~A.~, .¥.X3..,2: . 
. ," . ,.1. ~ ... 4, __ , . ~ • .f •. ,~ ... _ ..... _ ...... ~ '""I~ •• ' .' • 

A tew spectrophotometric measurements have been made on the hidrol.1 -
sis ot Np{V.)., It was found that the spectrum at Np(V) near pH 4 is practicall;y 
indistinguishable trom that in 001 U HCl even it the solution had previously 
be.en adjusted to pH 11.. " • 

Atter acidification of an alk:a~e (pH-II) supension ot Np(V) the -.' . 985, mp. band ot Np02 grows in With measurable speed; which probably represents 
the rate at dissolution of the precipitate and the rate of depolymerizationo 

, , 

(1) For ear liet;" work llee : Quarterly Report ottha Chemistry Division. 
~'on l'T-370j) SePtember 2~ 1947; p066 

(2) For previous work see: QuarterlTReport of the Chemistry DiVision, 
Mon N=3ll, June 24, 1947, PQ 6,3 
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" 
Within five minutes or acidification to pH 303 the pH rises to pH 4 and the 
extinction coefficient of the 'most prominen~ band ot Np(V) was within 95% of 
its value tor Dol M BClo On longer standing at pH 4 the spectrum is 10418= 
tinguishable from that in 001 M BClo 

1hese observations are in agreement with the conculeions reache4 
from tbe acid~base titrations ot Np(V), that the same epec1ee(Np02) exists 
both in a.cidic and neutral. solutions of Rp(V), hydrol,ysis occuring only in 
weuk),y alkaline- solutions(t 

The Interference of Chloride Ions in the 
.F~ t~ell!Qn$ K~ At> Jr.raus} P .. 4,,, 0)[3-2 

In the previous Quarterl1 Report (Mon N~370" po?l) exper~nts were 
reported which showed that during the tltrations of U(IV) with permanhanate in 
the presence ,ot chloride ions high t1tree were obtained which indicated cat.a ... 
lytic action ot U(XV) on the Oxidation. ot 01- bF KnQ"" , It 1Vas beUeveu that 
the' catalytic interterence is due' ~o the fact that ~ intermediate oxida.tion 
state of maganese causes oxidation ot chloride ions more rapidly than oxidation 
orU(IV) to U(V} and U(VI)o Under this assumption the catalytic etfect.. is di­
rectly connected with the,bigh17 irreversible nature of the U(IV)-(V) couple 
a.nd possiblt its moderate17 negative (ca -Ooil,r)potential" , 

" ' 

It would therefore be expected that the analagoue interference which 
has been reported in the 11teratue tor ferrous titrations would be less marked 
stnoe the Fe~~ ~, Fe~ potential is highly reversible and since fUrthermore Fe~ 
is a somewhat more pcmertul reducing agent. than U{IV,) with respect to u(v) 0 

A number of permanganate titrations of ferrous solutions in the pre­
sence of chloride ion~have been carried out, the results of which are shown in 
Table 10 From this table, it can be seen that the interference is, as expect~d, 
considerably les8 for ferrous ions than tor U(IV)" 

Hydrol:uic Behavior 9t Ceriwn(lV)o(K. AI> Kraus, Ro Wo Ho~er8) PoA. ~X3 ... 2 

, On t.he basis ot the av~ilable data there are 'largeclirtere.lces in 
the hydrol;,t.ic behavior ot cerium(IV) and U(IV) (eee ilion N-.370, p'~64).Since 
the data on ~eriu.m(IV) had not been collected with high precision~' experiments 
are now under way' to rQpeat t.his earlier work with cons1derablJ more catfe., 

Spectroehot'om.etrl ot Pu'VI) ,a.t. Low ACicl.1\lo(!t" t~.) Eolmberg" K" Ao Kraus) 
PoA~ CX3-2 ' 

As reported in the previous ~erly Report (Man N-370, po?6), tbe 
rather serious pH drifts during the spectral determin~t.ionB c&ue8Q considerable 
uncertainties 'in the ca1c~ation of the stability constant ot the carbonate 
comple:<: otPu(VI)o For this reason .further work on this p~obleta was temporarily 
abandoned and equipment to measure pH and. absorption spectra. s1mul.tan.eousl.7 bas 
been designed and. constructedo ~imilar17 exper1mente have been carried out to 
further improve t~e precision ot the, micro-ditfUsion anal1sss for carbonate. 
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Table 1 

Catalytic Action of Fe(11) and U(rv)1n the Oxidation of 
Cl- by Mn0,4 

ca 4·,5 cc 107 M H?JSOklil c:~4~0 x_1Q-3 M Fe~~~ __ _ 
___ .. ___ --__ _ __ • _ __ ·_·.·. __ ·_····w ____ ___ • ____ ~ . ___ ~~ _____ . __ 

ml. 5~O v HCl '-'ales Cl~ per Equivalents Mi1Ol; 
mole Fe(11) per mole Fe~ . 

0 0 1,00 

0 0 1,00 

0,050 507 1.03 

00050 507 1002 

0,100 11 .. 4 1.02 

0,500 5700 100) 

ca 5,,5 Ct', 1.7 M H2SO4; ca 9.8 x lO';'''1'¥u(iVr~ 

Ml 5",0 M' NaCl Moles Cl- per 
mole U(lV) 

Equiv::u.ent !1'n0i: 
per mole U(IV) 

I· 
I r 
l 

I 

. 
I . 

. ! 
.. _J . I 

0.050 12.,3 2.96 , 
. _-------_._----. ---_._ •.. _-_ .... -, .. -.... -. -_ ... 
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Selr-~educt1on of Pu(Vll e (Go Eo Moore, Ko Ao Kraus) PoAo CX3-2 

In the previous C.~arterll Report (Mon N-310, Po60) experiments were 
reported on the selt-reduction of Pu(VI) in nitrate solutionso Similar exper­
iments have now been carried out for perchlorate solutions and are reported 
here, 

The Pu(VI) perchlorate solutions wer~ prepared b7 oxidation ot Fu(IV) 
nitrate .solutions .. lth fuming perch1oric· acidO)" The PU(VI) perchlorate was 
dissolved 1n concentrated perchloric acid and d11utedo Spectrophotometric exam­
inat1!)n showed no detectable amount ot other. oxidation states ot Pu4 The Pu(VI) 
solutions were kept electrolytically oxidized until usedo 

Self~reduction experiments were carried out near pH' 20 8, 6,0 ~nd ca 11 
with ca ),8 x 10-3 ~l Pu solutions,009 M in Cl01;)., As in the nitrate series 'all 
the reagents were analyzed for ~educ1ng agents by permanganate.titrations. 
After adjustment of the pH the solutions were sealeci into spectrophotometer cells 
with paraffin, care being taken not to establish, contact between the paraffin and 
the solution" Arter 25 days the PH 2Q 8 solutions was divided into t_o parts, one 
resealed with paraffin and the other one placed into a clean spectrophotometer 
cell wi th ~round gla_ss stopper" . 

The spectra ot the solutions were followed' for 76 daysQ Direct spectral 
examination was used for the solution at pH'2~8 while for the other solutions acid­
ified (pH 2=3) aliquots were usedo These aliquots were diacarded after the anal­
yses" 

The results of this series of experiments were verT similar to those for 
nitrate solutions~ The rate of selt-reduction at pH 20 8 was linear and approxi­
mately 0.014 equivalents per day during the first ca' 50 days» the rate decreasing 
slightly on longer standing (see TableII)o There was DO major difference be­
tween the solution sealed with paraffin and that closed with a glass stopper, 
showing that the paraffin did not cause any spurious reductioDo This rate ot 
selt-reduction in perchlorate solution appears to be 80mewbat smaller than for 
nitrate solutions (cs 2% per day)o Similarly the nitrate solution at this pH 
appears to show a more.pronounced levelling off on long 8tand!ngo' 

In view of, the tact that the solutions at 'higher pH developed turbid­
ity and precipitates during the iriterval» the analytical figures for these so­
lutions are nol very reliable. However it appears that tho rate of selt-reduction 
at pH 7 is 2Q~- 0~5% per d~,during the first 25 to 30 days and loS! O~5% at pH 110 
In both CBses there may be eome decrease in the rate on longer 8tanding~ These 
results arew1thinexperimental error the same as tor the nitrate solutions of 
corresponding'pHo , 

(J) See: Mon N-370p po79 
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Table II 

Self-Reduction of Pu{VI) in Perchlorate Solutions at pH 208 

3.8 :It 10-3 M PuJl 0.9 M 0104 

Time (days) ~Pu(IV)(a) ~Pu(V)(b) %Pu(VI) ( c) Total 

0"18 
L21 
4<17 
g.,02 

12 .. 99 
20 0 16 
25~OO 
46.01 
70095 

0,,0' 
0,0 
0,,0 
0 .. 0 
0,,0 
0 0 0 
OuO 
OoQ 
309 

(a) From 400 mp. region 

0,,0 
1,,5 
7,,5 

10.4 
17,,2 
26 0 9 
34.,3 

- 56,,7 
7.'3" 9 

10000 
98,,2 
92.7 
8802 
80~4 
7102 
66~'2 . 
42')4 
21,,5 

(b) Based on PU(V) band near 569 m,l 
(c) Based on Pu(VI) band near 831 'mp. band . 

10000 
99,,7 

100,,2 
98.6 
97.6 
98~1 

100,5 
99.,1 
9903 

Catalytic Disproportionation of Pu(Vl by Ferric Ion~o(Ao Garen, Ko. A. Kraus) 

Sever&! more experiments on the rate of disproportion ot ~~(V)in 
the presence of rerri~ ions have been carried out in the range 0025 to lQO M 

'HJO~o The results were somewhat incoDsistant, ~d it is believed that this 
was due to the poor temperature control during the spectrophotomet;ric in­
vestieation~ The experimentstheretore have been temporarily abandoned until 
suitable temperature control.equipment has been constructed? 

Imlation ot Americium from Pu Waste Solutions: (Go W" Smith" K" At> Krau.3) PoA? 
CXJ~2 

In the previous Quarterly Report.{MOn N-370R poS2) some details were 
given on the concentration ot americium from Pu waste solutions using ferric 
hydroxide and lanthanum fluoride precipitationsu During the last quarter no 
large sc~e stepe have been carried out. Instead a number of procedures have 
been tested ~n a small scale, and equipment has been assembled and test runs made 
on the use ot Dowex 50 adsorption columns in the isolation" 

Attempts have been made, on a small scale,to effect a separation or 
Am from Pu by permangann~~e oxidation of the fluoride $llurry" These at tempts 
tailed, only Oel% to 0 0 5% at the Pu being oxidized in half 'an hour at elevated 
temperature either using the slurry directly or after evaporation to· almost 
dl7rless in the presence ot nitric acid~ Atter tuming the residue with sulu. 
furic acid and dilution with nitric acid oxidation by permanganate was suc­
cessful., 
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It flOW appears hOl'V8ver that the oxidation with permaneanate may 
be unnecessary a.nd that instead after fuming of the precipitate with sul­
furic acid and removal ot the calcium sulfate a satisfactory separation 
may be aChieved directly by use ot adsorption columns Q Experiments to 
test this method are under wayo 

Chel1l.istrz of ProtactiniUll! (A. Garant' Ko A. Kraus) P .. A. 01:3-2 

10 Isolation of Pa fram Ore Residues o Attempts are being made to 
investigate the PQsslbIlity ot developing a process tor th~ isolation ot 
protactinium (Pa231) from ore residues, which at least in the first large 
concentration steps would be simple and reproducible enough to be at~ractive 
for commercial production of this element.. Most existing processes st-UI 
sufter either from lack of reproducibility or from the need of using Illghly 
corrosive agents at elevated temperatures" Ho't~ever, it was felt that :"he 
process of Kraus and Van Winkle (CC-:3:365) could perhaps be sufficiehtly 
changed. to permit large scale isolation of protactinium~ 

In this process the residues are first. treated with .nitric acid to 
remove a large amount of the acid soluble ~ulk of the material without re­
moving protactiniumo 

The residue 'is then treated at elevated te.-nperature with HF and sul­
fUric aCid, to leo.t.:h out the hulk of the protactinium. The fluoride solution 
is treated untU fumes of SO) are evolved and thus prepare a solution from 
which Pa can be carried.. From the point of view of laree scale production the 
two stepe involving heating fluoride solutions appeared nost objectionable and 
efforts are being made to find suitable substitution ..... 

\ Experiments are under way to s~e if hot nC1, hot H~,204' hot H2S04' 
or cold IIF treatments could be sUbstituted for the leaching of the ore residue 
with hot HF- H2S04 m1xturesQ or these the cold HF treatment appears roost 
promising at present, ca sQl: or the Fa beine leached out ill two hours,. Hot 
H~04 caused. gel formation and hot <?:xalic acid gave low yields ot Pao 

SimUarly experiments have been carried out by S. Vi. Ma.yer (see below) 
to see if an' adsorption method could be used to effect a volwne reduction of the 
IfF extrac:t without fuming with H~04" These tests were also surriciently. 
favorable to make it appear possible to develop a commercial isolation procedure 
for Pao 

20 Concentration of Fa by: an Adsorption Process (So rio' Mayer) 
Using HF- H~04 extracts of the residues a Pa isola.tion process has been tested 
whi ch would be expected to cause large volume reductionso . 

Extracts containing 2 M HF and Pa233 'tracer werQ passed through a Dowex 
50 column to adsorb all cations which are not complexed by HF. The solution thus 
pllrified and still containing practically all the Pa was neutralized to pH 12.9. 
A small amount or yellow material separated. The suspension was passed thMUgh 
a second col&m of resin in the potassium fom" The Pa activity remained on the 
column" WhUe trying to convert the resin to the acid torm \uth 0,,5 M HCl it was 
found that this concentration ot HC+ is sufficient. to elute the Pa into a small 
.volume.. A re$in- adsorption isolati9n procedure tor Pa wh~ch' in addition to l~rge 
volume reduction also perndts subst.1tution of HOl for HF thus. appears fea.sible o 
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Chemical Fry 
and R. W. 

Com lexes of Th IV And 10 -0 ~t an ionic strength ot 0.;, 
under conditions of relAtively high '10) concentrAtion (ionic st~ength 
~ 1.i103 c;:oncentrAtion) A crystalline preciriVte has been obt;Q. ned. . 

Pre1imi.nary ~nalyses of this substance gAve an iodate to thorium rAtio 
of around six, indicating A double salt. A series of reAction vesse~~ 
designed to give the solubility ot "thorium iodAte" under .A vAriety ot 
conditions, At constant ionic strength, were seeded with th& crystAlline 
rrecipi..tate. They showed much lower and errAtic solubilities .under :ul 
conditions except at high Th(IV) concentration, where.there was essential-
ly no chAnge ~ . . 

The precipitates At high Th{IV) concentration had previously 
shown 10)- to Th(IV) rAtios in the precipitAtes ot one to four~ More 
recent values which were conducted on a ten-told lArger scale, using more 
AccurA.te methods for Th(IV) And NOJ~'sholNed the following for three precipl.­
tatea which hart stood in contact with the supernatants for periods of from 
one hour to two weeks (in the extremes), 

10J""/Th(IV) 

:L2.3. 
2,,98 
JQ04 

NOJ""/Th(IV) 

0007 
0017 
O~05 

The Th(IV) ~lyses were conducted gr avimetricall.;y, erov1oying 
An oxalate precipit&tion; an iodemetric titrntio~wAs u~ed for !O)­
determinAtion; and a kjeldHhl method WAS used for NO)- ~ Flame teata on 
A washed precipitate indicated no lithium present ... 

A pH change on addition of reagents of from 2Q6 to,2~2 WAS 
observed. If'this apparent pH chAnge is reAl it is difficult to explain 
with the values used tor the hydrolysis constAnt of thorium (205 x 10-4) 
and the dissociation constant ot HI0.3 (0916)Q 

'fhprmal Neutron Cross-Sections of U.2.34 0 Two u234 samples of 0,.18 
. And 0.44 micrograms respectively have been prepared and will be sent to 

Hanford for irradiation as soon AS Approval is receiv~d~ 
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rations: The BaaV]' Elements (So Wo Mayer, Eo &0 Tompldns and 
CX3-5 . 

The prelim1.nary survey initiated last quarter (eee~!onl-370, pass 
22) of the possibilities tor the employment of ion-exchange column techniques 
in the' separation ofelemente 90' through 94 from each other, tram the fission 
product-s,· and frOm aluminum, has continued.. Previoual.y, the possibility for 
the separation ot uranium trom thorium and from aluminum was report-ed .. 

The SeEaration of Pa trom Thorium 

In these exPeriments 27 d Pa233 and 24 d Tb234 (UXl) were employed 
as tracers together with a sultonat-ed hydrocarbon excha.:f'l8er, Dow ex-50 !II 
It was found, atter testing several elnants, that protoactiniwn was not 
eluted by al..kaline (pH = 12) solutions ot Citrate, oxalate, tartrate, car-: 
bonate" fluoride and pyrophosphate, whereas thorium was removed readily 
when both elements were contained or1ginall:y on a deep bed of exchangero 
The ratio of the distribution coefficients (i. e .. , P.a:Th) for these two . 
elements in these solutions at pH = 12 exceeded 1000 •. Accordingly, a break­
through rather than a differential elution teclmique may be Ets:lployed to 
accomplish their separat~ono 

It was found also that 1 M hydm£1uoric acid will JiLute protoacti­
nium rapidly, whereas thorium was removed, it at all, only extre.'1lely slowlyo 
l1ith 1 .. 0 14 IiF the ratio of the distribution coefficients for protoactinium 
ClJ'ld thorium must be less than 0.0010 

The Behavior ot Pa, Th, Zr and Cb in Ion-Exchaooe Columns 

. The follo)!ing radioisotoRes were used. as tracers: Z7 d Pa2)) , 
24 d 'Tb234, 6, d Zr~5 and 3, d Cb9,.. Buftered polycarbOO!;Ylic acids at pH' 8 
leo than four were found to elute all of the foregoing rapidly when the 
concentration ot the singly charged complexing anion was greater than . 
0 .. 05 No Four normal wlturic acid also effected a rapid desorption. A 
one per cent &amonillm carbonate sollltion \188 i'ound to elute Pa and Cb 
slovllyo However, if these latter elements are present only in tracer level 
concentrations in such solutions' thE&' \\Illl not be adsorbedo If the pH ex­
ceeds.lloS, however, extensive adsorption was found" Correspondingly, the 
use of alkaline fluoride solutions appeared to furnish the basis for a 
pOH1ble separation of Zr frora Cb, Pa, Th, U{IV), and, as will be described 
later, 'Pu(IV), and presumably Tao' (The use of an alkaline fluoride solution 
aa an eluant could be made thu basis for the recovery, concentration and 
separation of zirconium. from other metals except titaniw. and preswnnbly 
hafnium. There is some possibility that the fluoride solution \vUl seplll'ate 

. zirconium from hafnium.) 

Solutions 0., U in hydrofluoric acid were found to elute Zr, Cb 
and Pa away from thorium quite rapidlyo Addition of boric acid to t.he 005 u 
HF solution to the point of saturation served to break t.he Zr, Cb and Pa. 
fluoride complex ions and to allow these elements to be re-adsorbedo 

e In contrast to t~e above, when iodate or monohydrogen phosphate was 
added to a solution of cC!IUP+exing aeent (i"e., carbonate) \'lith the intention 
of preventing th~ elution 0+ zirconium or t.hor;ium, no such action was observed, 
deSpite the fact that zirconium and thorium iodates and phosphates are quite . 
insolubleo . 
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The Cation Exchange Behavior of Plutonium 

The exchange adsorption of plutoniu.r.l. is co:!tplicated by the possi­
bility that the element ,nay exist in aqueous solution in at least throe . 
oxidation states and in one polymeric hydrolytic form. ~:hcn one molar hydro­
fluoric acid was used as eluant, Pu(IV) remained on the co1wn while PuC VI) 
was eluted, as anticipatod on the basis of its probable occurrence as plutonyl 
iono The experiinental evidence for this consisted of' the observation that no 
plutoniuJn was coprecipitated with Lat3 from the untreated. eluat.eo Treatlll,eIit 
of the eluate with a suitable redu.cing agellt t:len p;a.ve subsequent LaF3 
precipitates containing Pu239 activity. Plutoniwn (IV) \vas found to be 
eluted rather slowly by 5% oxalic acid atter washing the bed with hydrol'luoric 
acido 

'. 
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~~ase Rule sturt:es 

The S:rstem Uranyl Sulfate- 'll'lter (CG H. Secoy) 

Study or. t~e phase relntionships in the system uranyl sulfate­
water ·throu.",:h the temperat,llre rnnee of 200 to 4000co is in pro!7,ress. 
Previous reports have piven quantitative data for the te:nnerature­
concentration rf':lationships in this system below 2000 ~lnti qualit~lt:i"EJ 
observations above 2000 • 

Ji'or the hiF'her te:1lnE'!rntllrerMrre, a vessel WilS desired which 
would have sufficient strength to withstana the pressnres involved ll which 
would not show anproci'lble corrosion by the solution or its vtipor, and 
which would pE'!rmit visual observ8tion of the phase chun('as nnd the 
crjtic;;.l phenomena,. Pyrex {!'lass '.'las found unsatisf~"'\.ctory because notice­
ab;te -etchinrr. occnrred : ... nd the percentcll'.e of strenP.,th failures was rather 
hi.p;h even in heaV,'!'-walled .2 mIn. capillary" TranSplLrent ~ut\rtz tubing 
with it 5 mIn .. b(l!"-3 and a wall thickness of 5 nm. is now hein~ used. no 
observable etching has been detected f.nd, pven thouv.h strenp;th fzdlures 
h:we occurred, quartz tltbing of tr,ese dimenS.ions seems s;.tisfDCtury in 
this resrect.. C;Jre must be taken, to. preserve adequate wi~l-t!liclmess 
at the ends of t:le tube. 

Some difficulty h;i's been eX;.ler-j enced in obt,q,ining reliable 
temperature mc:H'llrements. Since t.heroe is no obvious method of placing 
the thermoco1lplfJ junction in close pro)(imi l;'f vii th the solution wj thOllt 
wenl<eninl?, the walls of the tube, an effort has been l1k"Jde to design a 
heating block which C7jves a reproducible ternper:lture e:rl'tiient from the 
he,"!tinp.; coil tt,) the solution provided the rate of tem,f')eruture chnnee of 
the heating co'll is constnnt~ Then, by placinrr the thermocouple in a 
well in the h(~ntinp; block and by apnlyj.n9 slIitable celibrntion corrections, 
the t.empert:1tur·e of the solution coulci be obtained. The apparatus hns 
underrrone sevf~rl31 chp..nt1'es in desip.n nnd considerable time has bepn spent 
obtaininr; ca];i.bration curves" It is not ~,ret ent::'rely sHtisfactory and 
further morlific"tions are bei.np' ph,nnedo 

AlthouP'h SQ'11e d"ta h:'l.S bepn ohtJlined for the s~'8tern above 
2000 ,' doubt exists oOrlcern:i nr the acc1.lracy of the te.":I.nerature mcasure­
rnents,,:)uqh data will not be reported until rel':'able infornvltion is 
obtcd.ned. 
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The Recovery of Uranium from Enriches! }Jile~* (H. R., Saxman, R .. L. BelchE::r J G~ D~ 
Calkins,G. Ro 13" Elliott, J. l'~ McBride, F. To Miles, oJ. ~. Huth, 1::. l1u 'lurk) 
- 1'0 A. C1.5-9. 

Introduction and ~~-l 

'l'be main lJI'oblem of interest in the solvent extraction plocees for re­
covering enriched uranium continues to be the improvement of fisE-ion ;j?:rOQuct de­
cont6.l1lination. Batch tests have &iven P decontamination 1'actors ove:.. .. 106 in a 
single cycle" This improvement is due to several factors, of which the important 
ones seem to bel scavenging with mangatleSe dioxide (which removes only a small 
fraction 01' the act!vi ty but. causes great improvement in later st.eps], usa of 
bigbpH (1.5 to 1(8) and reducing condi tiona l1'errous iron plus 8 hol'li~ reduct­
ant) in the 1'eed, and the compl~x.ing 01' ruthenium with s-dipheoylthicl.:re8 (Dt'T) 
before the stripping step_ . 

'lhe anomalous dist.ribution behavior of ruthenium tracer ha3 beeu studied 
i'ntensively, au:l a scheme has been p~stulated which is able to explaiJi the results. 
The use of DP'I" to complex ruthenium has been more thoroughly tested Q It has proved 
satisfactory in all vuriations of process solutions and has shown no bad effects· 
on the distributions 01' uranium and neptunium. It Causes no ~proved decontami ... 
nation from zirconium o~ columbium. 

'Ihe behavior of neptunium in· the process has been investi&ated. Wbi,le 
it had been asrumed that neptunium would 1'ollow uranium through an oxidiziIlg cy­
cle and be separated from it in a reducing clcle, it nOw appears that the Oxifli.Z­
iug extraction would require high acid concentration (resulting in poor decontam­
ination), but that an extraction under reducing conditions with hydrazine present 
as holding reductant ~nd complexing agent carries neptunium satisfbctorily.. This 
appears to offer the. best process conditions. 

~he transfer of acid into hexone under the new process conditions (pH 
lQ5 to 1 0 8) has been investigated. 

Techniques for anal,ysis 01 hexone and for oxidation-reducUon titration 
in strong nitrate solutions hbve been worked cuto 

~J:wo papers werE.. presented at the iniorl.U&tion meeting" "The .AtlaDlolous 
Distribution of R~then1um" by G" ito So .Elliott, and "t.>-Diphenylthiourea &8 a 
Complexing Agent for Ruthenium" 'by Go Do Calkins. These are being prep&red as 
reportso "Equbtions tor Column Calculations", JilonC-J54, has been i~sued aal 
"Determination of Reducing ~ubstances in Hexonefl ·by J. ,ll. McBride will be issued. 
soono 

Fission Product DecontaminAtion 

'lhe e1'fect of certain v&riables on mixed :fission e decontamination 
has been. st~ied. 'lhe variables studieJ were hliOJ concentr&tion, use or J4DJ2 
as El scavenger, DPT in the stripping operation, urea in the reeel, oxidizing 
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(0.1 ~ ~a2Cr2D7) or reducinglu.l ~ ~2h4 + uo 05 M Fe·~) conditions in the feed. 

'lhe mixed fission activity, "super-Juice", was obtaineci by exhaustive 
ether extractions of U02{.i.~03)2 prepared from old irradiated U slugs" 

The standard procedure for b~tch exp~riment8 to simulate column can­
di tions . al'e I 

(1) 

(2j 

l:'repare fe~d; 1 til All.~03J.3 
. "super-juice" 

<V.l a Ma2Cx207 and 0.2 " HhOJ adasd at this ~oint when used 
ld th 2 h:r. standing at room. temperature for oxida\ionj,. 

Aad slurry of ~eform.ed ~nO~ to feed to give 1 g kaO~liter 
and let stand for 18 hours l14.n02 prepared by the reaction of 
On04 and J4n(1~0.3j2 in 1 l!ti Alli..03).3 at tbe polling poir.t with 
·1 hour digestion UDder reflux). 

(3) ~eparation of feed from Mn02 by filtration through a sintered 
glass plate. 

{For reducing cycle make feed 00 1 M ~2H4 and QuOS M Fe·· beat 
at 900 C for 1 hourv Cool to room temperature.) . 

(4) Extract .feed two times with 1/2 volumes of pre .. eCiuilibrated 
hexone bnd combine extracts. 

(S) ~rub hexone extrb.ct three times with 1/s volumes of scrub 
solut.i.on II WI Al(.N0,3) ,3-hexone saturated). 

l6) 1n experiments with DPT add 10 g. DYl'/llter to the scrubbed 
hexone, heat at 600 C for 10 minutes, and cool to room. te.mpera-
tureo . 

(7) btrip hexone two' "times with 1/10 volume::; of strip ~olution 
{Oo 1 l~ fu~03-hexone sa"turated).. . 

(8) take ac;.ueous strip 1rom. (7) and make up for second cycle feed 
1 M Al.ll~03)3 

.OQ 75 iii l'41i4J.i0,3 
uo 05 k Fe~~h4)2{b04J2 
0 .. 1 M 1~2R4 
0.01 )d l:i.ii03 

Heat at 95° C for 1 hour. Cool to room temperature o 

(9) Repeat st~p (4). 

(10) Repeat :step (5). 

(11) Repeat. stell ~7). 
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In the experiments where .oPT was being tested, the scrubbed hexane 
at step (;) was split into two equal fractions. ODe fraction was taken through 
'stepl «(,) and (7), while the other fraction _s taken directly £1",0. s_p (5) to 
step ('1). 

The fj acti vi ty- was measured after each step and reeu.l ts are plotted 
in Figures 1 through 7, as decontamination factor. 

, ConclusioA. 

, (1) The MD:>2 step gives a ~'decontaminatioJl factor of oal.¥ 1 .. Jr..2J but. 
the materials which have been r,emoved by- the Mn02, appear to be the co.poDents 
which are difficult to decontaminate, sillce the steps 'following an ltin02 trea.t­
ment give much higher /3 decontamination factors" This 1s more marked with 
higher Hl,O) concentratIOns. (~es 1 and 2) 

(2) Increasing acidity decreases the fl decontamination .. (Figure 3) 

() For the same pi! in t~ aqueous a reducing first cy-cle ~O.l iii 
N2H4 + 0005 M Fe++) gives a j9 decontamination factor eight times as large as 
an oxid1ziDg fiI'stcycle (00116 J.-J.a2Cr207)" (F::i.gure 4 and. 5) 

(4) DPt (10 gil) in the hexone pbase during the strip step increases 
the P decontamination factor in the strip step by a factor of 2 ... 40 This io " 
evidentJ.¥ caused by the complexing of au in the heXODeo ,4 fi8&1on product ana­
lysis on the tinal strip solution showed apprOximately e<.f.ual amounts ot RU,,:t.r, 
and ~e activities (all clo~e to backgro~nd). This is contrasted with previous 
re~lts (without DPT) which 90nsistelltly showed a much greater proportion at Ru~ 
(Figure 6) , , 

(5) Using 10 811 urea in' the feed does Dot at'fect the first cycle 
deoontamination at low acid (1'\10001 li HHO,)o 'Ihis sauiJ concentration of utaa in 
the feed usi~g OQ2 ~ID~03 does raise the first cy~le )p decontamina.tion b.1 8 tac~ 
tor of : ,.,); most of this increase is obtaiood in the extr&ctic;ln step (ficuf'c 7), 

Distribution. of Rutpenium Tracer ~ 

Further work has been done on the behavior of ruthenium tr&cer during 
repeated extractions ,nd scrubs using the techniq,ues (pre-efsu1l1bratioll ot phases t 
etc .. ) described in the previous quarterly report, Moo1 .... 370, p. )4 et seq,. 

Ruthenium tracer which had stood in presence ot ~n04 and liJAOJ since 
distillation as Ru04 was repeatedly extra!=ted with hexone and scrubbed. The 
results are shown ill ,Figure '0; which tollows the same conventions used in Konl.i-370. 
On repeated scrubbing of the hexone phase the observed distribution ~at1o 1s con­
stant at ,tibout 5. This 1s in agreement with previous' val.ues usins less hi&hly 
oxidized tracer whose original distribution ratio was low, but whicb reached a 
distribution ratio of 4 after'repeated scrubso In both cases U these sc:rub'solu­
tions are extracted with an organic phase, the <.ii,atribution ratio eq,uals about 0020 
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FIgure 8 

Diatribution or Oxidized 
Ruthenium Tra.cer 

Except tor (a), (b), and 
(c)" the equilibrations 
were tor one minute 

(a) D .. 8.. = 5.5 after 1 min. equilibration 
DoR. : 208 on re-equi11bration ot phases 

atter 5 days 
DoR. = 1,,2 after 2 };lours more ~ 2 phase 

equilibration 
Do~. = 101 after 1 hour more ot 2 pbase 

equilibration 

(b) DoR. = co5 extract atter au 
stays in organio tor 
5 days. 

(c) DoRo = OuJ8 at once 

D .. 11.., = 40.3 atter 15 min. more 
equilibration 

D"R.. = .3.,6 atter 15 mn .. more 
, equilibration 

DoR, = 204 attar 1 hour more 
equilibration 

Do 11.0 = 00 80 aftel' 1 bour 
equilibration 

DcRo = 1 0 0 after 1* hour more 
equilibration 

DoR .. = 100 after 1 hour more 
equilibration 

I 
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If a two-phacse equilibration is carried out for c:bout three hours, either scrub­
biDg the organic phaoo or extracting the scrub, tben a distribution ratio of 
about 1 is re~ched tFigul'e 8, a, b, c; ,Figure '2, MooW-)ll, G, lJ. l.hus,if ru­
ttl~nium is extracted into the o~ganic phacse and, scrubbed twice or morE the fol-
10wiDg state is obtained which ics inde~ndent of the initial condiUIJn ot the 
ruthenium tracer; on scrubbil'li6 a.D.Y organic phase for one mimte the distribution 
rl::ltio i6 about S; on extracting a~ aqueous scrub for one miaute the distribution 
ratio is about 0.2; if two pbSOO6 are stirred togE:tber tor three hours the dis­
tribution is one, and is 5,cdependent of the phase in which the ruthe'mum .61.8 in­
trQduced. 

In the original extraction the csystelll ia more compUcated. Depending 
on 'ttIe amount of oxidation or reduction, lil.02 , fu~O), .l:42Ji4' and time of sttilldiag, 
the ,original extraction varies from a distribution ratio ot 00001 to 2o~ If the 
tracer has not been oxidized the distribution ratio 1s about 0.001 to u.Ol (see 
Mow .. -)ll, Monl.'t-)?O). 'If the tracer is oxidized very cstroagly with Uln04, con­
centrated lill0.3.' and long time of stsIJ.diag, the extr&ction distribution ratio rises 
as high acs 2.40 lieating with concentrated El~03 raised the distribution ratio of 
a reduced ruthenium tracer from 0 .. 004 to 0 .. 275. Boiling with hCOOli reduced the 
distribution ratio of the KMn04 oxidized tracer fra. 2Q4 to 00 0094 ua2Cr207 
apprec,iably raised the l'utheniwn distribution ratio. ' 

11L~02 increased the original distribution ratio of reduced ru'theni~ 
tracer linearly wi tb incre&siDg hi.02 (MOllii-370, page 42, fit;;ure 12)" Increasing 
the time of standing of a hexone saturated teed markedly increased the original 
extractabili ty of the ruthenium (Mon.i.~-)70, page 37, figure 4) .. 

Urea reversea thics trend toward greater extractability of ruthenium with 
time o~ standing of the feed. ~ha extraotability actually decreased for a few 
days to later start to rise again" (Ilol.\li .. 370, page 42 J tigure 1)). Urea also coun­
teracts the etfect of Hl.~ in increasing the au distribution ratiO (~ru~-370). 

~uocessive extractions of reduced ruthenium from a feed over a short 
time result in a constant distribution ratio (~oru~-370)" ,"0 fractiol'lation then 
shows on successive extraction& of reducea feed. Oxidized teed shows a fraction­
ation and decreasing distribution ratios on sucoes£ive extractions. 

'Io explain ~ the above results it was found neoecssary to postulate 
,the oomplicated scheme shown in Figure 9.. Of U.e four a6sumed forms, RuA dd 
RUB are considered to be the ones preeent in any repeatedly scrubbed hexane 
phase. 'Ihe values shown in the figur~ for'their dicstribution ratios, equili­
brium constants" and approximate balf ,lives of ap.iJl'oach to equilibriwn J explain 
why this fraction of tracer gi"llecs distribution ratios .. ot 5 on scrubbing a.nd ...0,,2 
on reextraction of scrub when these operations are done quickly, but gives a final 
distribution ratio of 1 on prolo~eu two-phase equilibration. 

In addition to these, Rue, with a very low distribution ratio, is as­
sumed to be the predominant form in old tracer which haS stood in the ab~nce of 
oxidiZing agel.t, aruJ RUD' with a, distribution ratio of 204, ics postulated as the 
f9rm in tracer which has been in the presence of .i.Ult.n04 and lU,,03 since its dis-

~ till&tion as Ru040 . 
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In hexone-saturated fe~d solution Rue is converted slowly \monthsJ 
to an equilibriWll; mixture of Ru.it, and RuB' with the resulting increase in or­
ganic solubility. RUD 1s converted more ~u:ickly \several hours) to l1.u. and 
RUB_ In the hexone phase both reactioUl;; are faster J requiring about a day for 
RUe and about half an hour for RUD-

Different oxidation conditions convert Rue to RuD by different amounts. 
Varying reducing conditions give different degrees of conversion of RUD to Rue. ' 
For high cODversion of forms there must be very strong oxidizing or 'reducing con­
ditions. 

Hydrazine increases distribution ratios for RuA and RUB. Its effect 
on RUe'and RUD 1s not known. 

From known chemistry of rutl.enium cOllibined with these dala RUn appears 
to be RuIV; Rue appears' to be RullI; Ru.a aud RuB would be expected to be tri­
valent and appear to be (1'10) comple:ms. The hydrazine effect may be simil&.r 
to that noted by -.rgonne .I.1l&.tior!al Laboratory, where llj2h4 increased the ionized 
Hl.~0.3 in the organic phase, thereby extractil1g U02 (uO).3 - -ketazinec,H-- rather ' 
than UO~(uO))2. . 

~uthenium Distribution in Dilute Hl~0.3 

The Qata are less complete in the, absence of a.l{J;o\O"J" (strip con­
ditions) since these experiments lIere done merely as control experiments in 
testing n~ complexing (see below). One of the more surprising facts u~der 
stripping conditions i~ that there is generally a rise in the distribution 
ratios on successive strips. ~trip distribution ratios with 001 M hNO) in the 
aqueous phase and "",0.,002 in the hexone vary from 1 to >5. From the extrac­
tion and scrub data previoualy discussed (Figs., g, 9 ), one would. expe ct on 
successive strips a constant distribution ratio representative of RUA and RUB 
in equilibrium. However, in 0" 002 }a liliO)-hexoJle, approach to ectuilibrium 
appears to take much lODger than in the OQ67 N! mm,3-hexone used in at.u'l~1.ng the 
extraction and scrubbing. ~uch a delay would permit a lractionation leading 
to increasing distribution ratios &s were notedQ 

Adding U02(NO,,)2 to the strips results in a slight lowe.dng of t11e 
distribution ratio of ruthenium. heating and cooling the solution above de­
creases the distribution ratio slightly more. t'rocess amounts of uranium will 
not lower the ruthenium distribution ratio by more than a factor of 30 ¥ossi­
ble explanations would involve the lowering of the tu,02 or NO,;- concentration 
in the hexone phase • 

.at 600 G the rutl.enium distribution ratios are lower 'by about the 
same factor observed for uranium and neptunium" 

'lhe distribution ratios a1:e lower in the presence of .1'erl'ous iron 
and urea, as would be expected if(.I.iO)complexes of lb;l are involvedo 
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In the presence of ferrous iron a~d h1dra~ine the distribution ratios 
on successive strips first ciecre&sea to 8 miAimum ana later increased. two 
competing reactions seem to be ttiking place. 

s-Diphegyl thiouru as a Complexigg ,..gent for Rutheniy 

l-'revious work (JAoDl'f-.370) sbowed that s-dlphelJllth1ourea (DP'J:) l'orms 
an orgbDic soluble cOlllplex with tutheniwa in hexone solutions tiM that -it did 
not complex uranium at 26-290 0 inhexoDe solutiona. 

'lhe present work indicates the effect of M on uranium ac. 600 ~, on 
neptunium t &nu on mixed columbium-zirconium tracer, and the effect 01 various 
reagents on the comp1exing action of Dl'T for rutheniwn. In ~reneral the acti­
vity is obtained in the hexone phase by an extraction from 1 M ~(ll03)3 solu­
tions containing additional reagents. The orgamc phase is then scrubbed once 
or twice with a 1 M Al(N03)3 solution. ~he hexone tractinn is then s~lit into' 
two or more parts, one of these being treated with D~ while tLe other is not. 
1 he rebc,tions with DP'l' are carried out at 600 0 and the control solution not . 
containing DPT is teated 6.t 600 C in a similar manner.. .all solutions,used are 
pre-e~uilibrated to minimize tPe transfer of any solution component other than 
the activity in question unless st&ted otherwise. Although 6. 1'eaction may be 
oarried out at 600 C all contacts of' an organic phtise with an a~eous phase are 
at room temperature .. 

Further experilll.ents with U~)J:·,tl'acer DOW indictlte that DP'I does not 
complex uraniwn at 600 c. 'these data are shown in Figure 10. 

Results discussed above show that ur&qflnitrate reduce6 the toxone 
solubil1 ty of ruthenium when a' hexane phase of ruthenium is wasbed. with dilute 
ni trio acid. The importance of' this effect in the use at DPT to complex ru­
theniwn was tested.. 'Ihe. data are shown in Figure 11.. They ahow that 1.101 M UNH 
materially reduces the effectiveness of .3 sfl ot DPT in complexiqg rutheniwn. 
Increasing the concentration of D}l'! to 10 gil overcomes the uranium effect. 

The effect of D~ on neptunium tracer under oxidizing conditions with 
sodium dichromate and. under reducing conditions with hydrazine nitrate was , 
studied. 'lhe data for these experiments are given in Figure 12. They indicate 
that oxidized neptunium maY be complexed by Df'.I' to a small extent, but tilis com·· 
plex is not stable when the hexane phase is washed with dilute nit~ic acioo Un­
der reducing conditions with hydrazine nitrate DPT does not complex neptunium9 

Lxperiments on the effect of DPT on a mixed columbium-zirconium tracer 
show that DPT does not complex the columbium or zirconium which extracts into 
the hexane phase~ (Figure 1)) 

An approximate determinAtion of the solubility of Dl'T in hexane and 
dibutyl cell0601ve gave U.e following results at 26-270 c. 

~oluW:!! tx g{J: 
hexane 33 
dibutyl cellosolve 5 
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U233 , 5 gIl U as U~, OvOl ~ Hd03, 1 M Al("O)i) 

Note 3 a = 0" 1 .N RNO) 
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Figure 10 

Effect. of OPT on Uranium Di.stributioJl 
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Effect of UraniUUl on Rutheniwil D.t-T Distribution 

111> 
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'Ihe posslb1l1t1 of using DJ!'f to complex ruthenium in d1blt11 cello­
solve was examined. The data for this experiment lP'lgure 141 silow that ruthen­
ium is comple:xed but not to the extent that occurs in hexone. 'I'his is probably 
associatea with the lower solubil1t10f D1-"1' in dibutyl cellosolve ('5 gil) than 
in hexone (33 gil). It. was shown previously in hexone that with 0 .. 1 L. Ul'di 10 
gil of DPT ~a more effective U.an .3' g/l of DPI in cor.uplexing :t·uthenium. 

D.I:"I was found to be effective in complexing ruthenium ill hoxone in 
the pre sence of 1 l~ KN03, 00 1 },& .1Ut2lir20rt, 0 0 1 1& 1~2H4 ·1:U~03 ... 0" U5 M Fe ( liH4) 2-
(~04).2. 0.1 M CO{HH.2)2 ... 0005 M Fe{J:~H4)2(~0,J2 in the aqueous phase. The data 
for tEese experimenl.s are .shown in Figures ~5 through 190 Only in the case of' 
the use of i1a2Cr20? did the ruthenium distribution ratios with DFI drop to lower 
values. In this case dichromate had transferred to the hexOne phase and had 
begun to decompose U.e DPT. 'lhere was no indication of solias formation, how­
ever. 

Thus, DPT has proved to be an eff'ective complexing agent for ruthenium 
in bexone solutions under a varietY' of condi tiona and may be used to advantage . 
to decontaminate uranium from ruthenium in's hexone solvent extraction process 
at the step where the uran1um transfers from the hexane phaJiie to an· aqueous 
phase. DP'I does not form stable complexes with uranium or neptutdumo 'lhe op­
timum conditions for the application of ~T require a concentration 01 DPi in 
the hexone of from 5 to 10 1/1 with the reaction taki~ place in about 10 min­
utes at 600 U or in ttle orcter of 10 hre"at room temperature. 'Ilie hexane phase 
should be cooled to room temperature before contact wi tb tl.e a<tueous phase since 
ruthenium and ~e rutheJl1um-DPT com.plex become more aqueous soluble at elevated 
temperatures (~ond-370)o 

Di'!!Y.1hujeion of liea:tusium 

It'had been assumed on the basis of early experiments thbt oxidized 
, neptunium" :IpVl, would be extractable into hexone and would therefore follow 

uraDium, and that reauced neptunium, NpV or liplV, would not be extracted into 
. hexone anU would be found in U.e raff'inate. On these asewnptions a two-cycle 
process was recommended consisting of an o~d1zi~ first·cycle ana a reQucif~ 
second cJale. 

oince th6t time Chicago has ~eported that reduced neptunium, MpIV, 
forms with h.Jdraaine aD organic soluble complex." It has also been found here 
that wit.b· ' ... 2Cr-;'o7 a bigh acid concentration i~ necessary to maintain a high 
d~atr1~t1on ratio tor neptunium. Present process conditions use ~ pH of 105 
to 1 .. 8 for good decolltdlitlation. This is too high apH to allow the oxidation 
of neptunium to the extractable form. 'lherefore, we now recommend a first cy­
cle redu.ction with hy-qrazine ana, in the cycle wi.ere neptunium is to be E.epar­
ated trom uranium, a reduc.tion without complex formation, probably with ferrous 
!rOlland elLhorure& .or hydroqla.u:1ne. ' 

. The neptunium used in the work which if, aescribea .below Wa& prepared' 
bl 8-hour pile irradi~tion of U~JS04depleted of U235)o The neptunium waS ' 
purified from fission products by solution of the ~03 in concentruted tiJ.O), a 
proauct precipitation with LaF3* a by-product precipitation with LaF3. followed 
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Formation of Ruthenium-DPT Complex in Dibuty1-Ce110s01ve 
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Erfect of Concentrated ~itric Acid on Formation ?f Ruthenium-DYT Complex 
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Ru 'tracer, 1 !Ii al{d0.3):3' 00 1 M i~a2Cr~.o7' 0",3 J.~ lii~0.J 
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OQl lit l1a2I,;r;207 
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Figure 16 
Effect of Sodium Dichromate on Formation of Buthenium-DPT Complex 
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Figure 17 
Erfe~t of Hydrazine Nitrate ~ Ferrous Ion on Formation of Rutbenium-DP-T Complex 
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Ru 'Iracer, O.lli idi20HHC1, 1 lit AlOiO,),), 0.05.'11 Fe(Lili
4

)2(b0
4

)2, 
001 M U~H, b~l N liNOJ 
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N.H20llliC1 , Fe(1~H4)2(~04)2' 1 M Al(1~03)3 ~/ o.Jf 
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Figure 18 

Effeet of iiydroxylamiDe .q. Ferrous 10D OD FormatioD of Ruthenium"'D!JT Complex 

Ru 1racer, 0,,114 CO(UU2)2' O~.05 III Feli~ii4)2{~4)2_ 
1 » Al U.o)),), ,0 .. 1 N W .. o,3. 
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l~ote: a = CO(~H2)2 t O~l N fU,03 
. -} Fe (141i4 )2 (.!>°4 i2 . 
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by a product precipit&tion with Lal), rueththesis to the hydroxide and solutfon 
in concentrated H ... ,0,3_ Be,ta hOo. g&.llllD.S half-life determination gave 8. value of . 
56 hours for all samples. One s&lliple wss followed over a period of It Lalf­
lives and showed less than O.O~ of a. longer lived impurity_ 

In all the experiments described below, unless otherwise notedl'the 
hexone and 'aqueous phase S \'lere equilibrated before the addi tioD of tracer, and 
the neptunium tracer was tben 8.dded to the aqueous pbase o The scrubbing of both 
aqueous and organic phases was done wi th pl'e-equil:lbr~ted solutions, except 
'where noted" 'Ihe pH I s of tt.e aqueous solutions were measured with a ~lal)f elec~ 
trade immediately atter extl'sction. 

Preliminary results showed thht in the case of oxidized neptunium, 
lower distr:i.bution ratios ~'1ere obtained wten the solutions were allowed to stand 
SOUle time before counting than when tt.eJ ware, counted. immedia,tely afte,.r ,extrac­
tiono 'Ihis was probably due to the reduction of .i.~p by the hexone. also, if the 
oxidation was: carried out \',i th heating, the distribution ratios of Np were lower 
tban when the oxidation Wf:l.S perform.ed at room temperature. 

'Ihe vari&nce of the distributioll ratio of dp Vl with .&l'1'IO"J 3' 'concen­
tration at high acid strength is shown in Figure 20. 1he oxidation and distri­
bution were carried out with 0.1 ~ ""a2Gr,207 and 0 0 23 ~ hJ.~0.3" 'Ihe curve i'or 
u~:anium is given for comiJl11'ison. Repeated extr ... ctions and scrubbing indicated 
little if any 1'ractionation of the neptunium .. 

1n Figure 21 is shown the distribution ratio of ~pVl under these con~ 
d1tio05 as a function of tempGrature. 1he curve is similar to those obtained 
with uranium and other meta1~ aLd is in line with the fact that the 'extraction 
is highly exothermio. 'lhe heat of the reaction here WhS calculated to be t" 01 
Eg., Cal" Repeated extraction showed that at constant temperature the distri­
bution ratio was independent of which phase contained the neptunium ori~inal~~ 

On measuring the ~p distribution ratio under present p~~cess condi­
tions (pH 1,,5-1.8) much lower values were f9und • .!Ion attempt was ml.lde to explain 
t.t.is by aSEuming incomplete oxidation of neptunium. 'lhe equation 'for the ox.i.­
dbtion of neptuilium with dichrombte 

Cr2,0;';' .q. 6Np02 + ... 14H '!' ~ )1~p02"· /I- 2Gr -!l-~'" .q. ?H20 

shows that a negative pU dependence of the fraction oxidized is to be expectedo 
'Ihis effect is not large enough alone, however, to explain the observed ph de­
pendence, if the distribution ratios of the oxidized and reduced forms are inde­
~~ndent of pRo Therefore it was necessary to measure dl, the distribution ratio 
of 1..l~ oxidized form of neptunium, and d2, the distribution ratio of the reauced 
form, both as fuuctions of pH. 

The dependeI:!ce of dl OD pH was determined from distribution ratios ob", 
tsined using O~ 1 LI 14a2Cr~7 ., ... 0.1 frl Or"""'''' at low ph! S anQ excess Ailnn04 at higher 
pH r s as tl.e oxidizing lI.&ents.. The amount of Um04 present was sufficient to main­
tain a purple color after extraction with hexone.. The pH dependence of the dis­
tribution ratio of reduced neptuniUI'A , 02, was determined from points obtained 
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using either ferrous iron plus urea or ferrous iron pl~B hydroxylamine 8a the 
reducing agent. In these latter cases, the distribution ratios obtained from 
both a first and second extraction ~re used. 

dl and d2 were then combined with the fraction of neptunium Oxidized, 
x, to g1 ve the following expression 

D d1, d2 - = x + • (1 ... x) l+D ,ft..; ' •• L, 

where D is the observed distribution ratio. :'or high :x., d2 can be neglected 
and the equation simplified to 

D _ dl x 
y-:;n .. 1 'i' ,d

l
-

~n attempt has been .made to fit the observed distribution data to the 
curves calculated trom the above two expressions by finding four (or.three, if 
d2 is assumed to be o) arbitrary conatant$, A, B, ~ &ndk, in U.e expressions~ 

log dl ;; A-B pH 

log d2 = C ... ~ pH 
[~pO,+foJ 

log k = log [Np02~) 
[ Cr ,><""t' ] 1/ ~ 

4' log. _. "e" - 1.4 log{Jr') 
lCrZ07-J 1/t. '6 . 

[Cr4>H] 1/3 
:: log i ~ x 4> log . =] 17t fo 2 .. 3.3 ph 

, fCr207 . 

F (, . . ) 
= it \Eo(cr~~+-Gr2D7=) - EO{~p02·+-Up02·) 

* ** The reported values of Eo (Cr· ... ·-Cr20.;= ) and Eo (Up0211o"'-kip02+ ) give 
a value of log k = 3,,81. l:iowev~r, neither of these values was determined in 
~tr8te solutions. The fact that our arbitrarily determined value of log k = 
3094 using 001 H Cr207= and 001 M Cr~~~ does not agree too well ia, tber~fore, 
not surprisina .. 

Figure 22 shows (1) tt18 final calculated curves using the chosen con­
stallts a.o.cl (2) the experimentallJr determined points using excess MJ4Q04 , OolM 
Na2Cr207 plus 001 M Cr{HOJ)J' and 00 1 M CO{Nli2}2 plus O~05 ~ Fe{Ab4)2~b04j~ 

.Lat1mer, 110 M. J "OXidation .Potentials", (Prentice ... ll ... ll, lnc ... l~ew York, 19.38), 
page .2.31" 

iH':(,;C ... JE.55, Vol. W ... Pt'R, Chap .. 15 .. 
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dl was chosen to fit the upper limit of tte dichromate points ob­
tained ,&t low ph and the lWn04 points obtained at; high ph. 'lhen log k 'Was 
cl,osen to make the clicbromate pOints fit at high ph. d2 was 'chooen to have 
the same slope as'dl and to fit the lower limit of the points obtained using 
ferrous iron and urea .. 

From the graph'it is obvious that high acid concentrations are nec­
eSfary to oxidize the neptunium to the extractable form. The disadvantage of 
this is tha~ at high acid concentr&tions the fission product decontamination 
factor is low. 

Experiments have besn ~gun to determine the variation with pH 01 the 
distribution ratio of Ip between 1 M .al\1~0.3).3 and hexone in the presence of 
0" 05 M i'e++ and 0,.1 l\! I~21:140 

1he resulta obtained are listed in the table below: 

• 
Distribution Ratio 

pH > 

_ .. 

Original Extraction ~crub of Organic li.l;o extraction of 
Extraction Aqueous'Fraction 

';'0,,05 2700 26,,5 1,,8,3 

0.30 27.5 26,,5 3.,0 . 
r 1.,10 2.,29 ' 160 8 1.04 ' 
i 

. 

The hexone'~sed was pre-equilibrated with Alt •• OJ)J containing ~2H4. 

AS yet insufficient. data have been collected to draw any conclusion 
regarding t~ variat ion of D~Ro with change in pH. 

The, Determination of Reducigg ~ubstftnces in HeXOSe 

:"amples of cOJJUD.ercial hexone (l.a Fine), doubly pretreateci hexone, and 
treated hexone w2iCh bad been aged for five months were anal,zed for reducing 
power by the Ce~ ,and Cr207= procedure$Q 1he cerate ,oxidation involved a direct 
potentiometric titration with Ou02N (NH4J2Ce(~03)6 of.& solution prepared by 
mixing 50 ml ~1acial acetic acid, 20 ml H20, ana 5 ml olthe hexone sample. Re­
ducing Dormall ty b1 the d.1chromate method was determined b1 adding 10 ml ot 8. 

00 01 N K2Cr207 solution to 5 ml of tb~ hexone sample, swirling the mixture for 
one minute I diluting with 15 ml 6 N H2~4' and, after the mixture was allowed 
to stand for 15 minutes (with intermittent shaking), back titrating with Fe~,2 
solution. One drop of 0<0025 Ii feroin was used as the indicator. Th;e results 
are tabulated in the rollcming Table" 
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The Determination of the Reducing 110rmal1.ty of Hexone oolutions 

. . -- -Reducing liormillty as Determined by 
bample 

Ce~·4 Titration Cr207= Procedure 

Commercial Hexone 00 002* O~0081tit 

Fresh Pretreated Hexone 00000* 0,,002* 

« 
aged 'lreated hexone O"OO~ OOOO~* . ., 

*mean of two determinations 
**mean of four determinations 

ihe dichromate procedure Shows a considerably larger reducing power 
which, as shown by the low value for the reducing normality of the fresh~ 
treated hexone, cannot be attriQu~ed to decomposition of the dichromate by the 
hexone it~elfu 

Thl f£test of ~he ~gdit!on of ProRI91~·hex9~ ImR9Eitie! oS t~ RedHc~ag fo~r 
~term1Mt!oB8 

On the assumption that mesityl oxide, methyl isobuty+ carbinol, and 
butyl alcohol were the more probable impurities in hexone, it waS decided to 
determine the effect of the addition of these substances upon the reducing power 
procedures.* 

A 50 ~ aliquot of each substance was used in the determinations. For 
the cerate method the aliquot was added to a mixture of 50 ml acetic aoid·20 ml 
H20~1 ml BCl, and the solution titrated with O~02 N (~H4)2Ge(~03)6' ~o reduc~ 
tion of the cerate was noted 0 

'Ihe dichromate procedure was carried out as in U.s previous section, 
.using.a 5 ml sample of the fresh~ treated hexone to which WaS ,added the 50 ~ 
aliq'..lot. 'lhe greatest reduction occurred in the case of tt.e isobutyl alcohol 
but even in this case a maximum of 205% of the impurity was oxidized assuming 
an equivalency of one. 

Hence, the reducing normality of hexone as shown by ei tber method for 
determining reducing power carried out as above does not indicate the amount of 
aD.Y of the above impurities in the hexone. ** 
*lsobutyl alcohol was used instead of the butyl alcobol and should be only slight-
ly more readily oxidized., \ . 
**Recent illiormation from J o Marsden of 1\.noll's Laboratory indicates that they 
have de'iJeloped a method for the determination of methyl isobutyl carbinol based 
on the oxidation of the alcohol with dichromate and a colorimetric, estimation of 
the chromic ion produced., The procedure involves 8 5 minute, tWQa;>hase treatment 
with 0",1 M K2Cr207""l 14 lillO" of the. hexone containing the alcohol" The fact that 
but little reduction occurred in the above experiment may be due to a difference 
in rate of :reactionQ 
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Ipdometric Titrations in Nitrate ~lstems 

As an aid to the interpretation of data on extraction from nitrate 
systems and in particular to determine Ru valences in nitrate extraction 801u­
tioQS investigation of methods of determining oxidation-reduction potentials 
in nitrate systems has been undertaken. Efforts have been initially directed 
toward a study of iodometric reactions in these systemso ' 

" 
~c:.dome~ric 'Iitrations in Pure lillOJ ~olFltion.:s ' 

. 'lhe oxidizing properties of N03-' liO£" ~nd iljQ2 and the fact that even 
a trace of .i;~0 catalyzed t1~e liberation 01' 12 by oxygen from acid iodide solu­
tions gave reason to expect some difficulty in iodometric titration in nitric 
acid solutions. however, it was felt that nitrate ion itself was suificiently 
stable for such determinations and that the other substances could either be re"" 
moved by physical or chemical means or, at ~e least" their inter [ere nee could 
be accurately determined and limited by running the titration in a solution pro­
tected from air by a CO2 atmosphere. 

a stock'nitriC acid solution was prepared by bubbling dry CO2 through 
the 70~ C.P. reagent for 24 hours to remove the dissolved nitrogen oxides. Lome 
difficulty was experienced'in the first few titrstions from the ordinary dis­
tilled water available in the plant which contained considerable copper lmd wi.ieb. 
waS J"VO",oool .Ii in 1- oxidant. Also it was found tb.at in titrating dilute 12 
solutions with 00024 N thiosultat~dilute Kl concentrations (ca 0.02 M) in 1· to 
2 !~ acid gave a blue end point with starchs' ana that at concentrations of tlie or­
der of 00 1 Ii the color cl:.aIlge IYas violet-blue to violet to colorlesso A poten­
tiometric titration of the 12 showed this color ohaDbe to inaicate correctly the 
end point (Figure 23).* , 

A solution prepared by adding 10 ml of the stock RNO) solution and 1 g 
Kl to 100 ml of the good distilled water and protected from air by a CO2 atmos~ 
phere gave no color upon the addition of starch (20 drops of a 0,,2;E1 solution),. 
At the end of 15 minutes a slight color had developed but was removed by the addi~ 
tion of 0~07 ml of a 0,,0244 l~ thiosulfate solution. Figure 23 illustrates poten­
tiometric titrstions with the thiosulfate of solutions prepared by adding 5 ml 

*bince a violet end point is co~only associated with a bau starch solution, sev­
eral experiments were performed to establish this color change as being a normal 
property of iodo~etric titration~ not due to bad starch or an impurity in the 
ti trating solutiona,p and not a p6c'ullar property of nitrate systems. Ti tra- ' 
tiona, were performed in both liCl and 112~04' liberating 12 using {lili4)2(;e(hOJ)t, . 
J.U'J,3 and K2Cr~7. Four starch preparations were used, two from arrowroot (Gole­
man and Bell Co.) 8l,d two from Merck soluble starch, according to Lintner, using 
lig12 in 3 cases and CHCl,3 in the later oase as preservatives. 'two distilled' 
waters were used, one an especially pure water obtained from the analytical group. 
'three separate bottles of C.P" lil were used as well as some lil especially purified 
by recrystalli~ation from absolute alcohol~ The color changes in all C~6es ,~re 
the same, with a definite violet tint prior to obtaining a colorless solution. It 
iv' propable that the color change noted here differed from those commonly encoun-

. tered in starch iodine end points because of a lengthening ot. the color scale by 
the ~se of 0~024 w thiosulfate instead of O~l H solution ordinarily used in iodine 
determinationsQ 
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of e 0.017" N (NH4)2l1e(1~03)6 solution to 110 ml of a 1,,4 l~ hi~OJ solution con­
taining 1 g Kl:c 'llle titration was performed using a pl6.tinum wire and a calo­
mel half-cell. No arift waS notedDand t1:.e end point was sf.arp and reproducible. 
The color c:t..anges produced at the end point in one of the solutions to wt.ich ,20 
drops of starch solution had been added are indicated on the graph~ 

lodometric 'Iitrations in Jti.'b0;l,,-!ili.Q3 bolutions 

t'igure' 24 illustrates the potentiometric titration of several ~(N03}3 
solutionsg c.'ne, prepared by mixing oa 50 m.l of an old .2 Me .iU.(.i.~03)3 with 60 ml 
of' a 2,,5 U liNO" solution containing 1 g Kl$ aud the other by diluting 1;1 the 
Al(hO,,)3 with good distilled water and adding 1 g of ill to 100 mL Tile ph of 

. the latter solution was 206. In the latter case, also, 5 ml of 0.~173 U lliH4}2-
Ce(~03)6 was added at the blank end pOint and the titration continued to a new 
end. point. 'I he additional thiosulfate required is seen to be equivalent to tl.e 
cerate added.' " 

A DeW Al(~03)3 stockaolution was prepared and neutralized somewhat I 

with l.~aOHo The final solution was 2,,614 in a.l(i~OJ)3 and ca 0.,2 Ii in Nal~03. Upon 
1;1 dilutiqn with H20 this solution had a pH of lo9~ The following illustrates 
the results of J titrations with 00024 N thiosulfate of the 12 liberated in 50 
ml aliquots of the diluted solution on the addition of 1 g KIJ) and the effect of 
time of stbnding in. a CO2 atmosphere before titration. 

Time of ~t8.nding 
(in min.) 

; 
10 
15 

Meq 12 Liberated 

0<>0154 
O"Ol;l 
0,,0156 

The titration blank is seen to be reproducible» and 5 minutes is sufficient time 
for the liberation of 1,20 ' 

The titration blank is probably due to the presence of dissolved 1«l2" 
An effort will be made to tree tJ-.e stock solution from .nitrogen oxidesas in the 
case of lU~03 by bubbling C02 through the solution. 

D1stril!ution 0& h.N03 iato HexOR&! 

1be concentrations of nitric acid in hexone in equilibrium with luOO, 
1., 25, and, l~ 50 ~ Al(UO"h covering tr.e new process condi tiona (high pH) have been 
measured. 'l~ results are plotted in Figure 25. The data. have been fitted by 
the equation 

log [fui03] Hex = -0.74 + 0,,4 log ~{d03)31Aq .. 0,,02 pH 

for tl.e range 0 0 6 L.pH L20 O. The equation is sLown by the ll.nes in .figure 25 
for the three Al(~OJ)3concentrations. Below ph O~6 the lines show a pefinite 
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upward curvature. The fourth line for DO a.l(ti03)J was calcul&ted from the data 
of l'owell and Hemon, CC-2J94, and publisi.ed activity values. . 

The. above e'tustion can be put in the form: 

CliJ.10J Hex 
= Qoll 

0.,4 0 0 92 
C ~IO - :It A H{'> . 

"" . .3 Aq 
.Aq 

~ote that this contains concentrations of ~03 in hexone and bOJ- in the aqueoua, 
but activity of h+ as determined bl glasE electrode measurement .. 
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lsol.l!1;ion ot, U233 trow Thorium bl ~olvent l;xtraction., ,(}:;" Gu Bohlmann, G~ t;" 
Creek, C. V Q Ellison, J ... V •• Goat, D. ~~. hess,' C. E" higgins, R. i. ~'acker) ... 
}J 4 A~ CX9-1. 

Introduc;tion 

'I~ork in the Chemistry Division on the problem of sepus.ting U2J3 
from the thorium blanket of the hoterot;eUeOtllS :&;11e hUE- rti;sulied' iu 'the develop ... 
ment of a solvent extraction process utilizing dibutyl oellosolve as the or= 
ganic solvent. Briefly, the prooess consists of: 

I ' 

(1) Dissolution of the thorium metal slugs with 70% nitric ucid con­
taining 0~05 M liF. 

(2) Precipitation of ca. two grams Mn02lliter from the resulting 
solution adjusted to 5 ~ thorium nitrate 1 N in nitrio acid. This step serves 
to clarity the solution by removing dissolver "crud" and also carries ~a23,3 and 
fission products with resultant decont~inationo 

(3~ Continuous oounter-ourrent solvent extraotion separation of the 
U233 from Th 32 r l>a233 , and fission products. 

Feed; 1 vol: 5 N Th{1~03)4' 1 .N Hl~03' 

bcrub~ 1 vol~ 6 1'4 Al(N0,3i3' 2 N Ga(.N0.3)2, Ca. 2 ii Ca(Oh)2 to adjust' 
the pH to 1,,6. 

bolventa :2 vols. untreated d1butyl cellosolveo 

(4) Counter current ~tripping of the u23.3 r~om the organic phase~ 

!':'olvent: ,vols. extract from the extraction column" 

Aqueous: 1 vol. distilled waterQ 

'lhe aqueous solution from the at:1:ip column is oonCentrated by evapora­
tion and the U2}J product worked up in the laboratory. 

During the past quarter the 706-0 pilot plaot has been modified to 
provide standby production equipment for separating u2JJ in the eventUality of 
a sudden demand for relatively large qua.ntities ot' this material. ~tua1es of 
column capacityt.solvent recir~ulation, and overall process decontamination 
factors have been made with the modified set-up" 
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Bun C-22 - Decont~nation Dat§ 

~he most interesting date has been obtained in a ~n made with Han­
f.ord bombta'ded thoriwn mElta1" The metal was made up in the form of ten 1100 
graru slugs wr.ich bad received an ex.posure of 92,,6 effective dqsv '11:.is corres­
ponds to an average of 176.3 lr.i~m/a~ of heavy metal or to an nvt of ',,2t. x 1019 
n/cm2 in the adjacent heavy metal. 'lhe slugs had cooled for eighty days before 
processing was begun. 'lable 1 compar~s tbeseslugs with "a typical delivery of 
irradiated thorium to the 1.300 areall.~l) 

'Iable 1 

Comparison of Irradiated Hanford Thorium Metal with 
Estimated Typical Delivery to the 1300 ~ea 

~ource lrradia- Cooling Th232 U233 . Pa233 . 
, tion (days) (kg.) (g) 19l I 

(daya) 

Hbnford 92Qt 80 50 . 18 0.8* 
o. 35'Jt~ 

Het.Pile (1) .30;6 100(2) 245(2) 50 75 001 
70% 15 

*Calculated from irradiation and cooling data. 
**as measured byjS counting assuming looj counting efficiency. 

Fo 1.)# s. I 
19i I 

i 
I 

I 

00 17 

2~25 I 
1 

I 

The metal used in. the test run contained about 1/5 the U233, ~13 the 
fission products, and four to eight times the ~a2J3 anticipated' in the thorium 
metal feed to tbe 1300 area~ Thus the results obtained are indicative of the 
performance which might be expected in proce~sing tborium met&! from the hetero­
geneous pileQ 'rabIes 2 and .3 give the &ctivity concentration in the ~issolver 
feed, and the a~ueous strip solutions and the decontamin~tion factors measured 
in the runo 

~ .. ~----------.... ------.. --.. ~ 
1. G ~ H" Hanson to 12..,1300 bore a De Sign File, October .30. p 19470 

2" G" It" Hanson to 12.,.1300 Area Dedgn File, July 22, 1947. 

'" 



e 

e,' 

e 

-44-

Table 2 

Distribution of Beta Activity in Dissolver', Feed. and 
aqueous ~trip ~olution5 

~olution Grossp };Ia p Ru! eel 

Dissolver 1,,24 .x 1010 10 27.xlolO -- --
Feed 2 ... 0 x 109 1,,-7 x 109 60 6xl05 2"l.x10'l 

.tI.q. :"trip 900 x 10) 2.,5 x 103 t 103xl.03 74 
j - ------.. -~ 

~{J Cbj3 -I 

-- --
4,,)xlO ? 5"J..x.l.05 

2,,4Xl02 30 

The estimated(l) decontamination re~uirements of 2 x 105 for ~a23J are more 
than met by the measured factor of 6 x 106 obtained without ade~uate scrubbing, 
but the factor of 105 obtained for the fission products is rather short of the 
106 required. ~here are; howeven, several factors that suggest that another 
factor of ten is obtainable: 

, (a) ~he fission prodliot decontamination factor obtained in the Mn02 
precipitation could not be measured because of the great preponderance of Pa2JJ 
activity in the dissolver solution; however, the low columbium to zirconium 
ratio suggests that a substantial proportion of t~e columbium is carried on the, 
~n02 and that, although small, some small fission product decontamination could 
be expectedc 

(b) The beta and gamma decontamination factors of 7 and J obtained 
on ,further scrubbing the extract from the column ind1c&te further fiaston pro­
duct decontamination since the majority of the activity present was due to 
fission products. The decontamination figures given do not take into consi­
deration the beta activity fromconver~ion electrons from the disin1.egration 
of U2JJ present in the beta &8lIIpleso - On the' baSis of data obtained b7 {;>tudier, 
'this would amount to about 4000 of the 9000 gross counts per minute in the aqu ... 
eous strip 801ution with a re8Ult~t increase ot'a factor of 2 or J in the de~ 
contamination figures obtained~\3J 

(c) The tables indicate that ruthenium decontamination is pooresto 
This is probably due to the ract that nitrite is ~dded to the feed solution af­
ter centrifugation ,to make certain any small particles of'Mn02 which m81 not 
have been re~ved will be destroyed ,befo~ they can plug the columno Miles aDd 
c~worke~s(4) have shown that the presence of nitrogen oxides increases tile or­
ganic/ aqueous distribution coeflicient of rutheniumo , Batch data has indiCated 

J.. ~tudier, The fl.adiation :"pectrum of the Transi tiol1 U2JJ _) Th229-
CB-.379J. 

4~ ,~iles and cooworkers, ~om'·31lo 
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Process 
~tep 

Mn02 Ppt'n 

e 
'lable J. 

~pecific and Gross Decontamination Obtained in Run G~22 

GroBs '6 Gross fo . Fa ft Ru}} 
~tep Overall t.tep Overall t:,tep Overall bte.p 

~ 
i 
I 

3~5 .),.5 . 4·.0 I 4~O 5dO 5,,0 
• . 
J 

ce13 Zrfl CbJ} 
~tep ~tep ~tep 

e 

Idixed 
F.P. 
:;;'tep 

I 
Column{l) 302xlO5 1.lY.106 4 .. 8xlO5 1<l9xlO6 1,,2x106 6" Qx106. 1"lxlO3 t.o)xlO5 J,,9x.l05 ),,6x104 1"lx.105 

l . 
ccrub 1(2) 3,,0 3"Jx).06 7 .. 1 10 Jx107 

-

~crub 2(2j 1~1 3~6xl06 . 1,,0 
. 7 I 1,,3x10 

~ 
I I . -. : .. ' 

1. The column was packed with 3/16" Fenske helices and gave approximately two extraction plates and one~halt 
of a scrub plate. 

2",- - fIbe Scrub tests were made on a sample of extract from the column. taken over a three boUr ~riod. 
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that the process should separate 'ruthenium by a faotor of sevtral times 104 
and it is believed th&t tl.is can be achieved in tke oolumn operation bl add­
iI~ a small amount ot urea after the nitriteQ 

-!able 4 summarizes the results of a batch decontamination test made 
with the solutions from run G-22o 

Table 4 

Decontamination Obtained in Batch ~est Using ~olutioD8 
from RunC-22 

-
Volumes Gross I:' uross ¥ 

~tep Feed ~crub Organic ~tep Ovbrall ~tep o-"erall 

. 
, .' 

~xtraction 1 ·1 2 en8xlO.3 b<8xlO.3 70 JxlO.3 7,,3xlO3 
I 

:1crub 1 0 1 2 0,,8 4,,6xl04 19* 105 

~c;rub 2 0 1 :2 Ie) 6"Oxl04 -=- .. - ! 

-- ~.-.- ....... -~ -------- --_ ..... _._- ._- 0-
I - -~ ...... -.- _ .... __ ...... _.- - -~--

... No counts were measured so 4 c7i4- were- as-su.mecfforthe 0 cafc\llatioDo 

Comparison of the results after the first scrub with those obtained in the oolumn 
alone in the run shows correspondence for the gammu decontamination obtained with 
definitely better beta deoontaminution in the column6 It might be of interest 
to point out that/contrary to the results often obtained with hexone in the past, 
studies with celloaolve have usually given as good decontamination results in 
colUmn operation 8S in batch tests, , 

below; 
'l'he general conditions an~ yield figures for the run are SWIl.IllaI'ized 

~olution comwo~i~ions2 

Feed: 500,lj tt,orium rdtrate, 0083 ;,~ nitric aci.d, 00091 Nlg 

U2)J/ml. (106 c/m/ml). 

bcrub: 6 11 aluminum nitrate, 2 U calcium nitrate, 80 g cal ... 
cium hydroxide per liter t~ adjust the pH to about lob. 

O~ganic~ Untreated commercial dibutyl cell0801veo 

~~re~VOlumeB to the coJumn. 

Feed; Scrub. Jrganic = 1: L 22a 2" 8Q " 
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~ribution £~~ficientp. 

~ 

Extraotion .section 
U(Ol"g/ aq) 6,,6 
'Ih (org/aq) 0" 0054 

t\.lcrub section 
U(org/aq) 405 
Th(org/aq) 0,,009 

:hxtl'action section 40 6 feet 
I;..crub section 401 feet 

lhoriu.m s~par@tion fJ!ctor. 

1.,4 x 103 

.Pa233 carrxing op MD02 ... 8~ • 

. ~he results of the ~n02 precipitation were disappointir~ from the 
standpoint of Pa233 carrying" Orily 80~ of the Pa233 was carried by the Un02 
compared with greater than 95~ carrying obtained in laboratory stud1es~ The 
problem in this case did not appear to be a matter of scale up since a labor~ 
story test on some of the same solution also gave only about 85~ carryingo 

Table 5 

Yield and ~aterial Balance for Run C~22 

Lig U233 

'" Peed 3770 100 

.:.. trip Aq,ueOUB 3467 92,,0 

Raffinate , 60 10 6 

. ~tr1pped l!.~tract . 77 2,,0 

~atel'ial Balance 
I 95 Q 6 , . -



e 

e 

e .. 

-48= 

The recovery based on the teed is rather low but is not a true meaSure 
of the: process perforlllance. 'Ii.e low material balance which results in'the la'll 
recov~ry figure is due to the holdup of the feed pumping system~ 1he previous 
run made in the system WaS on low concentration feedo Thus the pumping system 
was full of low concentration material at the start o~ the run and this waS re­
placed with the high concentration feed of this run with resultant low material 
balance.. T~ng into account this two or three liter holdup containing 90 milli­
grams of U233 per liter the materi~l balance will be within analytical error of 

. lOOjOq If, as a consequellce of the feed holdup, we base the yield on the amount 

. of U233 left in the raffinate and the total recovered we find that the,recovery 
was 96 .. .3~. This loss is the result 01' the high HE'l~ obtained in this run since 
batch tests on the raffinate showed the distribution coefficient was unchanged 
ald;t the residual U2.33 was extractableo Previous runs mfide since the column pa.ck­
ing was chaneed from 1/8" to 3/16" Fenske helices have given l:\E·"Ib values of 107 
to 2,,2 feeto The value of 406 teet obtained for this run su.ggests that the. chan­
neling which made the 1/8fl packin& unsatisffictory in the limited beed room avail­
able for column operations in the 706=~ cells m~ have reappe~ed with the larger 
packing 0 This higher HET~ fiI'at .appeared dur:l;ng a run in which the effect of re­
cycling cellosolve after a bot water wash treatment w~s etuaied~ It was not 
possible to determine whetl.er the increased HET~ was du.e to the accumUlation of 
crud in the column or to the formation of channels afl a re sul t of' paoking settling,. 

~he column was washed su.ccessively with acetone, water, 20~ sodium hy­
droxide, water, 8 i~ n1 tric acid, and water after· the run on the recycled cello= 
solve and appeared to give sfitisfactory results on a reQrUn of rfifiinate from 
that run & but the data fro~ Co 22 indicates that the unsatisfactory performance ' 
persi~tso A ~ther attempt to clean the column has been made by letting it soak 
filled with concentrated nitric acid contfiining 00 05 N HF. Determinotion of· the 
results of this treatment await the next runo 

Run C-20 - Uel~osolv~ Reclcl~ 

Lbboratory batch studies indic~t€d that decontamination factors ob­
tained with dlbutyl cellosolve are improved by a fact9r of five to ten 11 the 
cello solve used is washed with water before being used in the bAtch test. Ho 
Blanco of Technical Division, l;.Iection 1, also investigated the effect of water 
washing on redu.cing substances in d.1hutyl cello solve and found that essentially 
co~plete removal was obtained by wasLing the cellosolve with several volumes of 
water at 60-800 c. These results su~gested that it might be possible to operate 
columns using dlbutyl cellosolve in a cyclic manner by taking the ~olvent from 
tl:.e water strip column, passing it through a hot water SCrub column and return­
ing to the solvent feed. In order to test this a li" column containing about 
eight feet of 1/4" Fenske telice packing was set up and the cellosolve f:rom tl:J.e 
strip column. washed by paSSing it through this column counter current to approxo 

1m&tely five volume. of water at ca. 500 c~ . 

after the fifteen litera of cellosolve in the aystem had been recycled 
five times, anaJ..y.1s of' the raffina.te indidated that the losses were mounting 
steadily so the run was completed with fresh solvent"PreliDiinary results ob ... 
teined in the run are. sWlIlDaI'ized in Table 6. 
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l'able 6 

Use of Continuous'~olvent Recycle in Dlbutyl 
Cellos01ve Process for Kecovery of u2J3 from !h232 

--
Time ~olvent 'I> U23.3 in HE'Ib 
(hr,s.) Pase . Raffillate (ft.) 

6 10 OS 109 1,,8 
12 2,,42 2.8 2 ... 8 
18 .3,,75 4Q5 .302 
2.3-3/4 5005 7.7 4.00 .. 
26"'3/4 1 6,,9 . 3"b 
29-.3/4 1 6,,8 305 
32-3/4 1 5,,5 .300 
33-1/2- I' 5,,3 3<,0 

*CbaJlged to new solvent 
, • 

The rise in liETb with re-use of the cellosolve followed by a slow 
decrease on sri tcbing to new solvent is interesting. !bus far no explan&tion 
of this effect can be made, noz is it possible to say beyond doubt, 'from this 
data alone, that it was the result of re"'use of the cello.solve,> .Batch studies 
with the re-cycled cellosol.ve indicate no difference from the new solvent in 
the distribution coeflicients obtained so the problem seems to be one of col.umn 
packiJlg efficiency. ' 

Run (;-19 - l!:ffec;!: of 1".01 Rate oS HE'l~ 

Run Cm19 was made to study the effect of flow rate on HET~; the data 
is summarized in 'I able 7. ' 

'labl.e 7 

Effect of :Flow Ii.a~e on l1ET~ in 706 ... (; Pil.ot .Plant Column 

Rates L/m Extraction % U233 I um,dt. . "1 
Feed ~crub :..olvent Factor Recovery Extraction ~crub 

1 .. 7 106 2 .. 8 205 99001+ 1.,8 307 
.3" 5 .3,,2 6.1 207 97.5 2,,7 4<14 
4~5 5,,2 9.0 2 0 8 95 .. 8 3".3 ... -. 

J . - --
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It is evident that the column cannot be op~rateu at rates v6ry much 
greater than the 1500 cc/hr~ deeigned feed rate without increasing the HE1~ 
aubst~ntially. It is probable that the loss could be reduced by operating at 
a higher solvent to aqueous ratiO, but this has not been demonstrated. 

~~ 

~he pilot plant has been modified to provide standby uZJ) production 
equipment. 

. , 

A run has been carried out on 80 dny cooled Hanford bombarded thorium 
metal slugso Decontamination factors demonstrated werea 

gross beta - 109 x 106 
gross gamma n 101 x lOb 
protactinium beta - 6Q O x 100 
mixed fission product beta - leI X 105 

with probable increases in all the~ factors indicated with adequtite scrubbingo 
~he recovery in the run, 98.3~, was a bit low due to unusually 'high h1:.T~. 

~tudies of the effect of recirculation, of the cellosolve after a hot 
water wash and increasing flow rates showed increased HET~ in both cases. 

• 
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2", . ltADIOISOTOPES. 

, Had' ochemical !Jeaaurement s and standardization (Ro T. Ovennan, ;'!" C" Peacock, 
L. R., Zumwalt, L" r,i, r'ry, J. ~;" Jones, E, La..'nb, on loan from Operations» 

Flux-Yield Experiments (Fe T. Overman, L -!f. Fry, E. Lamb, J o ',V, Jones) 

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

l~ Two samples are irradiated both ~ith cobalt monitor clips on 
them. 

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

3Q The other sa~ple is brought to the Chemistry Division and a 
gross decay curve is started on the ·samplec This will make a record of 

.short=lived impurities that may be present" 

4, The s&nple is purified chemically and a decay curve is started 
on the. purified sat:lple to determine its characterist{cs~ 

50 Absorption curves are run on the purified s&r.1ples and yields 
are calCUlated, . . 

6. The cobalt monitor clip is measured in'the pressure gruru~a chamber 
and tne total integrated flux which the sample was in is calculated 0 

7. Fron these data an effective pile cross section is calculated" 
These numbers will be reported as g.which is the neutron density in the 
pile at the position of the ~ample and ~ which is analogous to the pile 
reaction constant~ These concepts are developed in a memo (Jones to OverMan, 
~)ovenber 11)47). . 

The Operations Division is cooperatinp, with us in this proeram 
and has loaned us the services of !!r. Lanb to assist in the preparation of 
the datao 'tr" Lamb will then be ina position to take the data back to the 
Operations Division and will know its value and its limitations. 

The second activity which has engaged the attention of this group 
has been the flux monitoring programQ As has been indicated in previous 
Quarterly report~; we have had clips made uo which fasten on to the outside 
of the cano The same clip may be used inside of a rabbit for a determination 
o~ the flux of the rabbit although many determinations have eiven extremely. 
consistent results of the flux at the rabbit Dosition., As is given in the 
nport ot the measurement of the pile flux, (!':on C .... 398), the rabbit neutron 
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density is 0 0 71 n/cm3/watt and the flux (nv) is 10 56 x 105 n/cm2/watt" We 
hava corroborated this with a number of gold'measurements made during this 
quartero From these measurements we have calculated the wei{~ht of oobalt 
in the monitor alloy. 

The. flux may be detennined from the 'monitors now by irradiating 
one of them a10ng wit.h the other materisl being studied,. After a suitable 
length of time the monitor is placed in the pressure i.onizatton chamber and 
the ionization current is measured. This time is of the order of five days" 
This is made necessar,y by the fact that the alloy hos in it a certain 
percbntap,e of Mn which gives a 2.56 hour half~·lire and is useful for short 
bombnrdments. The alloy also contains some sodium activIty which was intro~ 
d~ced inadvertently in the melto These activities decay away to negligible 
prorortions in about five days¢ The flux is then calculated by using an 
~uation of the fonn 

f ::;: 
RvxvxK 

s 

where f is the flux in neutron;~/cm2/sec 

R" is the number of rutherfords. per volt of cobalt, This i8 a func­
- tion of the scale on which t.he measurements are read p 

v is the number of volts per gram of monitor alloy and is read on 
the ion chamber potenti.ometer . 

K is a constant contain1.ng in it the number of atoms of cobalt per 
- gra~ of monitor and the cross section of cobalt 

·s is the saturation fa.ctor (1'.- e .. /l~) 

All of these tenns are 'known for the particular instrument which 
is now in operation andror the alloy now beine used with v being the 
variable. '.Ve will be glad to make saf'lples of this alloy a;ailable to an~'­
one d6~iring to make such a measurement, Such a measurement and calcula­
~ion takes a matter of minutes and it is hoped that all those making 
irradiations will ~ke use of these 'Clips " It 1s hoped that all samples 
going into sample stringers in the pile will be routinely measured in the 
I'~dr future. 

Some of the results of studies made with these monitors are given 
in the following table, The table includes the stringer position, the 
flux, afl reported :in ~~on C-398, and the ratio of the flux at the stringer 
position compared to the center flux .. calculated from the curves of Ho Jones 
in cp··2602 using the averaee power le-"el of the month I s bombardment and 
the flu.x as measured with the monitors" 

It is seen from the table thAt while the curves of H., Jones pre= 
.diet smoothly varying vflux from. one position to the other) such is not the 
case. In section 13 H positions there is a plus and minus vari.ation of 
the.order of 15-20%0 The variation of flux with time at these positions 
i~ ~ndGr investigation. 
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Stringer. . Flux Calculated Flux Measured fcaic. 
Position ~ll values x lOll) (All values x lOll) fmeaso e -
13 H 21 4074 4.43 1.07 

13 H 22 4~74 4,,49 L06 

23 4,83 4.05 L19 

24 4.83 

25 4.83 4.48 L08 

26 4~83 4.57 L06 

27 4.76 4.31 LI0 

28 4.85 4.42 1.10 

29 .4.85 3.91 1.24 

30 4<85 4.32 L12 

31 5,03 4.85 1.04 

32 5"03 5004 LOO 

e 13 G 17 2~92 .3.13 0,93 

18 3001 3,,26 0 .. 92 

19 ().10) Est. 2.87 1.,08 

20 (),,20) Est. 2~46 1n.3::> 

13 K 3 4,,84 4.,30 1013 

4 4,.7; 4,.25 1.12 

14 A 11 3,,98 4.,12 OQrrl 

18 4,.07 4,20 0.97 

21 4,25 4.40 0.91 

23 4.34 4,,76 0.91 

24 4.43 4,,90 . 0~90 

26 4061 4,,94 0.,93 

14 C 5 7.03 7.98 O.8~ 

e 8 7.03 7,75 0; 91: 
Avgc 1..04 
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Other work that has been done has been the detennination of the 
cross s~~tlon of FeS4 from various sacnples that have been irradiated in 
the Clinton pile and at Hanford. The X-ray measurements have been made 
b;r Rp Go Fluharty of 'f. I" To Some irregularity is noted in the various 
measu·reiTlents. In the first set the Hanrord flux was determined by the 
ratio of the Fe59 and the F.,55 in two samples' that had been irradiated in 
the two piles., From this ratio the. cross section was calculated for the 
long-lived isotope with the calculation giving a result of about 0,08 barns. 
On the'second sample the actual number of megawatt days at Hanford was 
used in the calculation" This gave 8 cross section of about 1.6 barns. It 
is obvious that more work will have to be done on this probleM.,. On the 
irradiation mentioned last, the ratio of Hanford to Clinton flux was found 
to be only about 10,. Some work seems necessary in the determination or the 
flux used in such irradiations before such calculations will b~ highly 
significant. The corresponding value as determined by Pomerance in the 
pile oscillator wa.s 2 .. 4 barns. 

Beta nay Standards and lfeasuremants (L R. Zumwalt) 

A seeon~ comparison of the determination of the disinteeration 
rate of radiophosp:lorous by absolute beta counting and by calorimetric mea­
sure::ient was made. This comparison was marked by a greater certainty in 
the accuracy of the calorL~etric measurement and by an independent absolute 
beta. count determination through the use of a recently acquired National 
Bureau of Standards radium O=E standard where the procedure recommended 
by the Bureau was followed., The results obtained were: 

l!ethod . 

10 Use of Calibrated 
G-M Tube with our 
usual technit')ue . . 

2, Calorimetric, !!ea­
surement and average 
energy of 0,700 Mev 
(by Cannon & Jenks) 

3. Use of NBS RaD-E Std. 

Disintegration I~te (dIs) 
at a given reference time 

(with estL~ated probable 
error) . 

'7 u 90 ! 0 .17 x 108 

7.73 ! 0.10 x 108 

Average 

7.64! 0017 x 108 

7e83! 0.17 ~ 108 

7078 x 108 

Per -cent Deviation 
from Average 

~l:. 5 

-0.6 

-L8 

..,.0.6 

Three radium D-E secondarY atandar.d sources were calibrated and 
sent to the National Bureau of Standards for intercomparison, The sources 
were prepared by evaporating a few lambda. of carrier free RaD-E=F solution 
on a small square of 2,5 mgfcm2 polystyrene film centrally disposed on and 
cemented to an aluminum card, the dimensions of which were 21." x 3tH an.d 
220 mg/cm2 thick~ The backing of this source was found to increase the 

'. 
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extrapolated counting rate by 26% wh:Ue the covering increased the countIng 
rate by another 3% ,. 

The results of the intercomparison are given below: 

RaE Stdc dim Determined dim Determined % 
by Calibrat:ton by NBS Difference 

#1 10,530 10;360 1.6 

#2 9,940 9,620 3'.3 

#3 10,780 10,620 1.5 

A study was made of the absolute beta'counting of 10 mg/cm2 gold 
foil in an effort to aid in the determination of the neutron flux in the 
experiment of Snell and Miller on the half=life of the neutron. It was found, 
that the net effect of seltescattering and self-absorption by the gold foil 
was that of increasing the extrapolated counting rate (source 2 cm from a 
30 rom diameter end~window G-'{ tube) by 41% over ,the counting rate which the 
same gold activity w'ould give ~f the source were ftweightle~s"" 

, , 

In connection with studies of the effect of beta particle scattering 
on the counting rate of radioactive sources, a series of forescattering and ' 
bac~cattering curies have been obtained with various ,beta particle sources 
(Co ~ I13l, RaE and p32) for foils of various thickness and of materials of 
atomic numbers ranging from Z : 4 to 82. Recently, a series of absorption 
curves were taken of CobO, . RaE and p32 sources mounted on 50~gfem2 Fonnvar­
polystyrene laminated films with no backing and also with a backing of thick 
plates of material (which give saturation bac~scattering) of atomic numbers 
ranging from Z :: 4 to 82 0 These data are to be used to determine the effect 
of backscattering by thick materials of various Z in increasing the extra­
polatedeounting rate and also to' detenmine the absorption curves of back­
scattered radiation~ It is found in connection with the latter that back­
scattered radiation is less degraded in energy, 1. e., the absorption curve 
of the back scattered radiation--which in general, has a greater slope than 
that of ',the unscatter~d radiation--becomes more nearly similar to the curve 
of the unscattered radiation, the higher the Z of the backscattering material. 
Thu~~ 1n the case of RaE with a lead backscatter the absorption curve for 
the backscattered radiation has almost the same slope as that for unscattered 
radiation, while with an aluminum backs~atter the slope of the absorption 
curve Is about twice that for the unscattered radiation. 

A fonauls. for the solid angle subtended by a circular disk at any 
given point, P, bas been derived as an expansion in even powers of ;OIR 

. where I' is the perpendicular distance of the point from the axis of the disk, 
ar.d R is the distance trom P to the center or the disk. This has been de-' 
rived so thnt the ge~etr.y of elements of the area of a source which are 
not on the axis of an end~window G-~~ tube may be calculated w This will be 
included in report !jon C=377 which vlill give a detailed discussion of much 
of our previous work on beta countinR and the effects of beta narticle 
scatteringu 

" 
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Recently an intra-laboratory check has been made on an 1131 
sample 0 The results obtained are eiven in the following table: 

~!ethod of Detennination Activity 
mc/m1 

Beta counting by production 3,7 
],aboratory 

Use of calibrated ionization 3.45 
chamber (R'I'O) . 

Use of calibrated G-~;{ counter 3.43 
(lRZ) 

The fragtion of posit~ons emitted per disintegration of Zn65 was 
determi~ed. A Co 0 source was used fo~ compa~ison together with data on 

. the relative counting efficiencies of' gamma rays as a function of gamma 
ras' energy in the case of a copper cathode G-H counter< The determination 
gives 6. result of vo028 :!: 0,005 positrons per disintegration of Zn65. 

A report has been prepared by to Go Fry on the preparation of 
ultra-thin films for low scattering=mounting for sources. 

Decay Schemes: Stl1I11M.ry of All Spectrometer Data to Date ('No C. Peacock, 
J o ~VO Jones an'd R. T, Ovennan) 

7~65, A new value was obtained for the positron endpoint~ The 
value of 0.32 ! 0.01. Mev replaces the former value of about 004 lfev which 
was given in a private communication from DuBridge and his.group as are­
. sult of cloud chamber. measurements < 

Cs134 'Jh). Highly converted gamma ray of 00150 ~ 0.03 ~~ev going 
to lower state (CsI34 2 y)n The alternate. transition from Cs (3 h) to 
g~ound state is now being studied. 

~134 (2 y).. GarMla energies of 0.610 ! 0.02 and Oq 799 ± 0"02 !!ev 
compared with values by Siegbahnand Deutsch of 00584 ! 0,,012 and 0, 776 ~ 
0,015 ~!ev. The beta ray maximum was found to be 0,635 ! 0002 ~,{ev'as com-' 
pared with the value of Siegbahn and "" Deutsch of 0.645 = 0"02 Mev., 

Co60 (10 .. 7 m) r A gamma ray ~nergy of 0.056 ! 00003 1~ev to the 
ground state of CoW (5 y) repgrted by Deutsch, Elliott and Roberts has 
bean checked" The decay·of Co 0 (1007 m) to Ni directly has been found 
to be by a beta ray of 1. 56 to" 07 Hev followed by a ganma ray of 1',32 ! 
o .0) ·~ev. The values previously reported for the beta are L25 ! 0006 by 
Deuttch, Elliott and Roberts and 1.35 ! 0001 !!ev by Nelson, Pool and 
Kurbatov. Both used spectrometers for the beta· ray determination., The 
gamma ray energy was determined by N~lson, Pool and Kurbatov as 105 ! 0 0 2 
!!ev by absorption in lead. 
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CobO (; t)· .The gamma ray energies were found to be l~l6 ! 0.02 
and L. 30 ! 0.02 Mev. They had prevl.ousiy been determined by Deutsch, 
Elliott and Roberts to be l~lO ! 0,02 and 1~30 ! 0002. They were alao 
given by L~ C~ :filler and L., F. Curtiss as L16 and L32 lfev. 

SC46
n This was found to have an isomeric state of about 24 m 

half-life" -Its radiations are being studied., 

Sc46 (8~ d20 . The g~ ray energies were found to be 0 ... 89 ! 
o ~ 02 and L 11 ± 0 c02 l!ev. They had previously been measured by A < 'Uller 
and'L Deutsch at 0.90 ~ 0,02 and L12.t 0,92. 

Bi2l0 (5 d RaE), The spectrum was compared in shape with that 
of T1206 (3e5 y). The Tl isotope has a Kurie plot that is straight from 
the endpoint at 0.770 t (),,015 ~~ev down to below 150 Kev energy (corrections 
due to window absorption have not been made), While, on the other hand, 
81210 does not have a straight Kurie plot as has been pointed out by many 
previous observers~ ~Ye confirm the energy maximum at L17 ~·;{ev for Bi210 ,. 

p32 (14<3 d), 'lIe agree with K" Siegbahn that the Kurie plot of 
p32 is straight from below 150 Kev to the endpoint at a maximum energy of 
1.,715 :! 0 .. 005. (Our value) ~'ie have found the avera,~e energy to be 0,701 
± 0 e 007 ~jev Q 

!i~ (12,4 h). :'/e find the beta spectrum complex, having endpoints 
at 3060 ! O~05 and L 9 !' 0,1 Hev and a. gamma. ray of 10;0 ± 0~05 !!ev in 
agreement with Siegbahn~s more accurate value of 3058 ! 0 0 07 and 2.04 ! 
0 0 07 !lev for the beta rays and L 51 !'.ev for the gammas '. Our source thick­
ness for the beta counting was too thick to make an accurate estimate of 
the relative abundance of the two beta groups but Siegbahn's value does not 
seem to be unrea~onable. 

pr142 (19~3 h). Thi's isotope was studied because the beta ray 
shape was reported to deviate appreciably from a straight line Kurie plot~ 
The spectrum was found to be complex explaining the deviations, There 
appear to be three beta rays with the maximum being 2,,23 !: 0,,05 Uev in 
reasonahle agreement wit.h the value of 2<14 ~ 0,02' found by De~'(ire, Pool 
and Kurbatov. They also report a L 9 Hev gamma ray associated with this 
iSQtcpe having an abundahce of about~. Our preliminar,v results indicate 
t.ha t . there are gamma rays associated with about 18% of the disintegrations--
1. .. :".8 of about 1.3 ~~evJ the other of about 1~65 !.ev. They are not in coincidence, 

Ca45 (180 4). Found to have a. beta ray endooint at 0,,248 ;t 0 0 010 
!!.ev? No gamma rays were found., . 

~~l44 (275 d) Jt pyl44 (17.5 ml. pr144 is the daughter of Ce144 
and the two were in equilibrium throughout the measur.enents,. prI44 has a 
beta ray m~num of 2~99! 0~05 '{ev with a"straight Kurie plot and C~l44 
has a beta 'ray .rna:xi.m.um. of 0.,302 .: 00010, Conversion electrons are observed 
at. 0.075 ! 0,005 Uev and at 0,117 ! 0005 'rev. ~'!ork on these isotopes is. 
continuing" 

Cu64 l12 c 8 h16 The ratio of negatrons to positrons was found to 
be 2"08 ! 0.04 in good agreement with the value of 201 by H. Bradt, et aL 



e 

e 

,e 

-58 ... 

We are in reasonably good agreement with the encipoint enereies of Tyler 
for the negatrons and positrons. Our values are,,(l- 0.570 !: 0.010 Mev 
and,,6'+Ou6l.4 .t 0.010 as comp~red with Tyler's values ,of O~578 :! 0,,003 !,~ev 
for the negatron and 0.,659 : O~OO) !.tev for the positron. 

/ 

Eu (Lons-lived isoto~s~.. Unreported work is also in progress on 
the long=lived isotopes of this element u 

Rhl06 , A paper is in print in Physical Reviews which gives the 
decay schem:;-or the )0 s daughter of Rul06 (1 y). 

The following disintegration schemes are being worked on by 
!I\'" C .. Peacock in collaboration with A. R, Brosi and A, D. Bogard: 

Xe135 (10 m). This isotope decays bv isomeric tranej.tion vii t.~l 
the emission of a 0.524 !' 0,010 Hev gBlMla ray. Previous values by lead 
absorption range from O~5 to 0'J6 ~!ev" <' 

Xe1J5 (9,,2 hi. 'Decays by a 0093 : 0.03 '·!ev beta ray .followed by 
a 0,,247 ! 0.00) !.'ev gamma ray. These values all agree well with previously 
deter:mined values in the fis6ion product table which has been published in 
the· open literature, 

1135 {6~? hI' This isotope has a complex beta spectrum with end~ 
po:'nts which seem to be at L40 (25~)j 1,00 (~) and 0.47 (35~) and at 
least two gamma rays at 1.,27 Sold 2,00 !{ev., The aversee energy per disinte­
gration of this chain including the isomeric state in XelJ5 is about 2.11 
!.!ev Q These 11;5 values are all tentative and work is still in progress~ 

1133 (22 h2. The gamma ray previously published in the fission 
table as having a gamma ray of 0.,.55 Uev by absorption in le~d was found to 
have an energy of 0.528 :!: OeOl0 ?fev.,. 

.. 
Two activities in erbium have been studied by B. H. Ketelle and 

~'; 0 C. Peacock: 

§r169 t9.4 ! 0.2 d). This is found to emit no gaf~a rays and has 
a bet-a ray endpoint of On3; :t 0,)1 Mev. 

Erl?l (7 .. 5 ! 002 h)" This is &. beta emitter which has been as­
signed to ErI?1 since it decays to Tm171 which has a hall'-life of 500 ~ 
100 d. Er171 has three alternate modes of beta decay. 71 = 5% of· the 
betas have an energy of 1005 ! 0.03 !{ev and are followed by two gammas of 
0.305 :!::. 0,.010 and 0.11:3 ~ 0,,005 Hev in cascade. The 0~113 Hev gamma ray 
is highly converted and has a half-life of 2. ~8econds 8.ecording to 
DeBenedetti a~d McGowanv 6 ~ l~ of the betas have an energy of 1.49 ~ 0905 .'ev and decay <1irectly to the ground state 9f Tffio 22% of the betas have an 
energy of On67 ! 0,03 Mev and are followed by a 09805 ~ 00025 )~ev gamma. 

,/ 
,/ 
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Analysis of Rare Earths f).:om Canadian Pitchblende: (H. W. K.ohn, J. A. Swartout) 

t. Introduction: 

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

110 Analnical Procedure and Results: 

. The analysis of the rare earth fraction was made using a high 
temperature (1000 C) Dowex 50 cation-e~change column to achieve separation 
of the rare earths. The cations from an 001 solution of 30.6 mg. of the 
rare earth o~des, including 10 mg. activated in the pile, were adsorbed 
on the column and eluted'with ammonium citrate~citric acid at pH~ 3.0. 
Fractions of the eluant were collected, the rare earths recovered, weighed 
and- analyzed spectrographically to identify the individual species. The 
results are shown in the following table. 

Analysis of Rare Earth Fraction from Canadian Pitchblende 

Fluant -:'fei€ht 
.. -------- .. ___ _ __ i Total - -- .- _ .• ... -.... - .- -- ~_ -"'11- ..... _ _ "'" 

1* 

J 2* 0~8 2,8 
3* 
4* Ou9 30 0 
5* 0,9 3¢0 
6* 11.2 36,,6 
7* 5.1 16." g 0,,5 1..6 
9 < 0".3, 4:1 .. 0 

10 1..4 4v 6 
11 10.3 4.2 
12 0,,9 3 0 0 
13 1.2 Jn9 
14* ..::0 0 1 "':0.,) 
15 0.4 1.3 
16'* LO :L2 
17 it~2 .16 2 0 

31~1 mg. 101.)% 

* Fractio~ shows activity 

III. Conclusion: 

IW I , 
VW M I 

M I 
w M 

, 
i 

! 

I J , 
I 

I 
i 

I iT T 
!II W i 

,IV: M 
IV: M FE 
T FT ' 

T 
MT M M 

w fA 
M w 

, M VW T , 
FT , 

, V"" .;1 

T VW T 
vs 1M '- ,----- ,---- . W 

Because of the experimental error involved and the relative in· .. 
sensitivi ty of the europium lines, more than en approximation of the europium 
content is probably unjustified. Europium appeared in the eluant from the 
co131¥ chiefly in FractiollS10 and 11 t constituting about one .... third of l''rac= . 
tion and most of IIp or a total or-about 1.7 mg. of the 31 mg. of oxides re­
cover~d~ This corresponds to about '.% europium in the rare earth fraction 
from Canadian pltchblenge Q The major rare earth constituents are yttrium, 
neodymium and dysprosium with yttrium compris:1:ng greater than 5(J/.. of the, mix .. 

'ture... - - . 
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The Removal of Plutonium from Fission Products: (H. W. Kohn, J o Ao Swartout) 

10 Introduction: 

The present ion=6xchange processes for the separation arid iso~ 
lation of fission products do not reduce the plutonium contamination to 
the maximum level permissible for shipment outside of the Atomic Energy 
Commission. This maximum level is now considered to be 0.01 ug of Pu per 
mI. of solution •. Since the production procedures involve the readsorption 
·of the separated species ·(Le. rare earths, zirconium and col:l1llbium) on . 
cation~e~changera for metathesis to some readily usable form and·for vol~ 
urne reduction, it would be convenient to remove the Pu contamination in 
conJtmctlon with these steps • Furthermore , there are now on-hand large 
amounts of fission elements rendered unavailable to non-project users by 
their Pu contamination. Therefore, it appeared desirable to seek a simple 
ion-e~change separation which could be inoluded in ,the presept production 
process and could also be applied to the removal of Pu from existing fission 
element preparations .. 

IIQ E~rimental: 

The general procedure used for the exploratory studies was the 
adsorption of the fission elements Qoneerned and the plutonium on a cation", 
exchange column followed by a determination of the separation ~ffected by 
various eluting agents. Since the plutonium 1s contained in citrate or 
oxalic acid solutions prior to readsorpt1on, with the result that the form 
of the plutoniUm is uncertain because of possible cornplexing, polymer forma~ 
tion or equilibria between valence states, this type of experiment seemed 
more applicable than equilibrium experiments, 

Ao Separation of Pu from Ce: Plutonium and Cel44 were adsorbed from 
a citrat~ sollltion at pH 1.3 on eight 50 em 1C 0.6 cm diameter columns, 4 
of 70 mesh Dowex 50 and 4 of 40 mesh Amberlite lR .. L The effluent frac'" 
tions were at first evaporated and transferred to platinum plates, but the 
loss or Pu due to adsorption on glass and/or spattering subjected these 
results- to considerable doubt; Therefore the J...aF3 precipitation method 
was used, which, since it carried the Ce activity also, could be used to 
determine both Pu and Ce~ 

Two of the eluting agents used (3%H2C204 = NH40H at pH~ 3.0, and 
2.,5% H2C204 ,~ 2,,5'/, NH4Cl) showell little or no Bepar~tion of Pu and Ce., five 
percent citrate at~J and 1% NH4HC03 gave inconclusive results due to the 
analytical method then in use • Apparently no movement of the activities 
was obtained with these. Oxalic acid (~) moved most of the plutonium 
without moving the cerium, but the rate of movement was slow, so an inter­
mediate pH (1. 25) was tried on a 13. em Amberl ite lR=I column. Al though 
this showed a poor separation. 8 column ;0 cm long would be eXpected to 
give a decontami~ation factor of 1~Na4P2~ and S% NaHC03 eluted most of the 
cerium with very little Pu~ 

An examination of the elution curve for ~ ~C204 on an Amberlite 
lR-I column indicated that the ~ might be present in mor~ than one form, 
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the larger part (92.5%) being eluted by the H~204l1 the rest being elut.ed 
,with 4NHCL 

III.. Program: 

The possibility of the presence or more than one state of Pu 
complicates the problem. A procedure uSing NaHC03 or NazP4O, to elute 
cerium followed by a second readsorotion cycle to effect further decon­
tamination and concentration appears promising. The study of comple1:ing 
agents and variation ~ conditions will be continuedo 
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Preparation of Radioisotopes &f High Spe-cifJc -.Activltl' (R .. M. Rice, J 0 A. Swartou-t) 

1 Ca45 
"-

A. ~oduction: 

The problem of producing Ca45 of sufficiently high specUlc 
activity to S6tisty biological research requirements has received, and is 
now receiving, considerable attentlon~ The Operations Department of Clinton 
National Laboratory is now developing the TTA ~~lve~t~xtraction prOCEIRS of 
A.. Broido and P. C .. Tompkins for extracting Ca4 , produced by an (n,P) re­
action on 8045 , from the scandimn. .As will be pointed out, this proceae has 
the disadvantages of (1) low yield, (2) l)ecessity of handling very hig~l 
levels of Sc46 activity, and (3) requires the use of a major portion of 
the supply of scandium. To clarify the rr,lative merit of vuious possible 
mode~ of production of satisfactory Ca45, a comparison was made with em~ 
,phasis on the Sc (n,p) process and the use of enriched Ca.44" 

B • CQmps.z:;!.son of Mcde s of Product ion: 

Three general neutron irradiation methods are available tor 
the production of Ca45 of higher specific activity than that obtained by . 
bombarding calcium in the Clinton graphite pile; (1) irradiation of natural 
calcium in the Hanford pile, (2) the S045 (n,p) reaction in the Clinton or 
Hanford piles and 0) irradiation of enriched CaM in the Clinton or HIm"" 
ford p11es$ A detailed comparison of the specific activities obtainable 
by these procedures, the amopnts of target material required and adv4ntages 
or disadvantages of each process is given in CL-JAS p 12 (CNL Central File 
No .. 47 .... 11 .... 265) ~ Becaus~ of the obvious difficulty of transporting,and hand, ... 
lings sample of SC20J bombarded at Hanford~(containing ~~9OC Sc4b per gram), 
comparison was made between production of Ca"''!?y the So (n,p) reaction in 
the Clinton pile .and by irradiation of 5~ Ca44 at Hanford. According to 
available data, the present suprly of 5c203 of 30 gros, which constitutes 
a major portion of the world supply, would producg 5 mc of Ca45 in lRO 
days 0 Associated with this would be ISO C of $04." For the production of 
an eq~l amoun't of Ca45, 5 mg. of ~ CaL.4 would suffice with no subsequent 
chemical processing required yielding a product with a specific activity 
of about 950 mc per gm. Cao I 

C. Conclusion, 

Atter consideration of these comparisons, the recently 01'­

ganized Steering Committee for Radioisotope Res'$rch and Development de~ 
cided to initiate efforts to obtain enriched Ca44 for bombardment at Han· 
ford" The Sc (n,p) process will be continued to supply immediate needs or 
requirements fo~ ver,r high specifiC activity. It is expected that the 
specific activity of about 250 mc/gm Ca obtainable by irradiation of nat~ 
ural Ca in the proposed high-flux pile will be satisfactory for·most users .. 

II. Fe59 

A. rntroductiQn~ 

For many uses, particularly in biological research, the 
Fe59 produced by irradiation of iron in the Clinton pile is of too low 
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specific activity (0.3 ~ 0.6 mc/gm Fe) and, in addition, is undesirable 
because of its 4yFe55 content. The former defect is alleviated some~ 
what by irradiation of the iron in the Hanford pile which increases the 
specific activity about 15 foldl the 4y Fe5S is, of course, still present. 
The Operations Department is also investigating the Co59(n,p) reaction 
utilizing the TTA solvent-e~racti~l proc~ss of A. Broido and ~. C. Tomp­
kins to separate the F'e59 from the cobalt. This process po.ssesses the 
disadvantages of the Sc (n,p) process discussed above~ As in ~he ease 
of C&45, a comparison was made of the various modes of production of Fe59. 
especially with respect to the biological requirements of.high specific 
activity and freedom from FeS5• . 

B ~ RO!T!l?arison of Modes of Production J 

Four general neutron irradiation methods are potentially 
capable of producing Fe59 of hieher specifiC activity than that resulting 
from bombardment of iron in the Clinton pile; (1) irradiation of nat¥ral 
irpn at Hanford, (2) the Co59(n,p) Fe59 reaction, (3) irradiation of en Q 

riched Fe5S and (4) utilization of the Szilard-Cha]~ers reaction on fer~ 
rocyanides. Comparisons of these are given in CL~JAS-13 (CNL Central File 
No. 47-l1~265). On the basiS of the data presented, it appeared that only 
the Co (n.p) reaction and the irradiation of enriched Fe5~ at Hanford 
would produce satisfactory Fe59. If 15% FeSS containing J1, Fe54 is bom .. 
berded at Hanford for 46 da~s, the product contains 255 me Fe59 per gram 
of iron and less than J$ Fe55• Whereas 182 ems. of Co would be required 
for the production of 1 me of Fe59 i£l the Clinton pile, 4 mg. of 15% FeSa 
would produce an equal amount6in the Hanford pile and without the necessity 
of handling hieh levels of Co 0 activit Yo 

" 
C. ponclus1on; 

. , 

In view of the availab~lity of enriched Fe'S and the adv 
vantages of its use as a source of Fe 9 in comparison with the Co (npp) 
process, the Radioisotope Research Steering Cammi'ttee agreed to utilize 
enriched Fe58 for the preparation of high specific activity Fe59 and dis~ 
continue work on the Co (n.p) process. 
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rations: The pe.mra.~2n ot the Fissi0'l Prod~cts in~,..rr-efL~~J! 
Eo Ro 'lblnplr..inS and G.. E.. Boyd 

In 'the radioisotope production procram for 'the preparation of the' 
fission product activities, one kg uranium. slup,s are dissolved in a slidlt. . 
excess of boiling nitric acid '(2,,5 liters). After a ten-told dilution of 
the dissolver solution, the extraction and oe?6ration of the cationic fission 
products is conducted by use of a series of ion-exchanee columns. In view o! 
the recent improvements in the urlderstanding of these matters, it was docided 
to examine the possibility for the bettering of these operations .. 

It is planned to test several. procedures" One of these upon Which 
some results are avaUableis the following: One gram of' uraniun nitrate was 
dissolved in 2" 5 ml of dilute nitric acid and then a mixture of fissio~1 r..roducta 
which had decayed for one w~k was add~" The solution Vias passed into a siX 
gram bed of exchanger initially in the sodium fOrT1.. The uranium. was a{~SOl'bed 
completely" A small volume of water was then used to ''lash out the anionic 
fission products, consisting chiefly of ruthenium" Then, a 2% sodium fluoride 
solution adjusted to a pH ot 12 was used to differentially elute Lhe zirconium 
activity.. The degree of alkalinity was sufficient apparently to hold back U(VI.), 
whereas the fluoride ion served to retard the desorption of those elements Which 
form insoluble fluorides and do not give complex ions Q ~Jext, a 1% aml'l'Ionium bi­
carbonate solution, 0002 .M in fluoride, was used to elute the uranyl iono 
Subsequently, twenty per C<:Jlt citric aci(t solution of pH = 2~5 containing 0002 'M 
fluoride Wo8 used to elute the Cb, and then lC>% citric acid at a pH of three was 
eauployed to elute the Y, 61, Pr, Nd, Ce" Finally, a 20f0 citrate solution at a 
pH :: 6 .. 0 wns used to remove Sr and na. and generally to clean up the column. 

one inte..resting observation wa.s made incidental to the ca.rrying out 
of the forogoine sequence" In the 9tep in which the occluded anions were 
wa~led from the bed with distilled water, it was found that the continued 
passage of the water (pH = 604 to 608) caused a yellow, uranium-containing 
compound to be washed out of the colunlll" Possibly the precipitate may have 
been uranic acid formed by the hydrolysis of the adsorbad uraniwIlc 

, 

.. 
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Betadiketone Extrac~lQris; (A. Broido, Po C. Tompkins) P. A. CXl~24. 

l!!.trqguction: 

During the past quarter work has progressed on practical pro= 
cedures for'the preparation and purification of various isotopes. A 
sample of Be? has been separated from a lithium cyclotron target. The 
enractablllty of stron~iwn with TTA has been determineci to check the 
possible use of this extraction to separate calcium' and strontium. A 
few microclll"ies of carrier f:-ae Fe59 have been extracted from a pile -
bombarded cobalt sample. Work has continued <)n the separation of the 
65 Gay fission product zirconium and its 35 ~y columbium daughter from 
each other and from other fission product impurities present. 

Zirconium - Columbium Separation: 

Furth~r work on the determination of the Zirconium species in 
aql1eous solutions has been discontinued, SinQe)this problem is being 
Ul'ldertaken on So full time basis at. Berkeley,; U 

Since the fission product Zr ... Cb solutions available at:linton 
Laboratories were 0.5% in oxalic acid, an attempt ",as made to separate 
these elements from o~lic acid solutions. It was foun4

2
that when the 

0 0 5" Qulic acid solution of' a 6 mo,., old Zr...Gc fraction { }was diluted 
with an equal volume of conc. HOI, three 'extraotions of the aqueOus phase 
with equal volumes of 0.514 TTA in benzene reduced the Zirconium in the 
aqueous phase to less than 0.1% of its original value~ The aqueous phase 
contained several activities in addition to the 35-day columbium isotope. 

The aq11et)usphase was fumed repeatedly to near dryness with 
HN03 to destroy the oulate, and the columbium together with the rest 
of the zirconium were extracted with cupf'erron,wchloroform frol1) 6N ',JiCl(3) 

, Remaining in the aqueous phase were the following radiations1{4J 

Conversion electrons - 90 Kev and 120 Kev 
g ~ra1s = 0.14 Mev, 0 ~; 'Mev" 1. 2 Mev and > 2 Mev 
~ ~rays = 0.6 Mev and 0 6 32 Mev. 

None,of these radiations followed rare e~ths, alkaline earths, 
or ruthenium in the radiochemical analysis scheme~ \5) 

Further work is being done on the separation and identification 
of these activities, and a report will be issued upon completion of this 
work 0 

Freparation of Fe59 t 

An attempt was made to separate some carrier~free Fe59 from pile 

ri]~Connlck, R.E.o personal oommunication. 
(2) CC ... 2827 
(3) CC -2009 , 
(4) Spectrometric determination by W. 'C. Peacocko 
(5) Reynolds, S. A. ~ personal oommunication. 
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bombarded cobalt. A cobalt sample (2.7 gill C0304) was dissolved in HCI, 
the excess Hel evaporated, and the, COC12 dissolved in 25 m1 O.05M"El. 
This solution was then shaken for rv24 hours with an equal volume ot 
0 .. 2. TTA .. benzene solution. The benzene phase was \lashed several t~f,!S 
with O.lN Hel and the Fe59 reextracted into 5 mlof 6B'HC1. The yield 
(..-v2.5 uc) oo~gd favorably with that calculated from the determi­
nations of Irvine\ land a B a) coincidence dete~1natlon by Peacock 
indicated that the sample c'ontained less than 10$ Co impurity~ When 
analyses are complete a report will be issued on this work. 

Extractability of Strontium with TTA; 

Since a procedure was desired to remove calcium impurity trom 
strontium samples, the e~ractability of strontium with TTA was deter~ 
mined. As was e~ected, strontium is even less extractable than calcium4 
The accuraoy of the value for KS . is not too high since strontium do~s . 
not extract until the pH (~d, therefore, ionic st~ength) is quite high. 
Further,. fission product Sr 9 ~ Sr90 was used for the determination and 
it was necessary at all times to correct for the y90 present. The ex· 
perimental reSults are tabulated below v 

Table I 

Extraction of Strontium with Tl'A 

Cone. p.H C§rr~-- ..--- Keq 

in C6~ . (Sr).a. 

0,,4 fI. 7 .• 5 0~68 llxlO~a-, 

0 0 4 M 7,,55 0 .. 44 9:xl o~· '!t!) 

0,,4 M 7.7 ' Oe8; 7xlO..;'1~ 

OQ2 M g~3 2.1 rv5xl 0 · .. 15-* 

Kave ~ 9.xlO ... 1.1 

• Ionic strength herP is high, i.e. u ~ 0~3. 

Preparation of Be7 

A sample of Be7 .has been separated from lithium and impurities 
for use by Dr. Bolomey of the Biology Division.. .a. report on the separ­
ation is being written in co"operation with Dr. Bolomey and it wOllld be 
useless repetition to give all information ,here 9 Several points of 
interest may, however, be mentioned. 

It has been found possible to separate pure Be7 trom cyclotron 
bombarded lithium with TTA¢' Unfortunately, the berylliumreextracts fr~ 
the benzene phase at an extremely'slow rate - one ~eek's shaking with 
concentrated Hel extracting about' ~ of the Be7 aotivityo 
(6) .. Iknro.=U2n ~ " ," .~, -,-----
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The 'D'IJriticatlon was finally accomplished usl'og acetylacetona 
instead of TTA and reextracting into oxalic acid. The rate of re­
extraction from acetylacetoneQbenzene is much more rapid than from TTA­
benzene. In checking the. distribution of Be7 in this process, an 
interesting observation was noted. When an aliquot ot the benzene ' 
phase was pipet ted into a capsule and allowed to evaporate at room 
temperature, the Be7 activity disappeared as the solution evaporated" 
This result was not predicted by us from the characteristics of ~Qro 
quantities of beryllium acetylacetonategiven by Arch and Young. ~7) 

(7) , l"ernelius, '1'1. C., Inorganic Synthesis, Vol. II (1946)., . 
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Deoendence of Cross Section of renon135 on r.:nertr r of ~Telltrons (A"" 0 0 ~'mrd 
,\ .. R. Brosi, s. Freed~ /"!. '.:.. !-fehert, r,.~ 'J. ?~rker, ,r. ·~o Rueh w1th~. . 
Bernstein~ ,r. Dial, r'" r,'. Shl'tniro and n~ P. qtanford of the Physics 
OJ,vision) 

Seectrometrv 

The performance of the spectrometer and eountin~ equipment is 
satisf/lctoryo .Uso, sRttsfnctoM,r is the rey:'roducibility in the positioning 
of the xenon holder in the neutron beam. The spectrometer has been 
calibrated for hi~her order reflections [md their contriblltions to the 
intensity in the re~ion betwep.n 0.01 anrlO.03 electron volts will be 
'ta.ken into account" 

Computations have been completed for determininp'; the optimum 
transmission, that is the optimum thickness of the xenon sample in the 
path ,of the neutron beam. . 

Chemical Processes 

Introduction 

In the ~ork of Borst and co-workers on the cross section of 
Xe135 as a function of neutron enerpy, fission product iodine was ~ 
covered and nrecipitRted with carrier iodine as PdIZ. ~fter prowth ot 
the Xe135 daughter" the PdIZ preCipitate was !lsed as'the absorbing sample 
in the crystal spectrometero 

Thejr process for recovery of fission prod~ctiodine consisted 
of dissolving the uMnium met.al in HCl, oxidizinp. 1'+ to n02 +2 ~"1ith 
concent.rated ~fa2Crz~ 'and distillinr: off the iodine into a PdCl2 solution 
saturated with 502. PdI2 "1recipit,1,ted when the 002 was removed by boiling" 

VP.ry errntic result shave heen obtllined i.n attempts to repeat 
thi~ process. The work done in order to pet conf"l.stently hjRh yields 
i& reported here •. F.ssentinll.v the s',me process has heen usedlJ the most 
import;mt modificRtion bein." more preCise control of the oxidation step~ 

l~X')erimentaJ 

The reaction vessel was a three liter flask with nine stHnd,~Jl"d 
taper necks.. Into these necks were fitted (1) a reflux condenser, 
(2) a Pt electrode, (3) a saturHt~d KCl snlt bridp:e, (4) a thennocounle 

. well, (5) n. tunpsten electrode, (6) a stirrer, (7) (8) and (9) capillRry 
tubes for the addition of various oxidizing a.n'n .red~lcinp. solutions. The 
flask \'\faS mou~ed in a ~lvcerine hath on a hot plate so that iodine could 
be distilled out •. 

In order to follow the oxidation reaction the rotential of t.he 
pt (U"'4. t1OZ+2 ) elect.rode with a saturat.ed c11.101001 reference electrode . 
was measured usin~ & continuous readinp, vacuum tube voltmeter which drew 
10-9 to 10-10 amps. In some of the Illtar work, tunp,sten was used as ~ 
reference eiectrode in order to eliminhte lIse of a salt bridp.:e .. 



e 

e. 

-69-

In order to determine iodine yields ::nd stur.l;V di sti11ation 
rates, 1 to .2 me of 1131 t,."cer wns ueed9 The 11 raithtion was detected 
nnd'recorded usinp'fi countinp rate meter.. In different experiments the 
r.-M tllbe W:lS located in order to det,ermine the ch:mRe in trc runount of 
iodine (1) in the reaction vesse1~ (2) in thp. vapor 'over the solution. 
(3) 1n the reflux condenser, nnd ,4) in thp. rece! vinp flaskQ 

Solution of uranium ~~etIi1 

It is nroposed to isohte the iodine from six uranium slup,s in 
the active ~lflSo The oroceSA develop,cnt work was done with one,~uarter 
slug (1/24 seale). In the first ex~erimenta about three hours were re­
quired to dissolve a qua.rter slug in 550 cos of concentrat.ed BCL Lnter, 
the metal was susnended in a pt p.a.uze basket. so it could be removed from 
the solution after one hour. It was found that contact with the Pt gau1.e 
increased the rate of solution to such an extent that practicallY' all of 
the :netn.1 WllS dissolved after one hour. In ;:lany of the succeeding experi­
ments all of the met;,). was di Bsolved and never did more than 5% rf':m:lin 
undissolved i,t!ter one hour. 

Since it wns thou~ht that this increase in rate of solution was 
due to '<.\ reduction in overvolta~e the Pt basket vias plutinized~ Any 
incred.se in the rnte of solution caused by th:iE was too small to be 
reildily appArent. 

In two ex~riments the ,tr:/ses from t.he dissolving reaction were 
scrubbed with an al,.kaline sulfite Flolution. In these cases iodine carrier' 
and tracer were ;tdded to the conoentrated !lCl before the met,a.1 was 
dissolved. Ar1.1.lysis of the scrubbing solution showed that about 1O~ of 
the f'C1 esca')ed trom the condenser but notrnore t'an a few tenths of a 
per cent of iod~ne was lost. 

'Oxid~tion of Uranium Find 101ine 

In rrelimi nary exneriments on the .oxid:ltion of j odide ion in 
boilin1', fTCl4, solutions wit', conc€ntratE:d Na2Cr.zo, solut:! ons. iodine yi elds 
were founn to vary from 10 to 50%.. It w~s found t.h:"t on reducinp- 'fdth 
~lH,20HonC1 more iodinp. I'ms liberated I!lvinj:1 ~ totttl yield which was seldom 
more thnn 60% and in most cnses much less. 

"}hen potontiometr:i.c mellsurc~nents were m,1.de it was found that 
iodine was. evolven only at the U+4 end point. Bven with rlihlte dichromate 
solutions the end !,>oint was so ShHl"P that it was imnossible to stop 
addition at the o:;*.imwn point6 "!hen iron '''Ins added· to catalyze the U+4 
oxidation it was found that iodine "ws liherated in tl,e rer:rion buffered 
by the 'Fe~2, Fe+3 eoup1eo 

.'ttemots :':ere .then made to measure the relative iodine vapor 
r'lreSSllre as a r;mction of o:xidation-redueti'on potentiaL One rnillipram of 
iodine <'11ld 2 me of 1131 were added to a solution' of one-fourth uranium 
slu~ in 550 ccs of concentrated HCl~ The solution \1aS boiled and counting e rates were determined \lsin~ a. shielded tube 1oC<'l.ted between the flask 
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and I'l. reflux condenser. In these crude :nel'l~mroment it aoneared trat 
the iodine vaoor nreSSllre wns a mnxim11ll1 in the rerlon where Fe+3/Fe+2 
w?s from 1 to 6. Since iodine Vir,S collecti.n&- in the reflux conde'1.ser 
dlJrinrr the jnf:wsurements they were not ver~r reliable. nistillation of 
iodine \'IdS possible in this rerrion but the rates were too slow. 

"'hen ~la2Cr2D? wrtS used as oxidnnt the solubility of NaC1 was 
exceeded. Since the nrese-nce of this solir! pJ"Iase mipht como1icate the 
process it was e1iminllted by usinp, Li2Crz07. u·:ith Li.2Cr207 a.s oxidant 
and a Fe+3/Fe+,2 ratio of two, yields of 65 to 70% were obtained after 
one hour of distilL~tion. . 

Since sulfate ion decreases the solubility of iodine the iron was 
added as a concentrated Fe2(S04)3 solution in the next experiments. One­
third of the iron (25 ccs of a satur;,ted Fel(S04),3 solution) was added be­
fore the Li2Cr.207 and two-thir-:s (,0 ccs) W:.S c.l.dded after o.x:idRtion to 
the u",,4 end point.. . . 

In the pre:~ence of sulfn.te ion the iodine could be dist:i.lled 
out at n rate proportional to the 'amount of iodine presentuntil the total 
iodine was redlleed to about 0 .. 25 me: when the rat.e deerellsed more rapidly. 
The time renuired to distill 5Q% of the iodine Wan 4 to 8 minutes. By 
addine one-half ~he cflrrier (0.5 mg) a.nd distilling for 10 minutes, then 
adrline: the rern;dnine 0., 5 mg nnd disti1linp., it was possible to collect 
90% of the tracer'in thirty minutes. 

An a~tem!)t was made to orl(iize with !I~2 rather thfln Li,2C~ 
in order th~;t the rr-4 end point could be determined by the color chnn!"'e. 
,t the end point FeS04 fmd Fe2(S04)3 were widen t.o Cl'ive A Fe+3/Fe.f.2 
rAtio of t"JO~ The time rO~\lired to d1 still out 50'1: of th{j iodine (0 .. 5 mg) 
W;:JS t".'cnty-fi'le minutes. Thjs W~$ considered too slow for n process 
involving the 647 h 1135. 

In another ex?')C'ri;ll.ent no c;,rrier iodine W's .:;dded. The !t+4 was 
oxidized with Li2Cl'207 ;lnd a Fe+3/Fe+2 ratio of two )'18:3 establis'Ied llsinp: 
FeZ(S04)3 as above. In thls Cnse the iodine trc.lcer vms distilled out at 
the rate of forty-seven 'Tlinlltes for a 50;" ~rielc. T'11en 1 mg of carrier 'VIas 
added the time required. for recovery of 50<-:- of the iorlina wns fool' minutes& 

D;.lta obtained in the distillution experiments discussed above 
are plotted in Fi~ure 1. Anproximately the same amount of 1131 tr~lcer 
wus added in every case~ The eountiOf~ rate of :1 shielded nu tube 10c;:ted 
near the still is plotted versus time of distillation~ These curves 
show the marked increase in the rate of distillation \'1hen purt of 'the 
cl1:~oride ion wC'.s r~plHced by sulfate ion" The difference between the 
upper 2l.nd loVler curves shows the. effect 'of iodine concentra.tion on rate 
of distillation. 

Recommend:",tions 

Dissolution: "[rap uraniwn metal in platinum p,auze" Dissolve in 
24~ liters of concentrated Hel per slug at the. boiline point for one hour~ 

'; 
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At this time 90% of the metal should bE-! di asolvej~ Since the 11)5 will 
ha.ve deci1yed to 90~~ of tha ini th.l acti vi ty the ,wer all yield should be 
about 80% .. 

Oxidation: iidd 100 ccs of saturuted Fe,2(S04h solution and 
2 m~s of carrier iodine as j odlde per slup, to the Iii nsolver soliltion .. 
Then add n sat'lr?.tcd Li2,.Cr2P7 solution .36 r;;pidly as th(" violence of the 
renction permits unt.il thp. cnrt point is ormro;lc:iPd. In the t!xperinentnl 
work, 100 ccs of solution lVIlS required for n ql.U'rter sIn£': of I!letnl Rnd 
this was added in t''1enty to thirty :ninutes.. ThE; L12('r~ solution WAS 

added throur.h a COf~rSe sintered p.llls~ filter bel,')'w th,'! surfltee of the, 
UC14 solutiono Add the Li2Cr2,.07 solution until t.he U.J.'4 end !,oint is 
reached as indic1.!ten by olatinum and tunp,sten elf1ctrode.'.. ";Yitl1 ·t.he 
tungsten electrod~ no !';}f.P is shovm until within f. fel,. pel' cent of' the 
end point ~'lhere the Ir,T reac'I-Jee a maxirnum. "'hen t'1e enn }\o:i nt is rell.cr.ed, 
add 200 ccs or saturnted Fe2{S04)3 solution per f,lu~. 

Dietillntion: tJec:mse of the lO1~ iodine concent.-!lti on and the 
. .,igh chloride ion concentr:.!tion;· the vNpor pressure of iodi> e over the 
solution is very loW' relative to thnt of Vlilter. It is thertlore n",cessriry' 
to use· a frflctionntin,1'l' column in order to reduce the MOlmt ')f water 
distilled over. It is estiIlliSted that two t.!leoretic;.l.l plnt.es: one in ti'e 
still and one in the condenser, are Buffi clent.. In the exPeri.ment,::.:,l worl.< 
an unpacked twelve inch el2:~ condenser \'ms used. Coolinp, 'wate,:'WtL5 run 
in at the top at such a. rate th:,t ahout 95~~ of the water \'I'IS l;1ndensed. 

,Use a ~dCll solut.ion into which 302 is bubbi(~d as '~ l'?cci vine 
solution for t·he Iodine.. Pass a slow current. of air int.o the sinl to 

. prevent brJ,ck diffusion of S02" Reflux the solution af rhPidly,tu possible 
without.. floodin,; the column. Control t,he l,esaper'ture of the condenser 
so th[ .. t not more tha.n 15 to 20 ccs of water lire tHstllled over in t.hirty r 

minutes.. Reflux for ten minutes, then add 2 ffip:S of =_o0.ine carrier 'f)er 
sltW unM continue refluxin!! lfitil the rate of dj still: tion is npprodmntely 
equal to the rate of, decay of 1135. :,t this point, shut orr-the SO;, 
nnd remove the coolin!! Welter from the cond e:lser~ Aeration of the h(.\'. 
receiving solution will remove the S02 and allow procipitation of Pd.',z. 

~s3wnim! th.1t the oxidAtion ann 'rii~t,illtit:,on are eomnletcc h 
one hour, a ;!ielcl of 8O~ includinfl' dec:;.y shouln be'i.lx:.>eeteri ro~ these 
steps.. The over all yield of 1135 includin:::- dec"y frOM the time Roluthn . 
of the ~1H~t':ll is s.t,~rted should be between (,0 to 65~" ~ 

~~Ie would like to thank I... '3.. Hoe-ers, for nUIn~rollS helnful 
d:i sCllssions.. . . 

Lare:.e ~cn.le. ProcessinF' of !31U(!S 

See report. by r,. P'!rke! undnr heading nprepar?.t,ion of Xl :35_xe135n" 
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Assay ot Xa'135 

7.quip:nent, h'-lS' been built for the assny of curie amoUnts ot 
Xe1.35 1n PdI2 precipitates. It consists of a sample holder surrounded 
by.A.'our inchee of lead tlnd mounted in a fixed position vlith respect 
":,, a hirh pressure ionization chamber. Ion currents are mc<.:.sursd with 
a vibrntinp,reed electrometer. Ionizntion is produced by the hArd 

. g(lrruna rnd:i.ntion of the iodine pnrent ot xel :35. Beta ray spectrometer 
meaSllrp.ments, reported elsewhere, huve shom that Ram::m. radiation from 
other iodine and x~'non' acti.vities will not interfere. 

In order to cAlibrnte the iontz·,tion chmnb9r ":lith reenact to 
the di sintepration rnte of 1135 the devil,ticn from linearity or" reSDonse 
at sriy ~iven' ion ~lrrent has been dete~ned using radium sourceso . The 
ion current from 1135 samnles witl1 knqwn di sint(~,fl'ration T'rl.tes is t.hen 
observed unn corT'~ctions mnde for non-line::r:tty in res!,onse of the 
instrument. Previous 1.1IOrk has shown thflt the disinte"rF.ttion rate of 
aliouots Can be obtdned bv beta count1n,a with an instrument of knoWn 
p:eodtetry .. It is Qstirn.'1te~·'t!~at calibr;Jtion errors wi1] not exceed 5~. 

Additional errors a.re introduced bcenuse the amount of xenon 
at anY' .~iven time i;3 calcull')ten from the amount of 1135 at the tins of 
meA.surc1'It'tnt, the timc elapsed between precin1t;,tion of l'd12 alld'measure­
ment nnd the dp-cay constn.ntR of 1135 and le135 • The lnrf'est of these 
errors, whi.ch F1IllOunts to 8% u.t the ma.ximwn of the Xe135 r:rowth curve, 
result s from an unclert"l1 nty of about 2% in the half life of 6.? h 
11.35. -'lork is in pro;:.ress to meflsure this decny constant with prenter 
precision. 

'Ve would like to thank C •• 1. Borkowski for, help in the design 
and construction of the ~tssay equipment" 

',. ,-, 

(;) 
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135 135. Preparation of I .. Ie • eG. W. hrker, G. M. Hebert, J. W. l1uchg 

J6 Reed, P. M. Lantz), PA CXl~9r. 

IntroductionJ 

Much effort in preparation has been expended'toward conttnuini 
the work initiated by L. B1 Borst and others for the direct measurement 
ot the croas section of Xe 35 by crystal spectrometer. With renewed 
interest in the problem, a much larger number of peoplE' 'baa been co.., 
ordinated toward its 'comp1etion on a considerably larger scale than that 
attempted by B,·:>mt. The division of labor hos naturally allotted the 
radio-chemical separation of the required amOl.U'lt of xel)' from fission to 
this group in the' 7C\6...c (Hot-Laboratory) Building. (F'or a general intro'" 
duction see flonN .. 31l, P. 182) 0 See also ''Cross-Section ot Xe13S", S .• Freed 
et al .. , this reporto 

Scale 9f Qperations: 

In'the original .ork, the group working with Borst attempted 
chemical processing of only one unenriched slug; however, it 1s Wl1ikely 
that reproducable results could ever have been obtained with this limited 
amount of material. T.n a detailed ~rea t..ment t (Uemo, ~:!arch 15, 194?) 
Shapiro has recently outlined the limiting factors which may determine 
the required minimum ot mounted'Xenon with 8 pregeterm1ned area and'soat~ 
tering background. Some earlier decisions had set the generalop).1mW!l 
number of slugs (limited by the amount of cell wal~ shielding) at eix p 

presuming no enrichment and immediate (1/2 hr; co()ling) processing. Freed 
has shown (Mont~ .. .311) that if it were', poss,1ble to 'Process a larger number 
of slugs in the available space, several factors in quantity of Xe might 
be obtained with the same level of biological radiation hazard by allowing 
a 6,,7 hr. cooling period (one half-life of the Iodine Parent) of tmenriched 
slugs during which time the totzl gamma radiation decays to one-tenth ~hat 
observed after onlY oneDhalf hour out of the pile. By this reasoning it 
wOllld be possible to undertake separation from ten times' as many slugs and 
obtain a five·fold yield in Xen,on pr~uct. Howtlver, in order to handle 
any increased quantity of metal, above six slur.a, it would require a mueh 
more elaborate design of equipment involving extended procurement delays 
andse&rch for additional celi space.> 

By reducing the area of m()unting of the s1x.slug sample to a 
minimum (~-'O.0.3cm2) accomplished by use of the aentritugetechnique9 re­
.placing filtering, the maximum concentration of sample in the neutron beam 
is obtained~ 

Desien of' Cell and Fguipment (See Dr;lwtng) 

1. Cell Lined With Lead for Radiation Protection and Aid to Decon­
taminations 

The interior wall protecting the operat;ng faoe of the oel1 i. 
l.ined with 211 of lead affording a factor of 10 in reduction of radiation" 

. All other surfaces e~cept the ceiling are covered with 1- lead. No interior 
paint is used on the lead since it is readily decontaminated by acid washingo 

, . 
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20 ~lug Discharge Mechanism 

A special revolver~frlagazine type slug carrier is used ir. con·· .. 
junction with a bent-tube chute which oscillate. between two discha~ge 

.receivers (Decoating Vessels) for quick operation. An air brake stops 
the slugs before they are dropped into the baske~sq 

3. stainless .Steel Decoating Vessels 

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

4.. l!pom Manipulator 

It is apparent that only the most precise method ~f placing a 
heavy metal container (10#' Uranium and Hastelloy) in a fragile glass vessel 
would be deSired; therefore the scmewhat doubtful looking but well-tried 
methO(i of using a .weighted grappling hook on a nylon cable combined with 
a sw~ging boom under who8~ arc all ve~sels are centered is being used. 

5. AIL...(,!lass Fgu:ipment for Hel Process 

Three major glass vessels (22 liters, round bottom) are involved~ 
Two are a.dissolvers, and the third an oxidizing and distillation vessel~ 
The method of heatin~ this vessel requires six lpOOO watt drying lamps 
(not shown in the drawing)" A .fourth, small~r vessel, the distillate re .. 
ceiver and preci"pitation vessel, is designed with gold=metalllzed unlubri", 
cated joints to e~se no organic material to the iodine distillate. In 
this vessel PdC12 is added to the reduced iodine solution and the PdI2 pre~ 
clpitateda 

6" The Centrifyg' Assembly and Capillary 

The develo~ment of the centrifuge unit for packing a few milli~ 
grams of highly radioactive PdIZ (30 curies) into a 1",,2 mm glass capillary Jl 
mounted in a m.etal block (wafer) with its blank twin, drying it completely 
~d being capable of having the filter plug entirely removed and replaced 
with leak~proof, thin window nlugs is probably the most involved and mos~ 
im~ortant part of the process. Some of the remoteocontrol devices assoc~ 
iated with this phase have not yet been completed. Preliminary operation 
will be largely manual .. 

7~ Need for an Elaborate Ofr~as SYstem 

During the dissolving operation most of the 9~2 br. Xe in equili­
brium with the 6 0 7 hr. Iodine, after 24 brs .. pile bombardment and I=-2 bra. 
processing .time, and probably a large number of curies of other Xenons and . 
Kryptons of appropriate half-life will be e~elled from the hot solution 
with the l~rge quantity of Hydrogen evolved. It is proposed to keep all 
ve.ssels under slight negative pressure and considerable air .... flow in order 
to &jeep all active gases into the al~aline scrubber (4'" pyrex pipe) for 
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absorption of all acidic active and inactive constituents. HYQrogen and 
most of the noble gases must be e~elled. Since the normal cell venti. 
lation system is not convenient to shield, a special off~gas line. is used 
which is adequately shielded to the building roof. From this point it 
may be possible to eject this gas into one of the e~isting stack 11ne8~ 

XENON PROCESS 

Ot1I'LDll OF Tn!, LAPSE FOR PdI2 PREPARATION 

Fstimated Time Regu+red 
for Step 

1/2 ... 1 hro 

1/4-1/2 hru 

'} 
1 ... 174 hr. I 

1/2 0 3/4 hr. 
I 

1/,2.=3/4 hr. 

1/2=?3/4 hr .. 

1 ~ Procure Six Slugs 

Push slugs from pile center channel after 
20 ... 24 hra. e~osure. Load into multiple 
slug carrier and deliver to top of cell in 
706..c~ 

2~ Dissolve Aluminum Coats 

Load 3 slugs into each of two coating dis~ 
solvers, remove alUlllinum and wash" 

3~ Dissolve U in HCl 

Load and cap each dissolver' vessel; add 
Hel'and dissolve U (90%. ~omplete dissolution). 

4. Transfer OCl, and Oxidize with Fe~JJ.3 
and Li2Cr2«27~ 

Transfer UC14 slurry to reaction vessel and 
add Fe2(S04)3 and Li2Cr2~ to predetermined 
e.m.f. on Pt-Tungsten electrodes. UC14 is 
oxidized to U02C12> . Add, more F82(S04)3 for 
oxidation of l~ to 126 

5. Renux One-half Hour and Distill 12 

Start heating and reflux until most of the 
Iodine is held in the reflux condenser. 
Drain condenser and st~t, oollecting Iodine 
in distillate received while admitting ~ 

. to disti1late 0 . 

6. Reduce 12 wi th sq~ and Precipitate ..:Sl2 

Stop distillation and S02~ Start heating 
while agitating with air and cont1nlleuntil 
502 Is : expelled 0 Add, Pd/:a2 for precipitation 
of Pd!2" 



e 

-

e 

Total: 

3 1/4",5 brso 

3/4 ... i 1/4hrs. 

1/2",,1 hr. 

Total: 4 1/20 7 1/4 brso 

"Before Releasing Timeu" 

-70. 

(I-pnroximate Zerp T1me pf Tra12ping Xe PI .Pd;t2 
CrYstals) 

7. Centritu€e PdI2 and Rrx w1th 4nb;rdroue 
Splvents o 

Transfer the Pd!2 slurr,y to the prepared 
centrifuge and oapillary assembly and centri­
fuge out the solid Pd~2. Decant the aqueous 
supernatant and oentrifuge withaloohol and 
ether to remove water and HCl. The PdI2 
should be as nearly pure and .tree of water as 
possible and (1) should fill the capillary 
for even distribution across the beam of 
neutrons 0 

8. Dismantle Assembly; PlUg Capillary and J..oaq 
into Sh1eld o 

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

(1) Results to date on the drying and packing of the PdI2 into a uniform 
target have not been satisfactory. The precipitate has tended toward 
flocculenoe and has been impervous to ~low of drying solvents. After pro~ 
longed drying the solid also tends to.brink to a thread about 1/2 the 
eross~section of the capi11ar,y. More research is indicated o 
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(G. W. Parker,· 

L1 typical hot~laboratory design use ~ be made of dense clear 
liquids for shielding where water alone will not suffice and direct via ion 
is desirable .• 

This condition has often arisen in the 706 ... 0 Hot Laboratory but 
only recently has much use been ~ade'of even the most readily available 
heavy solutions or organic liquids. 

Some general information on denae liquids is available frolJl 
mineralogical applications to specific gravity measurements; however, in 
their liet (Table I from Bureau of Mines Tech. Paper No. 3S1) are many 
substances which for shielding are undesirable because of cost, toxiCity, 
corrOSion or even availabilityo 

Table I 

Heayx Li9uidsfor Mineralogical AnalY§i! 

Specific Gravity Heavy Liquid 
, Range . 

1.2....2.95 Acetylene Tetra bromide (solv. chloroform) 

2 0 95=3,,3 r Stannic Bromid~(~~lV: C 014) 

:'L5"'4~9 

409-5.,2 

Thallous FormateMMalonate (solv. Water) 

Eutectic of HgC12' SbC13 (Solv. Aniline followed 
by Alcohol) 

, In Table II a study of some readily available materials is re= 
ported including type of solution and approximate cost which is most im~ 
portent for large installations. Presently, us~ is made in this labora~ 
tory of ZnC12, ZnBr2 and Tetraebromethane (Acetylene Tetrabromide)~ 

\ 

1,/ 
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SOLUTION 

Bismuth 
Nitrate 

Calcium 
Chloride, 

Calcium 
Nitrate 

Beeurie,,-
Nitrate 

. 

Mecurous 
Nitrate 

Merourous 
Nitrate 

Zinc 
Chloride 

Zino 
Nitrate 

Zino 
Bromide 

-78-

TABU II 

Some Readily Available Dense Liquids 

SP. GR. OF r srJ}~A.TED RU1ARKS 
- ...... ..,. oJ". - ,,-& ."" ...... -
10 85 fl6 Dissolved in 2N HN03 

1.54 t.1 Cp chemieal not avallabl e, 
technical grade used, 

L64 t3 Solution crystallized 
overnight after weighing 

. 

1.86 ~28 ~O Solution 

1.61 t25 H20 solution was clear 
and colorless although 
crystals were yellow~ 
Crystals lost color on 
standin~ in solution~ 

1.79 (29 1N roW) solution ~ Solu'" 
tionwas colorless and 
yellow crystals did not 
cbanJte color on standing 

lQ94 t6 H20 solution~ 

r~o 7 -- I t5 1-- 11:10 solution. 

-

2.,' ~15 H20 solution" 
Approaches density of·ordi­
nary concrete o 

ORGAN IC LIQUIDS = NEXT PAGE. 
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Organic Sob''!~ 

- sotUT10~ _sp ___ GR. QfLJQUID . F'ST lJ.4ATH\ CO§1i.C;u.-.. -

Carbon Tetra .... Chlor:lde 1,59 fl~60 
-. . - ~.~ 

Perch1oro<:oe'thylene L62 tl"OO 

Tetrabrom-ethane 2,5'1 $73.,00 

-- .-
Trichloro ,..,et hy lene L47 $LOO 

III .- iIIl .... _ 

In Table III, is a summary of some radiation measurements thru 
glass Mend , two-foot long 'cylinders 6 inches in diameter irlserted in a 
two ""foot concrete barrier. The energy of the garema radiation is lmown 
only appro~i~ately ( 1 mev~)o -

Tahle IlIon nert page.> 



e 

e 

e 

-80-

TABLF III 

Shie4dtng Effect of Dense Liquids 

-'0 
4D ...... ..-. ~ 

Cf"\ . 
"..... N- '-'" 

".:i ~ -,a ~ Q -$l5,a \('\ 

-<! 1~ 1:t:g 4D ...:. ...... 

~ .... kllOlD ~~tIl 2l:~ ...t ~ ilD 
0) C/O J.o OM 'R'f.Q ~f~ ~1~ 

Q) tlO-

~~ -;~~ »~ 0) +» .. o 1:1 +' CD~ .:l~ ~~~ U I=> .... "'GIS t§" t" § .... CD ~ tIOCOU U.C> +' • ~ ~o~ ~~b ~~ t)O)CI) ~CI) oo,n ~ Ii C> 1!1~...:: 
l'~~- ~- 00- o:z: o:z;"'::; i>Q.!-

Water 1.0 jamm.ed 30 -... - --.. 70 48 65 
register (6) 

Zinc 
chloride L9 261 22 15.233 ·4.9 7 1 4 

(70f,) . (7) 

Tetra Brom~ethane 
(Acetylene . 2.9 46 19 1,728 0.,6 0.5·jt 0.5* D.5il 

tetra-Bromide) 

-. -
* Too small to read~ 

(I) 
(2) 

Average of two readings. 
BackgroUnd taken with slugs lowered well below the window. General 
activity level of cell and possible contamination on outside of cell 

(3) 
(4) 
(5) 
(6) 
(7) 

could give background. . 
One mrlbr/ assumed to equal .3100 counts/min" 
Reading taken from side of Cutie Pie "404~ 
Reading taken from end of Cutie Pie h415~ 
Victoreen with range of 200 mr/hr used. 
Vlctoreen with range ot 40 mr/hr used, 
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C14 trom BeaUi. Nitrld, (A .. J. Weinberger, J. A. Swartout) P. Ao Cl1",,10 

I" JntrOgpotlon: 

,The deoision to test the ~J.. - CrO) process (l)tor obta1n1ng 
C14 from B.~2 on a larger. scale was indicated in the report tor the pre .. 
vious quarter (MonN ... )70, PIs. 14 ... 16) on the basis ot a comparison of the 
three methods developed to-date. In addition" to an initial exper1ment 
at 'a tour-told greater scale than previously tested, work was continued 
on the ana17sis ot gas produced in the Bejf2 cans during iiTad1atlon. 

lI~ Present Status of the 82sg, ... CrO; .Processa 

It .. Equipment & The present equipment consists ~t a gas train 
similar to that used for the NaOH-~S04 ... erO) prooess ( lwlth modifioa­
tions as listed beloW .. 

~ , 

1.. The water bath used to heat the pot 11as replaoed by a 
oore type, nichrome element heater oontrolled by a variac. 

2" A hot CuO tube was placed in the inlet air system be, .. 
fore the Drierite....Ascarite tube to oxidize any organic vapors in the in­
coming airo 

) 6 It condenser was placed in the line at the top ot the 
pot to prevent the escape ot .ater~ 

4~ The sulfuric acid trap was removed for reasons dis~us8ed 
below Q 

B" Problems Arisingtrom Scaling-Up the Process 3 Several problems 
appeared when 4 gIIS. of 69 da1 Hanford irradiated Be)N2 was dissolved which 
were,not present in operation at 1/4 this scale o 

,1. It was necessary to control the additiqn ot H2S04,more 
closely since there was a tendency tor the solution to frothh 

. 29 The H200" trap, included to prevent water vapor fr01ll 
. reaching the Drierite~Ascar!te trap, was found to remove aotivity when kept 
cold 0 Two alternate solutions were apparent, (8) to remove the trap or (b) 
to leave it in the line and heat it.. Of these, the former was adopted for 
the initial e"IC]Jeriments.. However, experiments with the hot H2SO4 trap wUl 
be made to'establish the better'procedure. 

3.. A brass ionization chamber, Drierite protected, was used 
in conjunction with a Beckmann amplifier tof'ollow the evolution of aotivity 
trom the pot. This chamber became appreciably contaminated in the larger 
scale experiment.. The contamination was not removed upon long aeration o 

There are three possible methods for correcting this; (a) the chamber can 
be decontaminated after each experiment, (b) it can be gold plated, or (0) 
a CUO furnace can be introduced ahead ot the chamber. Decontamination is 
undesirable and will be done on1,. 'as a last re8ort~ Gold plating is only Ii 
possible solution, so will be tried only it introduction ot the bot CuO is 
inetfective ... 
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III" Wger Scale Operation ot the H2SO4 - erO. FrOCSS!: 

A run with 4 gila. of Argonne prepared, 69 d81' Hanford irradiated 
Be"N2 was made. AJ."Proximatel1 one ... half of the d~ssol'Ver solution was 
turned over to the Organic Chemistry Group for extraction of formic acid 
8S such, since the preliminary work oh this extraction was encouraging. 
The remainder of the solution was oxidized with Cr03J the C02' HeN, CH30H 
and HCOOH was therefore included in ons fraction. The analytical work 
on this e-xperfment has not been completed. 

It was in this e~eriment that the hold-up ot activity in the 
cold H2S0 L trap was discovered. Since hold-up may also have occurred in 
the preceding run and since the activity thus held waa recovered in this 
run, the apparent 'yield may turn out to be high. 

IV • Yields and Iso:t9Pic Abundances.,! 

The yields of C14 obtained from Be'3N2 b::,r different chemical ex"", 
tractiQt1)proceases have been detennined anB compared with the results of 
F'ries. \1 . 

His data for the yields of e14 obtained by the H2S04 ~ ero" procesf 
for different samples of BejN2 are given in Table I. 

Table I 

Yields ot C14 from .B.#3: H2SO4 - orOl.'" erO) Process 

Sample of Be3N2 Irradiation ~cC14/gm Be"N2 ~cC14/gm Be3N2/mo~ 

(a) Argon~e prepared ~ Hanford for 1 m0 4 

(b) Berkeley prepared. Hanford for 2 mo~ 
(0) Berkeley prepared~ Hanford for .3 mo. 

........ 84 
211 
,340 

,....84 
106 
113 

The Argonne preparation was 'irradiated in the Hanford pile at a 
position ot maximum flwc:. For comparison, it is assumed that this was also 
the case for the Berkeley material and that the Hanford ~ax1mum flux did 
not change appreciably during the irradiations,. 

The large increase ~ yield resulting from the increase in irradiation 
time trom one to two months is probably only apparent. It may result from 
dIfferences in the nItrogen content ot the impUl"e B~2 used since Argonne 
prepared Be,3H2 bas been shom here to cont~i.in onlY Be,;N2~ Nevertheless, 
a real increase ot several percent in yield of C14 p~r gram of BeJN2 per 
month on continued irradiAtion seems indicated.. Since there is no apparent 
basis for this, a yield of 113 uc of e14 per gm. of Be,3N2 per month will . 
be considered a maxiJl!um unless further work ver~.ties an increaseo 

For the Argonne preparation (Table I-(a» this laboraton" obtained 
79 uc e14 per gram Be~2 using the HaOH-H2S04 - erO" process .. {2} This 1s 
in good agreement "Itll the value of Fries considering the differences in 
chemical methods, equipment, seale ot operation and counting techniquaso 
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Additional comparison between the chemical ~etho~8 is offered b.f 
results ot e'Xtracting C14 from 1. gm. of Argonne prepared, 69 day Hanf'or<l 
irradiated 8e3N2 using both the NaOH"H2SO", -er03 and H2SO4 -Cr<l) procedures. 
Data for the former which were given in the last q'~erly report are in­
cluded in Table II as well for comparison. 

Table II 

Compariaon of Chemical Processes for Extracting C14 from BejN2 

Chemical Amount of I!c C14 C14 
Process Be1'2 Recovered __ .. C12 - 014 

__ QH~-Qn Fraction ~_OVeLall 
NaOH-H2S04" : 1 gm~ 104 ..,--- .. :;: - O .. OJ5 

erO) i06 0 .. 003 

H2so4-cr03(a) 1 gin" 73 .. 75 O,,013(b) 

Notes~ (a) Since this dissolver solution was given to the Organio Chem .. 
istr1" Group for extraotion of fo~io acid, a good yield figure and a value 
for isotopic abundanoe :In the other fractions could not be obtaineQ.o 1£ 
the amount in the HCN fraction which was not determined is as,mmed to be 
5%, the yield is 75 uc e14 per gram of Be)N2. . ' 

(b) The low isotopic abundance is disappointing. However, the 
Ba CO recovered on the disc weighed only 4.4 mg and contained 16 .. 5jUc C14 
whereds 39~c was recovered from the trap walls and the Ba (OH)2 filtrate. 
The isotopic abundance should, therefore, not be considered conclusive., . 
Normally a major portion of the activltyappeers on the disco 

V .. ' AnalYsis of Gas Produced in Be;ii2 Cans Dur:!ng Irradiation: 

A large amount or time was spent this period in setting up and 
testing gas analysis equipment. The eqldpment now i'lmctlons satisf'actorl17 
and· a chemical analysis of the eas can be made. Sample gas tubes contain­
ing approximately the same amOW'lt of air as in the gas in the Be3N2 can 
and small amounts of the suspected constituents of the gas have" beeIl made 
and found to be acceptable tor spectroscopic analysis. Sample tubes con­
taining the Be#2 gas will be prepared and analyzed spectroscopically I> 

A gas density analysis was made of the· Be3N2 gas. This analysis 
showed the average molecular weight of the gas to be leas th8n 2. Since 
the gas bad been diluted with a large amount ot air be~ause of a leaking 
stopcock, and since some of the pressure and volume measurements were rough, 
work "a8(n~t too exact. However, the results, in conjunction with other 
results 3, indicate that the gas is essentially hydrogen. 

VI" Ref'erences. 

(1) 

(2) 

(3) 

Fries, B.A., -The Recovery of e14 from Irradiated Beryllium Nitride". 
SC"'43, N!arcb 7, 19470 
Anthony, D.S" and Weinberger, A.J., "The Distribution and Specific Ac ... 
tivlty of e14 from Be)N2. at Part of ManN .. 311. :) 
nTests on Beryllium Nitride Slugs", memorandum from R. B. Briggs to 
M" C. Leverett,'November 11, 1946. 
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Exoerimental Use of c14 (W. G. Brown (to September 26), G.C. Bell, C. J. 
Collins, 0,. K. Neville, R. F. Nystrom, ~f~ J,- Skraba., A. R.., Van Dyken) - P.A. 
CX4-4 

Studies on th~ Synthesis of Organic Compounds containing Carbon-14 

Swmnaq 

The hydrogenation of carbon dioxide with lithium aluminum hydride 
. in diethyl carbltol has been shown to produce methanoL A method tor the 
i.solation of the methanol in 75% overall yield has been worked out. l~t 
is expected that the high pressure hydrogenation of carbon dioxide-C 4 to 
methanol-C14 will be replaced by this new convenient method .. 

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

Formic 'acid haa been produced in high yield by the'hydroeenati~n 
of a potassium carbonate-bicarbonate solution. The isolation of formic acid­
C14 from beryllium nitride slugs which have'been bombarded with neutrons 
is also under investigation~ 

Studies' are being conducted on the pre~ration of chemically pure 
barium carbonate-C14 prior to standardization of the various counting tech­
niques used for the detenninatior't of carbon-14", 

The synthesis ofo-phthalic aC~d-l;2-C~ trom acetylenedicarboxylic 
acid-2,3-C24 is under investigation. -

The rearrangement of 0(, c(~,dibromoacetophenone to mandelic acid 
is being studied with the aid of carbon-14. Carbonyl-labeled dibromoaceto­
phenone has been synthesized and allowed to rearrange to mandelic acid o 

Radioactive a~says are expected to determine whether a rearranp,a~ent of the 
side chain has occurred. 

The 'Synthesis of ~!ethanol and Sodium Cyanate (It.. F. Nystrom) 

Introduction 

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

The preparation ot sodium cyanate by the thermal decomposition of 
sodium urea is described" 

Exploration 

Sodium cyanate containing carbon-14 would be a valuable intermediate 
in the synthesis of organic compounds of interest to biolo~1sts. The proposed 
scheme of preparation is: 
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cUo +- NH ) Cl~.i{NH2 (I) 
2:3 "'-..ONH 

4 
(ammonium carbamate) 

14,- NH2 c=o 
.............. ONa,. 

< > H2NC14oNH2 <t Htl 

(urea) 

(2) 

J > H~lltoNH2 40 PIa' 
(3) liquid) H NCl 40NHNa 40 H2 

ammonia (:Odium urea) 

40 'H2NCl 40NHNa heat ) NaC14m J;. NH) 

(sodium cyanate) 

The first three steps take place in an overall yield of 79%, step 4 is a 
new reaction and the yield for this process is 97%" 

The isolation of ~thanol from LiA1H4-C02 reaction mixtures haa 
been accomplished, The equations for this procedure are: 

L 4 CO2 + .3 LiAlH4 ~ UA1(OCH,3)4 + 2 LiAl02 

2. ,3 LiAl{OCH3)4 .;. 4 n-C6HlfH 3 LiAl(OC6"13)4 .. 4 CH,30H 

In the latter reaction the more volatile alcohol, methanol, is removed by 
distillation 0 lIenee, the desired alcohol is obtained in anhydrous conditionQ 
It should be noted that this new process is simpler, more economical, and 
less dangerous t~lan the present catalytic method .. 

, Experimental 

Preparation of Sodium Urea~3) A 500 cc, three-necked flask was 
equipped with a dry-ice condenser and a mechanical stirrer. To a well­
agitated solution of ).1 mole (6 erams)of urea in 15~ cc of liquid ammonia, 
0 .. 1 gram atom' (2.3 gr~~s) Qf sodium was added in small portions o As the 
sodium was utilized the characteristic blue color of sodium dissolved in 
liquid ar.unonia disa,ppeared; After the reaction was complete the liquid 
ammonia was evaporated and the last traces of ammonia were removed by eva-
cuation. ' 

Thermal Decomposition of Sodium Urea. Slow heating. A 005 gram 
sample of sodium urea was placed in a flask which was connected to a mercury 
bubblero The flask was heated by an oil bath. At 1400 C a slow evolution 
of gas, which turned moist red litmus blue" was observed (pre'sumably a.mmonia). 

(1) Brooks and Audrieth, Inorg. Synthesis, II, 85 (1946) 
(2) Hendrichs, J. Am~ Ghem.Soc~, ~t 3088 (1930) 
(3) Jacobson, Ibid., j§, 1984 (1?J6) 
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At 1520 C the gas evolution became more vigorous. The temperature of the 
oil bath was gradually increased to 2050 C and held there until the decom­
position was complete, After the.flask cooled'to room temperature, 20 co 
of water and a solution of cobaltous chloride were added. A purple-blue 

. color appeared inmediately which is a positive, qualitat~ve test for cyanate 
ion(4)? . 

The quantitative determination of cyqnate.was carried out by 
decomposing O~38' gram t4~6 mIllimole) of sodium urea as described above. To 
the solution of the residue in 20 cc of water, 50.0 ml of 001 N silver ni­
tra~e were added. After a.few minutes the silVer cyanate precipitate was 
filtered off and washed several times with water. Then 5 ml of 1:1 n.itric 
~cid and 1 ml ,of indicator solution tsaturated solution of ferric ammonium 
sulfate in 1 N nitric acid) were added to the filtrate including the \~a~h­
ines. The excess silver nitrate was titrated with potassium thiocyanate 
solution. Hence, the yhlld of sodium c;,'anate determined in this manner was 
83%. . 

RaBid heating. The same techni~ue as mentioned above ~as employed 
with the exception that the flask containing the sodium urea was heated with 
a free flame for five minutes. Under. tt,lese conditions t.he yield of sodium 
cyanate was 97%. . 

Reduction of Carbon Dioxide bl Lithium Aluminum Hydride. Isolation 
of .methanol from an a.queous solution" A one liter, three~necked flask was 
equipped with a gas inlet tube, dropping funnel, mechanical stirrer, and a 
d:ry:ice ?ondenser. Two hundred co of ethyl ether, previously purified by 
distillation from a lithium aluminum hydride solution, were ad,ded to 0 ~ 129 
mole of LiAlH4 i~ 130 cc of ethero then carbon dio~d~, generated by adding 
3~ perchloric acid to 1.,992 grams of' barium carbonate;t was diluted with . 
nitrogen .and passed into the hydride solution. Four hours after the./iast . 
addition tht~ excess hydride was decomposed with 9,6 cc of water, /'nie ether 
was removed. at room temperature in vacuo and then 150 cc of lO'f.>sul.fur1c 
acid and 400. cc of water were added. Upon fractionat-ion tw,.o..-<lUO cc portions 
of distillate were collected" These fractions were combined and refrac·­
tionated with 008 cc of material being taken for anal;vsis,. On the basis of 
the weieht and freezing point of this material a ,0% yield of methanol was 
obtained, . 

Isolation of methanol bX an exchange reaction" A study was under­
taken' to determine if methanol added to a slieJ1t excess of LiAIH4 in methyl 
carbitol could be recovered. by the following reaction: 

LiAl(OCH3)4 ... 4 n,~C6Rl:PH ~ LiAl(OC6Hl3)4 ... 4 CH:PH 

The reagents for this experiment were d~ed and then fraction~ted< Five cc 
(:) ,.125 mole) of.methanol (bop" 64'020 C/750 mm)in 50 cc .of diethyl carbitol 
(b.p, 800 C/13 mm) were .added to 0.,041 moleo! LiA1H4 dissolved in 150 cc of. 
diethyl carhitoL N~xt, 50 grams of n-hexanol (b ,p 770 C/39 rom) were added, 

(4) Scattergood, lnorg. Synthesis, II, 89 (1946) 

o 
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The reaction r~ture was then heated with a Glas-col mantle and 4.5 cc of 
methanol were co11ectedo Hence, the recovery of methanol was 90~. 

In view of these results the reduction of carbon dio~ide b~ lithium 
aluminum hydride and subsenuent isolation of methanol was carried out. A 
one 1itp.r, one-necked flask was equipped with a gas inlet and a gas outlet 
tube J The former was attached to a carbon dioxid. generator and the latter 
to a trap at _800 , ascarite tube, drierite tube, and bubbler, respectively. 
Dr~' carbon dioxide, diluted with nitrogen and generated by adding 30% per­
chloric acid to 0.06 mole of barium carbonate, was passed through a solution 
of 30g grams of LiA1H4 In50J cc of diethyl carbitol (b~PQ SOo C/13 mm). 
The time required for the addition was sixty minute8~ Ten minutes aft~r 
the last addition the ascar~te tube was reweighed and it was found that 2~ 
~t the carbon dioxide escaped from the reduction m.ixture~ Next, 100 cc ,ot 
n-hexano1 (bopo 770 C/39 mm) was added dropwise while the flask was cooled 
externally with ice-water. The reaction mixture was then heated and L (~ cc 
of methanol boiling at 650 C (uncorr,,)'were obtained. This correspClnds to 
a 75% yield" 

It is believed that the-yield of methanol can be increased by 
modifying both the apparatus and techniqueQ Further work will be done al~ng 
these lines. 

C14 Labeled Formate Preparation (G. c. Bel1l 

, Na2C03' NaHC03, K~03' KHCO) and BaCO) have been utilized as 
starting materials for the synt.hesis of their respective f'ol"'lll8.tes by hydro­
genation in dilute aqueous solution over catalysts at moderate temperatures. 
Best results have been obtained by hydrogenation of a K2CO)-KHOO3 mixture 
obtained by absorbing C02 in 1 N(KOH using palladium black as a catalyst 
with 100 atmospheres "2 at 700 C 1). 92% ot the theoretical HCOOK has been 
obtained after twenty-tour hours hydrogenation" An appreciable amount (5-
10%) of the C02 generated is unabsorbed in 1 N KOH, and must be precipitated 
as BaC03. An apparatus has b~en constructed, proViding for agitation of 
the C02-KOH solution to -facilitate absorption of the C02. 

Hydrogenation at 1000 C o~ a 5% suspension of BaCO) was attempted 
using palladi~ black as a catalyst. A 22% :,rield of (HCOO)2Ba was obtained? 
The unrea.cted BaC03 can be recovered c ':~ork is in progrecs to improve -the 
yield. 

Sodium Fonnate-C14 from Beryllium Nitride (Go C. Be111 

Previous work(2) has shown that oxidizable tractions of C14 activity 
inrluced in powdered beryllium nitride by neutron bombar~ent have possessed 
appreciable formic acid, 

The residue from ~2S04 dissolution of 1 gram of Be3N2 powder(3) was 
transferred to a nask, saturated with },(g504' and placed on a steam distil= 
lation apparatus, the steam being generated from boiling 001 N NaOH. The 

(1) Melville, J~chele and Keller, Jo BioI. Chem~, §2J 419 (1947) 
(2)Yankwich, P. E., BC-36l' february, 1947 
(3) Cohn, Anthony and Weinberger, !.~on N-311, 1947 
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vapors off the acid solution were condensed in an Allihn condenser and the 
condensate returned to the HaOH solution. The rate of· boiling for each 
solution was adjusted so that the NaOH solution diminished in volume only , 
slightly over a six hour boiling period. The solutions were allowed to 
cool to room temperature, and a fresh 001 N NaOH solution was put in place. 
Three such runs were made. At the end of the third cycle, the acid residue 
was removed, its volume was recorded, and the residue was bottled. 

The NaOH-HCl400Na solution was oxidized in the pot with a chromic­
sulfuric acid ~xture, and the ionization.current of the evolved c1402 was 
detennined with a Beekman micro-ammet.er. The cl402 was then absorbed in 
NaOH solution and diluted to 100 ml. The acid residue was of such a volume 
that 6nly one-third the total volume could be added to the pot at, o~e time o 

, Aliquots of each cycle were taken and the BaCl403 was precipitated 
in the usual manner, weighed and counted, . 

The followi:.r:lg results were obtained: 

Clcle 

1 
2 
3 

Acid Residue 

r- C14 as &C1403 

2,,03 

Total 

.58 
2,89 
4<13 -9,6 

It is possible tha' some material' containing C14(COtC02J 'CHjDH, 
HCOOH) was lost by volatilization through the condenser. It is planned to 
modify the condenser to effect complete recovery of C14~ Further work 
on these organic fractions is indicated.' 

Analytical methods for l-carbon compounds have been investigated. 
Permanganate oxidation, calomel reduction and colorimetry methods have 
proved satisfactory for semi-micro analysisu Colorimetric analysis has 
shown that 10 ~ formaldehyde can be est~ted visibly by use of chromo­
tropic acid. t4) nork is now in progress on spectrophotometric analysis 
of formic acide 

Tracer Studies in the Rearransement ofct,OC-Dlbromoacetophenone to 
!tandelic Acid (00 K., Neville < , 

The mechanism o:fthe reaction ofoC, o(-dibromoacetophenone with 
aqueous alkali to give mandelic acid is being studied with the aid of 
carbon-14. The results of this investigation may be compnred with those 
previously obtained in the phenylglyoxal reaction, in w1ich conversion to 
mandelic acid ha~ been shown to occur without rearrangement of the carbon 
skeleton 0 The carbonyl-labeled acetophenone previousl~' prepared was 
brominated in the presence of light to give ~, G(-dibromoacetophenone • 

(4) Feigl~ F.~ ~ualitative Analysis by spot Tests, 397 (1946) 
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This, when treated with 10$ aqueous NeOn, was converted to mandelic acid. 
The determination of the specific activities of the benzoic acid and 
carbon dioxide fractions fro~ the chromic acid cxidation of mandeliC acid 
will show whether rearrangement. of the carbon chain has occurred. 

to'ollowing is a brief descript.:i.on of ttre experimental work which 
has been completed" 

, To 1.2.g of acetophenone dissolved in 1.5 m1 of carbon disulfide, 
was slowly added 3.2 g of bromine under strong illumination from a photo­
flood lamp; ~tter the absorption of bromine'waa complete, the solut.ion was 
frozen in a dry ice-acet.one bath until crystallization occurred. The 
product was recrystallized once from a carbon disulfide petroleum ether 
solut.ion and washed by decantation twice with pet.roleum ether" The yield 
of«, Q( -dibromoacetophenone was 2.55 g or 9L~ . . 

To this product was added 15 ml of lor HaOH and the reaction mix­
ture .was allowed to stand at room temperature with stirring overnight, The 
slightly brown solution was extractedt.wice with chloroform and neu~ralized 
with HeI., The mandelic acid was precipitated as cadmium' mandelate, which 
was washed with ether and dried. The yield of .cadmium mandelate was 1.81 g 
or an overall yield of 87~5%. 

Preparation of Pure &c14o.3 and Standardization 

ot Counting Techniques (~. J. Skraba) 

Considerable discrepanc~.r exists among the solid and gaseous counting 
methods employed at Clinton laboratories for the determination ofcarbon.14: 
Following are prel~:dnary data in chart for.m showinr, the anomalous values 
obtainedc The numbers are arbitrary but show exact relations among the' 
results by the different counting methods: 

(!fethod A) ('tethod B) 
100 113 

BaC03 NaOH , NaHC03 BaCl2; BaC03 

Sample I lacid . lacid 
CO2 CO2 
141 146 

(~.fethod C) (net.hod C) 

(Method A) (~tethod B) 
100 91 

BaC03 • ~aOH ., NaHC03 ,BaC12) BaCC?3 

Sample II L acid . 1 acid . 

CO2 CO2 
111· 109 

(Method C) (~fethod C) 
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The methode consist of.: method A - packing dry barium carbonate-C14 in 
an aluminum well and counting through an absorber in a r.dea. window counter; 
method B - precipitating barium carbonate-C14 from solution, collecting 
the precipitate on a sintered porcelain disk and counting in a mica window 
counter; method C - generating carbon dioxide-C14 from bRrium carbonate-C14, 
sweeping the gas into a chamber and measurin~ the ionization current by 
means at a' dyn&i.:ic condenser electrometer. 

Various samples of barium carbonate-C14 have been analYl!.ed for 
carbonate contento The method' consisted in acid deoomposition of the barium 
carbonate-C14 followed by a direct wei.ghing of the carbon dioxide evolved 
in a. gas weighing bottle. The results indicate that these samples have 
contained from l8~98% of theoretical carbonate. 

The pmrpose of-the present research is to prepare chemical~y pure 
barium carbonate-C14 containing approximately 100 millicuries of radioaotive 
carbon". The material w'ill then be used as a standard material for calibrating 
the solid and gaseous counting methods. 

Hodel experiments with inaotive bariWll carbonate have been con­
ducted to determine the optimum conditions for precipitation of 'barium car­
bonatein chemically pure rom. Barium carbonate samples (500-600 mg) have 
been decomposed with 5 ~,~ perehloric acid and the evolved carbon dioxide has 
been swept through a dry ice trap and frozen in' liquid nitrogen prior to 

. introduction into barium hydroxide solutions of varying concentrations. 
The precipitated barium carbonate has been analyzed spectrographically and 
.chemi.cally. 

Preliminary results indicate that satisfactory preci~itation of 
barium carbonate occurs from dilute barium hydroxide solution Q Traces of 
impurities~ such as copper and iron~ may be excluded by the use of care­
fully prepared distilled water and cher:tically .. pure bArium hydroxide., Other 
factors I such as aging of the precipitate and the effect of heat and pH 
on the precipitation, are under investir,ation, , 

C14 !!et.hanol 

The procedure for preparation of Met.hanol has changed in that 
carbon dioxide-C14 is now directly hydrogenated to methanol instead of silver 
carbonate-C14 as previously reported. The yields·have increased to gO-83~" 

The Slnthesis of Cl4 La~led Compounds(C .. J. Collins) 
Derivat.ives of benzene labeled in the nucleus 

Introduction 

The synthesiS of benzene derivatives containing carbon~14 in 
specific nuclear positions has been undertaken~ The prospective s:mtheses 
involve the following steps: 

1, The conversion of cl402 to HC14 = CH by the action of.cl 402 on 
barium metal followed by aqueous decomnosition of the barium 
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carbide...a1.4 (1) ~ 

2. The conversion of acetylene-CU to p£epiolic acid-2,3-C~ or 
to acetylene dicarboxylic acid-2,3-C2 by the action of 
one or two moles of carbon dioxide on acetylene-Grignard(2). 

3'0 The "Diene Reaction" betwe~n the acet:vlene-C14 acid and a 
conjugated diene to yield an adduct which may be converted 
to a benzene derivative labeled in the ring with carbon-14. 
The first such synthesis attempted will be the preparation 
at' o-phthalic acid (VI, It ::: H) labeled as shown by asterisks., 
This sYnthesis ~ill involve the aifition of aoetylene dicar­
boxylic acid d~ethyl ester-',3-C2 (I, R = CR3) to.either 
cyc10bexadiene (III) or 1,2-dihydrophthalic acid (IV) followed 
by th~l decanposition of the adduct to a-phthalic ester-
1,2-C2 (VI, R :: H).~ 

( 00::: 
II III 

CH2 
IV 

~COOR I I 
. COOR 

(tom o com if' 
. t 

, *·COOR , COOR 

V VI CH2 VII 

CR COOR , 
II 
CM COOH 

CH2::CR2 

VIII IX 

The reaction between acetylene dicarboxylic acid diethyl ester (I) 
and butadiene (~I) has been reported to yield the di~thyl ester of' 3,6- ()' 
dihydro-o-phthalic acid (V) in les8 than 50% yield 0) • Alder and Rickert 4 
state that I and l,3=cyclohexadiene (III), yield VI with the evolution of 
ethylene (IX). This reaction probably proceeds through the intermediate 
adduct VIle These same authors state that I·and 1,2-dihydro-o-phthalic acid 
(IV) produce maleic acid (VIII) and phthalic ester (VI) in unspecified yields. 

(1) Arrol and Glascock, Nature, !i2, 810 (1947) 
(2) Jozltsch, J. Russ. Phys. Chem. Soc., J!J:, 242-44 (1902); Grigna rd , Lapayre 

and Tcheau Fski, Compto Rendv, 187, 517 (1928); Oddo, Gazz~ chim. italc, 
~, 429 (1904); ibid, ~, 625 (19(8)' , 

(3) Alder and Backendort, Ber., ·71B, 2199 (1938) 
(4) Alder and Rickert, Anno, ~24, 180 (1936) 
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Discussion of ResUlts 

An apparatus has been constructedlfor the preparation ot acetylene 
dlcarhoxylic acid-2,3-C~ starting with BaC 403• . 

Cyclohexadiene (III) has been prepared by conventional procedures, 
starting with cyc10hexanol (X), dehydration with phosphoric acid to eyc10hexene 
(XI), treatment with N-bramosuccinimide to yield 3-bromocyclohexene (XII), 
and dehydrohalogenation with quinoline to produce III. . 

OH 

o ) o -~~ OBr~O 
XII 

, 
XI III 

Acetylene dicarboxylic acid has been prepared(5}, converted to its 
dimethyl ester (I) and allowed to interact with cyclohexadiene (III)" A 
slll8.11 yj,eld of material which may be phthalic acid (VI, R :. H) was obtained. 
At present work is being directed toward imprOving the yield and purity of 
this product¢ . . 

The procedure of Baeyer(6), and of Neville(7) and of Pasquinelli(S) 
has been followed for the preparation of 192-~dro~o-phthalic acid (IV). 

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

Experiment a'}. 

C c10hexadiene III. Cyc1ohexanol (X) (81.5 gms) was converted to 
cyc10hexene (XI (47.3 gms boiling 82°; 7805% yield) by the method of Dehn 
and Jackson (9) • Next, 60 co cyclohexene and 21 ginS N-bromosuccinimide were 
heated under reflux twenty-five minutes(lO). The succinimide was collected 
on a filter, and the filtrate was distilled, yielding 9.58 gInS 3-bromocyc1o­
hexene (XII) (50-55% yield based on N-bromosuccinimide). This material was 
redistilled, and th'e fraction, boiling at 50-520 at 1-2 nun, was collected 
(3~9 gms). The 1,3-cyclohexadiene was obtained by heating a mixture of 
freshly distilled quinoline (10 co) and 3Q9 co XII in an oil bath at 180°, 
The colorless cyclohe:xadiene slowly distilled from the mixture (2 cc obta5.ned). 

Acetylene Dicarboxyl1c Acid (I. R : H)o Fumaric acid (67 gms) 
was converted to O{,~=dibromosuccinic acid(ll) and subsequently acetylene 
dicarboxy1ic acid(~)o 

(5) Org, Synthesis, Colli Vol. II, p. 10 
(6) Baeyer, Ann" 269, 145 (1892) 
(7) ~evilleJ J. Ch~ Soc.~ 89, 1743~1748 (1906) 
(8) Pasquinelli, Anales 3. SOC~ quim. argentina, 11, 181 (1943) 
(9) Dehn and Jackson, J. A:n. Chem. Soc~, ~, 4285l1933); Org" Synthesis, 

ColI. Vol. II, p. 152 
(10) Ziegler et aI, Ann" ill, 80-119 (1942) 
(11) Org. Synthesis, ColI., VoL III, p. 177 
(12) Orgo SynthesiS, ColL Vol. II, po 10 

, ' 
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AcetYlene Dicarbo lic Acid Dimeth 1. Ester I R = !,Ie. Acetylene­
dicarboX71ic acid 3.64 ~s). was heated under reflux for eight hours with 
100 cc methanol containing 100 cc aeetyl chloride~ The mixture was then 

, concentrated end desiccated several days. Yield, 3.90 grams. 

1,2-Dihydrophthalie Acid (IV}. Twenty grams of o-phthali.c acid, 
19.7 gm2 tused. sodium acetate and 200, cc H~ were cooled to 140 C. The 
mixture was stirred vigorously ~ To this mixture was added 400 gms 3% 
sodium amalgam and 60 cc 50% aqueous acetic acid. These re8lents were 
added in one-tenth aliquot portions at a time. ~ben hydroeen was no longer 
evolved the next portions were added. When all of the sod~um amalgam and 
acetie aeid had been added the mi:.lc.ture was sti.rred an additional twenty 
m.inutes, Md the mercury was drawn off in a separatory funnele Next·, 200 cc 
20% sulfuric aci.d was added. After standing three hours the white cr;'!stals 
were collected on a filter and crystallized from water Yi~lding 8e) grams 
of white needles melting at 210-2110 C (corrected). The identity of this 
material as trana-l,2-dihydro=0=phthalic acid has not yet been established. -

Diane Reaction Between. Acet lene Dicarbo lie Acid Dimeth lEster 
I R = Me and C ·lohexadieneIII. Acetylene dicarboxylic acid dimethyl 

ester I, R = Ue 1,,0 cc and 1000 co III heated under reflux on steam 
bath twelve hours o The mixture was then allowed to stand six days and the 
excess cyelohexadiene was removed by distillationo The residue was then 
heated to 1800 for two hours and 10 cc acetic acid and /00 cc concentrat.ed 
hydrochloric acid were added and the mixture was heated.unner reflux one hour. 
The mixture was poured into excess water, filtered and desiccated overnight, 
Yield, 1,,20 gms dark material melting below 1000 C over a 150 range~ This 
matertal was insolub~e in water, soluble in benzene, dioxane, acetic acid, 
and aqueous sodium hydroxide~ When precipitated by arlditlon of acid to the 
sodium salt, a dark brown material melting between 1450 and 1600 C was ob­
tained. 'All attef:lptS to obtain a crystalline material were Iln.ouocessful ~ 
The use of 'an alumina chromatograph was also unsuccessfuL F\lrther attempts 
with milder conditions of reaction are indicated. 

Phenanthrene-2=C14(13) 

It was previously. reported that model experiments for the syn;" 
thesis of phenanthrene-9-C.L4 had b,een worked out. Phenanthrene-9-CI4 has 
now been synthesized at twq levels of activity: ' 

1. 72~5. milligrams of phenanthrene-9-C14 containing 10.78 
mlilicuries carbon,,:,,14 per mole. The activities of the 
barium carbonate-C14 starting material and 9-rl~orene­
carboxylic acid-lO~C14 intenledinte are respectively 
11.65 and lL62 inil11curies per mole. 

2. Approximately 70 milligra';j,s of phenanthrene-9-C14 contain­
ing approximately 1 millicnrie of carbon-14 has been 
preY'ared. 

(13) For previous Vlork see Hon N-3l1, p" 9 
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Fairly extensive'lltucti.es dunDg the past quarter on the· distl.·ibu­
tion ot Af1!'lon between aqueou8 electrolyte solution and solid. TlCl has 
shown that the coprec1pitatlon observed in. this case resulted from an ad­
sorption mechanism. Since the object of this study ha.8 been to investigate 
the bebavior ot systems wherein solid solution formation was responsible' 
tor Itcarrying", further efforts with (Ag ... Tl)CI have btMm discontinued .. 

Jleasurements of the distribution of Br- ion between aqueous 1 tf 
lf8Cl solutions and solid AgCI have com.inuedo lluch effort has been spent 
to refine the procedures so as to obtain at:l experime:nt.al accuracy to Ydthin 
005%0 This limiting accuracy appears to be set by the statistics of the 
activity measurem.ent~ which have been .made throughout with a high-pressure, 
Areon-rUled gamma ionization chambero The great importance of temperature 
control to Within! 1° Was re1larked ·upon previously.. Further, attention 
must be given to the purification of all reagents emplo~d.. Particular 
care must be exercised in the preparation of t.he 34 h si-B2 t.racer to insure 
that a known amount ot inactive brondde carrier be presento In connection 
vdth ~s last point it has been found that the value of D,. the distribution 
coef.i'icient, depends on the mole traction of bram.tde in the AgCl even down ' 
to the lowest concentrations attainable.. Thus, values of D tor 0, 50, 100, 
200 and 500 gamma. ot added Br"" were found to be: 1,30 .. 6, 131 .. 9, 1)2 .. 5, 134.), 
and 13.3 .. 3, reapective;ly. This variation is consistent \'lith the formation 
ot either a. llregularn or a non-ideal solid solution of AgBr in AgCl", 

Ion-Exchse Separations: c Theories of Adsorption Column Performanpe (s. 
Eo Ro 'l!anpldIlB$ Go E. Boyd 

llayer, 

Lo Ao Matheson, among others, baa pointed out that the breakthrough 
curve was the integral. of the elution curve. On that basis, an expression 
for the former in tems of the plate theory may be ,,,ritten as: 

where 
t: 

0-::: 

cleo = 0.5000 +'l/cr Y ~)f" ite -
t2

/2 dt 

yP (F - Kd
8

) • 

[Kd(l,+ K~}]' , 

, t Q 
[pKd(l ~ Kd} ; 

c :: concentration of the solute in the effluent; Co = concentration of 
solute in the influent; p:: number ot plates in the column; F :: number of 
free-volumes of liquid passed through the exchanger bed; and Kd. = distribu­
tion ratio of solute in the exchanger to solute in the solution in aqy 
portion of the bedo . 
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Ion-Exchan e Se tions: Purification ot the Rare Eartha (D .. H. Harris, 
E .. R. Tompkins and G. E. Boyd P.A .. CX3-5 

Effort duri1lt~ the quarter now cornpleted has bean directed in t.he 
main towards'L11provin,; the ion-exchntlf~e soparation of the ,uddlegroup rare, 
earths~ Incll.ldine Sr ... ad, Tb, Dy and Y. Owinr. to the rt'.latiV'ely laree 
abundance of yttriuo in the naturally occurinr, llU,xtures of these elenents. 
the probl.em of Ute separation was in many respocts the :nost difficult yet 
undertaken.. The heavier earths including tu, YC, Tm and Er may be separated 
in good Pllrity as ,was demonst.rated in L!onC-:36l (ct .. Er-l)o A repetition of 
this last experit.lent. (l!;r-2) sho\ved the 8ar:te excellent resolution ot the heavy 
earths, but no, or, at best, only a very poor, separation of 110, Dy, Tb and 
Cd. Two additional experim.ents (Er-J and Er0-4) contil"llled this. An upflow 
,elution Vias employed :in Kr-3. 

Hore recently, ho"ever, a satisfactory resolution has been cwpletod 
,ot a crude rare uarth mixture (Er-5) on a considerably larger scale than with 
previous separations of this 'ldnd.. The starting material. was 31 .. 3 goo or a 
partially concentrated yttrium. earth traction resulting from Na~04 and 
K4Fe(CN)6 precipitations or a com~ercial yttrium oxide. The sulphate pre­
cipitation was used to eliMinate all the ceriu.cr-terbium earths (except for 
a trace or Tb) and the t'errocyanide served to reduce the yttrium content .. 
In spite o,r this latter, the anal:ttical results showed as Inuch as 7fJ/, of 

. the preparation to consist of yttriumo Judeing by the appearance of t.he 
elution curve obt,ained in the ion-exchange separation of this mixture, the 
exchaneer bod was overloaded \'lith yttrium by three or four-fold. By virtue 
of the very 10\'1 tlow rate (0.025 to 0 .. 05 em/min) employed, an unusually high 
rare earth concentration was observed in the effll1ent solutions.. For ex.alaple, 
the yttriwll gave a plateau at a concentration level of 205 g. Y2~/1lt.er .. 
Roughly a5)) of the Y was collected at this concentration" i'ihen tfiis solution 
was evaporateci, yttrium citrate crystallized out.. A solubility or about 308 
g/l (as Y2OJ) was determined. . 

. 
The approximate cOl:1position of the initial rare earth mixturo was 

reconstructed from. the results aCClIllullatedoo The data ot the rollowing tahle 
serve to illustrate the cO~llPosition of the t:"pe of concentrs.te obtainable 
using the chemical ,method described .. 

A"proxi::late COi.1position of )i;r-5 ~arths 

LU2D,) 2-3% 
Yh2D:3 12-13 
'nn203 1-2 
~r2~ 4-5 
H02'?3 2-3 
DY20J 5-10 
Y2.o'J' -70 

None ot the earths was obtained pure, although fractions suitnble for a final 
purification were ottainedo All of the earths, excer->ting the dysprosium, Viera 
free ot yttrium. The yttrium contained no other earth thnn Dy (and possibly 
a trace ot Tb) as shown b;r a taint yellow tinge in the Y20:3 preparation" 
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Two add1tional yt.triUlll earth separations are in progress. One 
(Er-6) is being conducted as was Er-5 aing the same bed or exChanger and 
a starting mixtura presumably high in Dy. A companion fractionation (EJ'b'7) , 
'Which is closely sjmllar to EI:"-6, is being carried. out USing a smaUar bed. 
and SocliWll citrate at apt:: .3000 as elutriant. o Incomplete results on 
this latter have revealed. that t.he 8odiwu. coprec1p1tated extensively with 
the rare earth oxalates which are precipitated. from the effluent solutions,. 
This may render the use ot sodium citrate impractical. ' 

An attesnpt to separate a Sm-Od. mixture haa been comploted (Sm-l) 
since· a material. balance of over 97% has been reached.. No separation was 
observed in this p1"'8lirni.na.r experiment which employed. a pH of .3020 arld a 
tlow rate ot 0005 cuVmino Ev1dent1y, the lowered. flow rate waa insufficient 
to compensate for the increased. rate of movement or rare earth through the 
bed resulting from the increased pHo 

'-be separation and. puri.ticat.1on of co. .. 15 g ot scandiun trom. 
thortveitite has continued", Also, small seale operations have' accumulated 
considerable amounts ot worked-over earths, both in. the yttrium. and in 
the terbium groups.. Thes.e are beine produced. taster than they can be 
purified with the iOD-.exchange .columns presently available .. 

Radiochemistry ot Ele:,lEmt 43 (E. Eo t.latta, <;.. V 0 Larson and G. Eo Bol!d) 
/ P .. A .. CX4-j 

The following table serves to SWllITIarize Som.a ot the infonnation 
on the radloisotoJ?13s of element 43 accu,"l1ulated both within and outside the 
pro.lect during recent months .. 

Halt-Ute 

52 m 

52 ! .3 d. 

4 .. 2 d 

88d* 
157 

6 .. 0 h* 
·9 .. 4xl,oS '7 

20. 

15 m 

Radiations 

j,f .. 2.5· 
K 
'f· 2 .. 84 

It 
;t 0 .. 25 & 0 .. 84 

K 
t8 -0- = 0064 

r:: 0 .. 92 

·1.'1'.,e-/O.097 

'r. 1 .. '1'.,0- 001.36 
,11- 0,,)2 

Ii - 1 .. 3 
l' 00.3 

lIass Comments' 

(94) Mo(p.,n) , 

(95)· Previously known 
60 d acti ~t;y 

96 . Uo(p,n); Uo( d,n} 
Cb( a,n) 

97 Previously kno\'&l 
. 90 d activity' 

99 

(100) Tc(n,r); Rh(n,ac) 

. '101 Previously known 
14 m activit,. -
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'!'he characterization and mass assignment at a nwnber of isot.opes 
which maY' occur in fission either through chain decay or by 1dd.ependent. 
formation has been aided greatly recently by the availability of the calutron 
enriched isotopes of stable molybdellWllo These preparations are being irradiated 
with 20-22 Mev deuterons at the 6o-inch c)'Clotron at Berkeley through the kind 
assistance and cooperation of Dr .. J .. Go ltamUtono Thus'tar, three molybdenum 
targets have been irradiated, and the previously'known 4, 60, and 90 d periods 
have been produced in good. yields.. The one irradiation of 14097 has indicated 
that our previous assignment of the 90 d activity to maes 97 was probably 
correct" 

A determination of the halt-lite and energy at the beta radiations 
emitted b;; the long-a wd ele:nent 43 isotope produced by the PJ"Olonged exposure 
ot raolybdenum. metal to pile neutrons has been carried out.. Measurements of the 
specific activity lvere conducted as follows: Atter extensive purification bl 
meana of chemical and. ion-exchange techniques to remove an ini ti81 rh~3ni1.ll1 and 
molybdenum contamination, about 100 microgram amounts of Tc metal were electro­
plated on polished copper disCS, which then were weighed 'on a semi-micro balance 
and countedo Uncertainties as to, counting et~iciency. s~ttering, etc. were 
minimized by el,ectroplatlng a standardized. Co 0 preparatl.on which was counted 
under identical' conditionso '!be best average value for the hAlf-life of the Tc 
activity obtained thus far has been 904 x 105 yearso A careful cOlnpari99n of the 
aluminwu absorption curves for the beta radiations of the To and the Co60 acti­
vities sho\ved the former to possess an enercy alightly in excess of that for the 
latter (i.eo, 0.31 Uev) in agreement vl1th the Feo.ther extrapolated range-ener.r.,y 
detel"ninationo 

Several attempts to prepare and characterize TclOO by neutrcn irradiation 
of a purified saI:l.ple of rc99 were made. A series of short irra.diations has indi­
cated that the halt-life or this isotope is probably 11388 than 20 minutes in agree­
m.ent with the recent cyclotron observations made by Glendenin (M-3866) 7 26)" 

Irradiation of the enhanced Mo isotopes with pile neutrons has confirmee 
the assignments of the 67 h and the 15 m periods to masses,99'and 101, respectivelyo 
Irradiation of Mo92 has Biven prelwnary indication of a molybdenum activity of 
several hours half-periodo ' 

Chemistry of .Technetium (i:;;. V~ Larson, Eo Eo !,tott~ and Go Eo Boyd) P"AoCX4-3) 

The extraction of pile produced ele<uent 43 from thirty cans of molybdenum 
metal powder which had been' irradiated for one year has· cQ(IIlJencedo The ,first ca." 
195 g aliquot gave a yield of 0039 me of T099, a value slightly less than was ,­
expected.. As.in preVious extractions J an appreciable a':lOUllt of the 90' h ~el86 was 
present in the first distillates as a radiocheaica~ i:lpurity.. It was observed,ll 
however, that the R~ was distinctly more volatUe than '1.'c20" so that some puri­
fication \VQS effected even in the first sulfuric acid d:).stlllation step.. Rhenium 
conta.rn1riation was removed exhaustively from Tc by the use o.f anion exchange column 

techniques 0 f,arlier studies (UonN-243) had shown technetiw:l to undergo anionic 
exchange from dUute h:ydrochloric acid solutions when the anion exctw.neer" Amberlite 
m-4, was employed.. Further detenninations during the past quarter of the equili­
brium distribution coeffiCients, Kel, for both tracer Tc and Re initially present 
in 001 N He:! gav~ values ot 1200 and 590, respectivelY9 The ratio of these values,ll' 
2003, showed. that a colwun separation could be effected", Accordingly, a bed ot 
140/170 mesh IR-4, sa em. x 100 cm.2, was prepared.. A mixture of Re and Tc activities 
Yfas theQ adsorbe<i and differentially eluted using 0 .. 1 N ftCl and a flow rat-e of 0,,5 
1fJl/sq/ClD/rrd:p.,. The rhenium appeared first in the afnuer¢ as was expectod, and ~ . 
~ce1lent s,mmetrlc peak of activity was observed.. However, contrary to expecta-. 

. ', 
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tiona, the element 43 activity was eluted in a broad diffuse peak much later 
than the rhenium... ,The consequence ot this behavior was that. although a good 
separation of the Re and Tc was achieved, it was possible to realize only a 
So;C recovery of the Tc activity.. Conceivably this behavior resulted. from the 
reduction of the heptavalent oxidation atate of the Teo 

Lon -lived Fission Product Rare Earth P~dioisoto es (D. Ho Harris, E. R. 
Tompkins and G. E. Boyd P.A. CX4-3 

Observations on what may be a new long-lived fission product rare 
earth isotope have continued during the past periodd Presently, this 
activity which was collected in the tail fractions of the yttrium peak 
during an ion.exchange separation of a fission product sample has shown a 
decay of approximately 420 d. Its radiations appear to consist of sott 

'electrons (~ :: 0.23' !..(ev) , a ,soft gamma of roughly Oul nev (:>,,:3 g Pb/Sq cm) 
and a harder gamma of 0.5 ~.fev (l •. 2 g Pb/sq em). The position of the ac­
tivitypeak in the ion-exchange column effluent supports the assignment to 
Tb16l. However, the pos~ibility of its being Eu155 has not been excluded. 

qeneral Radiochemist~: HeayY Rare Earth l~dioisotopes (B. H. Ketelle and 
G. Eo Boyd) 

In the previous quarterly report Non N-370) were summarized the 
half-life values for two erbium. isotopes and preliminary results from the 
study of these activities witt~ the beta ray spectrometer. The completed 
study is reported jn the following abstract, . 

"Two erbium activities were produced in ion-exchange{l) separated 
erbium, by rt,( reactions, and were studied with beta ray spectroCleter and 
coincidence teChniques. (1) A 9,4': 0,,2 d,IJ-: emitter has been found. It 
erni ts no garnma rays and has a. beta ray end point of ° e :3:3 !; 0 0 0 1 ~!ev, (2) 
A 7.5 ~ 0.2 hjJ- emitter has aaso been found. It has three alternate modes 

, ot/i- de.cay. 7l! 'Jt of the betas have an energy of LO? ! O~03 ~fev and 
are followed by two g&runas of Ou305 ! 00010 and 0.113 ! 00005 !~ev in cascade. 
The ')Ql13 ~{ev ganuna ray is highly converted and has a half,=Ute of 2~5/:,sec 
(McGowan and DeBenedetti). 6! 1% of the betas. have an energy of 1049 ~ 0.05 
~!ev and decay di'rectly to t.he ground state of Tm~, 22~ of the betas have an 
energy of 0067 :t 0.03 !!ev and are tollowed by a 0.805 :! 0 ,025 '~ev gamma. 

From the disintefration energies it appears thAt the 7 .. 5 h period 
should be assigned to Erl7 and the 9.4 d period to Er169. 

A T.m activity of 500 ! 100 d was shown to grow from the activated 
Er samples; this is probably TIn17l daughter of 7*5 h Er17l. tt 

On the basis ot the fact that an erbium samnle decayed almost to 
the background of the mica window counter, Tm17l was reoorted to have a half­
life of about 170 '1 (!{on N=370)~ Aluminum absorption curves taken on very 
thin mica window tubes indicated that a soft radiation might be present in 
thulium activity separated from neutron activated erbium. A numb~r of samples 
of thulium obtained from erbium banbardments and from thulium banbard~ents 
VJere measured on the vibrating reed eleetraneter and on the Simpson propor­
tional beta counter. These measurements showed the presence ot a large amount 
of sort radiation from the thulium obtained from erbium bomba~dmentso This. 
radiation decays with the above reported half-life of· 500 ! 100 d and appears 

(1) B. H~ Kete1le and G'u E .. Boyd, J ~ Am. Chern. SOCL, Novenber 1947 
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to be of the order of 100 kev)f-. It is .absent in neutron activated thulium. 

~.{easurements of old samrles 01' erbium from which thuliwn had been 
separated showed that this 80ft. activity was also present, though it could 
not be efficiently measured through mica window tubes. 

Further study is in proflress to definitely indicate the genetic 
relationship of .the erbium and thulium activities. 
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Hard r.amma ~e3.surements (If. ;10 Levy, !ilo' 1!. F'eldman) 

A metho~ similar to that at S. AernsteinCi) !or'counting ~ 
of enerp;y preater than 202 !.!ev, has been developed. The apparatus i5 
comoosed of a cylindrical tank 16" high and 16 11 in diameter filled with 
DiJ'. The tank has a 3/4" well on top and a slot hal! way down the 8io.e 
which contains a ura.nium fission Chamber 6 ft in diwneter6 A long test 
tube i.nsorted in the '.vel1 will rest, upon t.he upper aurface of the slot~ 
The, fission chrunber differs from previously used fission chambers oniy 
in bei ng lar~er in area and in having a substantially heavier depo sit 
of U235 on its m.edian pl.~t"" It is hoped that this chamber with a on" 
mg U235 per cm2 deposit will be more sensitive as a neutron delecto~Q 

'~'hen a sample inserted in a test tube throuJ!h the top well 
emits a. h~,rd ~ a ( ~ ,n) re~ction ~'ly occuri 

(l) 102 ~ d >oNl ~ lHl 

followed by- moderation of the neut,ro~ in the heavy water nno finally a 
fission in the ch:-JJnber. 

(2) U235 .. n :-~!Ji23~7 ~ fission 

The fission pulse is fed to a preampljfier~ an Al amplifier(2~ and is 
counted on a se.'1.1e of 1024. This countin;r equipr:lent allows tor accurate 
pulse heip,ht selection. . 

Since the cross section for production of reaction(l) by t~ 
above 2.2 Mev is kryown only in one case ~.nd since the efficiency dependence 
on the constants of our anparatll5 was not known 1!nd not easily deterl'lli­
nable~f a comparison method was used. This method consisted in(tbe use 
of Na"'4 as a standard. The decay scheme of :la2.4 is .vell known 3) and' 
it is known there is ona l.. 7 ~Jev 0 per disinte17ration hnd no other l! 
above 2.2 }Jev. 

Manr;anese 

A hard t of enere::r greater than 2.2 ~,'ev has been found in the 
radiations from 2.6 hr Mn56. Its ener~y has been deter~ned as 2.7 Mev(4)~ 
This is in ar,reement with previously known decay energies(S) it it is 
.8 crossover l{ G . 

A s~ple of Mn56 and a s~p19 of Nai4 produced in'the Clinton 
. Pile were compared for absolute disintegration r~te in the calibrated high 
press,ure ioni'Z;,.tion chamber of Clark and lwnw<l.ltl6 ) and then compared 

(lls~ Bernstein. P..erort U EonP-172, 9/24/46. 
(2}P. R. Bell. Report u. MonP-323, 7/28/47. 
(3)Elliot, Deutsch and Roberts, PhfS. nev.,~, 99 (1942)0 
(4)'lfattenburg, Ph;vs • .&!!. 71, 497 19471 
(5)Blliot t: Deutsch. Phys" ~o .2J., 321, (1~43) 
(6)Clark PI. ZU!'1lWalt. To be published shortly us an eta. report • 
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in our heavy water .tlmk setupo It was found that the efficiency ot 
the ~ from the Na24 for giving neutron counts in our appardtus was 
006 x 10-7 per disintegration. Then, the total number of disintep,rations 
beinfI, known for the !.fn56, and the number of neutrons counted in our 
apparatus being. known, the 0.6 x 10-7 factor was used to determine the 
factor. 

Number of 2,,7 ~!ev 11 from lln56 
Total number of disinte~rations of Un56 

It was found that the ?5 occurred in o23~ oftha disintep'rations~ The t 
did come from Un56 disintef"rations as '·"I'as sho\\'Jl bY' the half life c11rve 
DiP.'.' Y and the fact' th .... ~t· it or1 dnntad in a sample of ~.~n irr;!di ated 
'in the pile. 

Radium 

An attempt has been made to duplicate t,he experiment in the cnse 
of Ra and its descendents. Definite evidence was found for hard ~ 
emission in a series of ra.dium samples purchased from the Radium Corpo­
ration of Americ8Q See Table I. This table renresents counts made on 
different days Oli a series of radium sources. It is obvious that the 
inconslstencies are greater than statistical fl!.l.ctuations would wr:.rrant. 
On the other hand no trend is discernible except that the lirhter 
sa~ples gave hip,her countsoThis mipht be explained on the basis of 
the ff:uicrophonic chllracter" ot the counting arrangement(.2). Or, it 
mi~ht be attributed to impurities. The presence of Th:.:>rium C in the 
samples as a likely impurity would account for some hi.g:h counts" 

HO;'Yever, t "'erE" seems no doubt that a hard lS is present. and 
has resulted in neutron counts from radium lind its descendents.. If we 
t::..ke all the va lues tor t he counts from the radium sample MSA 154 
(10 mg Ra) ~. some In.ter counts, the aver8/?e result is: 

37.0 ± 2.6 /counts per 100 sec/per 10 mg Ra 

~ro abl'lolute frA.ctional value can be as sir-ned tG these hard t becat1.se 
they are not senarab1e ns to enerpy Hnd eff'j c1ency it there are two or 
more occ;urring -,'lith ener~ies p,reater than 202 ('ev. .\ccordinp to various 
workers~ 7), the ~ emission goes no hip,her than 202 Vev. Some rtus;;ian . 
workers(8), however, find the.t there are at least t.vo 5 f s Lactually emitted 
by RaC7, one ot 2 .. 2 and one ot 2.4 lJev and! the extent of these two is 
10.9~of all d emitted in the series. . 

If we atte:npt to ascertain an ahsolute number of hard (f per 
decay, we are unable to do so because no absolute r:1eaS~lreMent can be 
made in Ollr :lppi.;.r[ltus; there is no way of distint;uishing the two·lf;!, 
postulated and there is no reliable co.moarison d emitter as there was 
for Hn56. -

(7)R. Do Evans, .T. Ind. Hye. Tox.) ~, 2.66 (1943) /!.ives a review of 
. these results. 

(8)Alichanov and Latyschev, Jour. Phys. USSR.z, l63 (1940) 
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Sample No o 

21620 . 
21619 
l!SA 154 

MSA 149 

C1-0 
Hart 

21619 
21620 ' 
MSA 154 
}I~SA. 149 
C1-0 
Hart 
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Table I 

Total Noo 
Size of Sam 1& ~eutro: Counts C/100 ~c/lO ~. Ra 

1072 lUg 328 54.8 
.P.97 67 8209 

4.87 297 46.2 (Sealed by 

10 

23.35 
48.2 

639 

984 
2173 

--I 

41.0 

4001 
36.2 

, ,897 . ! 625-' 197 
1072 i 67; I 74.8 
4.87 ! 1028 4905 

Radiwn Corp. 
2-18-44) 
(Sealed 
2-11-44) 

..i 

LO ! 1030 I 3508 
2) .. 35 ~ 1046 _ I 39.3 , 
48.2 UOO - _I 41.2 ! 

-'---~-- . _. 
21619 
C1-C I .. 23:W·' ~~ -1=-= ~.3_ ... j 

. 1 

21620 1072 1050 6506 1 
Hart 4802 4997 35Q6 I 
!:!SA 154 4.87 1792 42.0 j 

,_ J 

I 1952 MSA 154 
C1-0 
Hart.­
MSA 154 

! 2057 I 
1-. I 2672 i 

"art i 2344 : C~i : MS~ 149 I 

4087 
23.35 
48.2 
4.87 

MSA 154 

4S.2 
23 .. 35 
10 

4087 

4130 
4197 
4566 
8590 

51.0 
38.1 
40.1 
5300 

39 .. 1 
3906 
40.7 
59.1 
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An approxim.'lt.ioncan be :narle" nowev8; tf \18 use the 10-7 
factor determined for Iia,24 1n our anOHl'nt.us. "!e elln assume that the 
efficiency factor for the '202 a.nd 2:4 ~~ev t found by Alichanov would 
be the srune in our anparatus as a. 2~7 'lev' • Thls is a' " 
rea.sonable assumption as shown by the relat.ive flatness of the cUJ"V'ea 
of nreit and Condon(9) who calcuuited the cross section of 0 tor the 
( is tn) reaction as a fllnction' of the (merry ot the IS.. It will at 
least pive inforJ:tat,10n of t he correct order of mar.nitude •. 

Since the Ra C;'19sule was sealed in 1944, the seri 88 mambe" 
are' in equilibrium tnrouf1h Ct and C". So, if Rae is the descendent 
that is emittinr, the hard 6, it is ~ ra 8"llJ.illbrium with the p.'lrent. 

'1.'hen, l1sinlr the efficiency fa.ctor lCr'7 and [:laking the assumnti­
ons described·in the nrevioua paragraph, the number of hard ~ per Rae 
decomposition, when in eqllil1brium with 10 mg of fta, is obtained frwn 
thesed~.\ta: The 10' me Ra source, set.:ed in 11 f!ns tirht capsule gave 
J7 neu.tran counts per 100 sec and must therefore have had .17 X 107 
hard !S' emissions per sec.. . Since the numbQr ot di sintegrations in 10 mg 
Ra is 10 x 3.7 x 107/sec» -the fraction in which a hard d occurred is 
1/1000 

Other Substances 

Similar attc~llpts to find hard If in other subet<lnces· gave the 
followine results. 

Substances 
b II 

C060 , 
t~8tllral K 
537 

Spent lb"! tube 

Pu 
C1J4 
Au 
Sbl24 
Ga72 

~'ro. ~feutl"on Counts 

None 
None 

Sli~htly above back­
around 

Sl~~ht1y above back­
jrround 
None 

. ~Jone 
, None 
~Jone 

~bove backrround 

Srunple Siz~ or \ctivjty 

5rd. 
Iron 
IR* 

10 tubes 

1 .. 4 me 
1 R 
6 R 
4 R 
6 R 

It was our intention to obtain a series of t! emitters which 
had enerp,ies from 2.2 to about 5 Mev so that an exnerimentr,ll dete:rJ'l'J.nation 
of the sha~e of th~ cross section curve for corr~arison with the ' 
theoretical CUrv'8S of (is ,n) cross section in the cnse of deuterium could 
be made.. This would ~ive definite information as to the shnpe nnd de!>th 
of' the !)Otentill1 well as well as t~rpe of forces in the deuterium nuclsus" 

~9)Breit and Condon" Phy;so Rev", !:fl, 904 (1936) . 
*The R vi-.Iues are Roentt:ensTh'r. at 10 em measured throup,h .2 ram 11.1 .. 10 cm 
air ... 1 .. 5 em bakelite.. ' 
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So tar, a suitable series ot nctj vUles has not beF'n tound. 
But there ns.e ~eral hard ~ emit.ters [Ot tn:i rl~r short life as is to 
be expecte,gr in fission proriucts and an attenpt to identity these 
will be JII,'\de. It they prove useable, then the above prop;ram ot 
experiments will become possible. 

Selenium 81 Mass ,\ssir:nment (fl. 11.. I.evy. I!. T'. Feldman) 

\' 

Tbe 57 m Sa activity has been assigned tentatjve~v to mass 79 
or 81(1)(2). Theoretical-considr ~atlons indicate the masl 81 as the 
Itlore probable ot the two.. !-1888 yield curves in uranium filsion indicnte 
this activity 1s 81. In addltlon Bohr-·'.'hecler calcul<.ttions indicate 
Se79 should be 10rilr.-l1ved<:3). 

Since stable isotopes of Selenium, enr:! chad respectively in 
Se78 and se80 were available to us, an experi~nt to determine the 
correct mass assienment was planned. Samples of stable isotopes Se78 and 
Se80 were irr-cidiated in the Clintori Pile and the res'.llting actiYities 
studied by' means of a stundard Gei~er-Uuller thin window counter.. It 
was expected that one of the.two samples would yiYe the characteristic 
57m activity with P energy at 195 Mev. . 

~ctually, both samples pave only the 57 m 105 Mev beta actlvity. 
(See Fi~ires 1, 2, ), 4 for half life and rBdiation charActeristics). 
This, of course, is due to the tact t.hat t"e enr~ch;nent 1s· not. perfect; 

!towever, the 57 m 1.5 !.!ev speCific activit~ resultim~ from 
irrndiation of AeBO wtl.S "bout .200 times ~ren.ter than t.hat res1llting 
~mS~. . . 

It is concluded from this ratio ot hctivities that the correct 
m.1.SS assip,nment is 81.. .Uso, the additional conclllsion is possible tt,at 
the 5e79 acti.vity is either v9!"1 short or veG" lonE': compared to 57 m, 
with the latter MOre probable\3J. 

~(iJSnell~ A. H.. Ph:t~.~. 52, 10Cll (1937) 
(Z-)Seaborg, Go. T. a.nd I. Perlman - Be-59 
(3)"?ay, K .. - Private communication 

.. 
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Gpemistrz of Ruthenium: (M. D. Silverman, J ~ A .. Swarto~t) 

I~ Introduction: 

Experimental ,;ork on the fundamental chemistrY of ruthenium, 
ini tiall,y reported in MonN .. 370, is being continued. In general t 
emphasis is now being placed upon a stud7 of the higher valence states 
(VI,. VII and VIII) 0 Included in this work are the preparation of pure 
compounds and their identification and characterization b7 spectroc 

photometry. 

II. Preparati9Jl and Characterization of Ruthenates and Perruthenate£p 

. Considerable difficulty was encountered in the preparattori 9f 
pure ~Ru04 and K Ru04 according to the directions in the' literature. \1»2) 
These salts contain water of crystallization and are very b7groscoplc .• 
Both are crystallized from a strongly alkaline media b.1 evaporation under 
vacuo. In preliminary experiments pure salts were not obtained in either 
case o However, what appeared to be a pure ruthenate was obtained in the 
fon of the barium salt, Da RuO./... This 'was prepared in the following 
-manner~ RuCl~ was heated with dilute H2S04 until the distillate no longer 
gave a test fOr chloride. KUhO./.. was added and the mixture heated on a 
water bath. The cl'7stals of Ru04 which distilled over were collected in 
an lce-cooled receiver. A saturated solution of Ba (OH)2 was added to 
the tetroxide- and a fine red crystalline precipitate of 5a RuO was ob- , 
tained~ This precipitate was filtered, washed with distilled ft20 and drled 
over Drierite" Prelimin8T7 results 'from an X .. ray diffraction determination 
indicated that the compound might be isomorphous with Sa Mo04 or ~aW04. 
The composition of Ba Ru04 is being cheeked by a barium anal7Sis and the 
density of the salt is being determined. Subsequent experiments indicated 
that it was lDlneeessary to eliminate chloride ion in the preparation 01' 
Ba Ru04; RuGl) is oxidiZed directly with H2S04 and KlrJ!i04~ The Ru04 formed, 
although containing some Hel, reacts readily to form the insoluble Ba Ru040 

1110 §eectrophotometric Data: 

Prev60us ~ork had shown the existence of an absorption peak for 
Ru0l..:: at 46504\' ,The curve obtained for a 0 .• 0002M solution of RuO",.!! in 
0~5M KOa is shown as Curve A on Figure I, which is a plot of optioal density 
108(,: tJ"AntmiIll1ll1oB> versus wave length. A solution of pure Ru04 in H20 
was prepared by the first method given above and its absorption spectrum 
was determined with a Beckmann spectrophotometer •. The results are plotted 
as Curve B" Two absorption fleaks in the near ultra;,ovioJ,,,t appear to be 
present for Bu(VIII), a primary (or higher) one at3l5ol'~ and a secondary 
peak at 3850A'" Curve C wa.s obtained for a solution of Sa RuO./.. in 0 ~ 05N 
Hel; the formation of this dark greenisp-colored solution is ascribed to 
the form~tlon of perruthenate, Ru0

4
"'J as a. result of the following dis ... 

proportionation: " 
. Ru04 S;. H·I:, ,. Ru04'''' + Ru02 J ' 

The perruthenate ion 1s unstable and also disproportionates; 

Ru04= • > RuO", 1 ~ Ru~J 
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The green color of the solution disappears with time at a rate which 1s 
accelerated by heating and black Ru<l2 precipitates trom solution. The , 
tetro~ide which is formed 1s eas11y identified b,y its characteristic osone~ 
like odor. These resul. ts will be further checked and extinction eoerr1c1(~nts 
determined for'RU04::' Ru04- and hu04 solutions. 

IV" rz"0ay' 

Future work will inclllde the det8J"lllinatlon 'or the reversibility 
of the RuDAs , RUOA- qstem (potentiometric titration) for 8.tt1n1 up aD 
F..M.I. cell to ob'ain thermodynamic data. 

other -:thods of preparing a pure perruthenatea"'. being 1nveet.,1 ... 
gated .. 

"1" References. 

"l!> Debrq and Jolyj) ·Compt. Rendu" 106, 1494 (lRM). 

20 Krausso Zo 'Anorg,. Chem .. ~, 301 (1924)" 

'" 



~ ..... ~ 
,: ... 
l
.
~
 

C\~ 
C1i. 

~
 

~
 

.c 
~
 

.... 
~
 

d'-' 
~
 
~
 

~
 

.. 
f 

. ", ~ 
~
.
 

~
 

q
' 

-I 
~ 

k :.'\ 
!a.. 

,-' 
::\ 

'-.) 

" S-I' • ~
 ~ d-.t' 

" 
c:jt' 

~
 

~
 i u ~
 \.. ~
 

"> 

"
'
.
-
~
-
-

-
.... -

; . 

J / 
I 

s 

L ~I 
~-.-'~~ .... -.--.. -~.--.. 

~
 

~
 

"
"
-
-
'
 .. --
~
 
~
 

• 



-
D .. 

e 

e 

-100-

DeO"!Poai t1 an ot ~e flater tJ.n.der Pile Rutatl_ 

streot ot state or ~rega~~OA of water and _'-rial of oODttJJ:&er. 
By repeated cU:attlfdlon in ~a .{J:loa .. watOr ot .peaKo OOiiIUO'H;t"1 
3:10-7 inbo/om 'WaS obta1De4. St)8oi1I8D8 ot 'w.. _ter 18 •• alad tUied sl11ca 
ampoules were 1n'adiatecl in Hoie 1Z, &8 wate .. at 2800. &Nt .. 1_ at' -UOoC 
(ampoules packed 1n dry lce).. After irradiation .. tne ampoulea were opened 
and the water analyaed tor dissolved gases and peroxide. The water ampoules 
were practioally full ot water. with negligible vapor spaoe, the 10e ' 
ampoules,. about 2/3 full.. Results are given in Table 1 in terms of micro­
moles ot product per kilogram at water present .. 

r 

I 

Table 1 -
Decomposit1on ot Pure L1q~d Water and Ioe 

In S11ioa Ampoules Under Clinton Pile Radiation 

Sta.te 

Ice 

Liquid 

lrradn<o 
Time 

2 miD. 
II 

30'm1no 
1 hour 

II 

1 hour 

" 
22 hours 

'It 

Product Concentrations, ...u~ 
'12 . I 0z ; HZ02 102 
-I I 1-

SeS 1.1 6.4 0.5 
13.2 0015 I 18.4 ,101 

33 .. 1 -
196. ' 15. 1OZ.. 10" 

111. 

24 .. 2 
28,,3 

3770 
333. 

5 .. 1 
S-.7 

145,. 
120. 

1906 
10.8 

1160 
152. 

008 
505 
5" 

,3 .. 
--... __ "-- ... r , " 

!he ~n1tial rate of decomposition of ice is less than tor aqu.eoua 
solutions (see prenous quarterly reports), but the back reaotion in ice 1s 
much les8 pronounceQ than in l1qu1d water .. so that much nlGrEt deoomposition 
1s 1'olmd in the ice after an hourvs exposureo 

Reproducibility md material balance are poor 1D a.ll oaseso 
Since the water is carefully purified, these bad ettects are to be asoribed 
to'the action of' the material of the containing '98ssel.. It is noteworthy 
that the erfeota are 'as bad in ice as in liquid'water .. ,Since radiation 
activation ooours throughout the material. and the aotive moleoules or 
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radicals oannot be supposed to migrate read.i l.y' through th~ ice to reaoh 
the wall" the perturbing il'l1tn.n-l ty mWlt be distribu.ted throughout the body 
of the water in the torm of colloidal partioles or motes. 1'he photo­
ohemioal deoampod tion of ¥rogen peroz:1de in aqueous solution' in glass 
vessels has been shown by ssver&,1 investigators to be greatly 1nfluenoed 
by the presence of motes", wh10h oone out ot the glass-.l1s. 

It was tho~t tha.t silica ampoules might be replaced by 
aluminum oontainers, if' the,metal were su1tably treated 80 that it would 
give little reaotion with watero Tests were made in whioh rods ot 
aluminum. treated in varlous !ftLls" were sealed witbwater'ln a1l1oa 
ampoules. three metal rods. 3/16" in diameter and. about 2" long .. were 
sealed with a few 00 of water in eaoh ampoule.. Anodized Al yielded in 6 
clays only 3 mioromoles of hydrogen per liter of waterJ .A1 boiled in 
diStilled 1'IIlter' gave 40-60 m1oromoles J Al treated with HH0'.3 gave muoh 
more 0 (In Pyrex ampouleS,. more hydrogen was alwa.ys evolved than in silloa .. ) 
The oorrosion resistanoe of ei,ther the anodized or boiled Al was thw; 
furly satistaetory.. On irradiation, however, the aluminum was found to 
give eonsiderably nore radiation deoomposition ot water than ooourred in its 
absence.. Thus in 2 hours' irradlati,on " , 59'1 and 94'1 )AM ~drogen were 
tormed in the presenoe 01' anodized, AI. and 1130 cd 123"0 JAY: wi th boiled A1D 
together with oomparable &.mOWlts of o~gen and peroxide., 'Il 1s" therefore" 
a worse surtace than' glass for stUdy at radiation effects in water.. ' 

Other materials andsurfaoe treatnents are being invsstlgatedtl 

're!irature etfeets.. XO determine the effeot of temperature on 
the steady"'s ate 1ewl or produots in water deoompos1 tionp a small furnace 
was placed in Hole 12.. Temperature of the turnaoe" measured by .. thermo­
cou.ple oODnected to a Brown reoordiDg controller" was maintained within 10 

o,t 8IlY de8ired value. Water was irradiated in the furnace in ampoules of 
the "'direot-reading It type. in'whioh the pressure of gas over the water 1s . 
determined wi t\lout opening the ampoule~ by means of a boiling .. pcint measure­
ment.. The ampoule was kept at one temperature until a steady value of the 
pressure was reaohed. as shown by suooessive pressure readings giving, little 
change, then the temperature was changed and held at the new value until a 
new steady-state pressure was attainedo 

The . pressure history of the ampoules is shown in Figure 10 
Ampoule "Alt had been irradiated above the 1."urnaoe at about S60Cs and had 
atta1ned a pressure or about an atmosphore 0 On being plaoed in the furnace 
at 1l00 C" the pressure dropped to about 6 om and remained constant Ji except 
tor a ,continual rise of about 0.05 om per day which was presumably due to 
ageing of the' walls.. Ampoule ,ItS" '" introduced later than "A".!l attained a 
steady state at 2.6 em.. When the temperature was 1.noreaaed. to 1500 00 the 
pressure in nAn dropped to 4 em and in "B" to 2,,0 emo Th&.t~ the temperature . 
was dropped. to 420 and th~ pressure rose markedly, to 31.,6 em in "A." and 
19 em in "B"" Althoue;h the pres'sures attained in the two ampoules are dit­
ferent as usual4> aring to adventitious impurities!, the temperature effeot 
on the two was s1m:1.laro Thus high temperature promot(ts the baok reaetion 
and reduooii vater deoomposition by radiation.. The result 18 of' interest in 
oonnection with proposed use of' high-pressure high-temperature water­
mod.erated reactors tor power production ... 
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An attempt was made to verity tha temporature etfect by expos­
ing sealed ampoules" full of. water" far various timea at di,ttenmt 
temperatures" then deternd.n1ng the amount of deoomposition by analysis" 
rhe resulta~'W8re inconclusive. because of. the usual irreproducibiUty~ 

It could be argued that the increase 1n back-reaction rate at 
. higher tamperatures in the clirect"'reading ampoules was not occurring in 
'.the water at all" but rather in the gas phase., Such gas phase reactions 
are unlikely to be 1mportant~ since the gas absorbs very' little energy 
oompared to the liquid.. Moreover" the temperature coefficient or the 
H2-0Z reaction prodUced by' alpha rays i8 not very great (Und) ..How­
eV8r" a test of' the rate of baok reaot! on in the gaB phase was thought 
desirable. Ampoules, connected to a manifold by narrow oapillarles" were 
filled with electrolytic HZ-O! mixture" the capillaries are plugged with 
ice by freezing a emaIl drop of _tel" 1n each one. the man1told flushed 
with air., and the ampoules sealed off above the ice plugo The amount 01' 
water in each ampoule was so 8mall that it oompletely vaporizecl at .room 
temperature 0 Untortunately~ exact results were"not obtaineci. g 8ino8 the 
initial pressure in any aer18& ot ampoules was 1tot e:l:aotly the same 
(probably because the 10e plugs WE?re not quite tight).. Of s1x ampoules" 
e;Epoaeci in the pile tor 20 or 56 hours at 1100 or 1500 Co 1'1ve shov."d no 
signifioant drop in pressure; the sixth cent.ined no g8.S, probably because 
ot an accidental explosion.. It may be fairly concluded that ,reaction in ' 
the gas phaae is not an important factor in fixing the steady-state level 
in water deoomposition .. 

Decomposition ot ~'a.ter in Solutions Under Pile Radiatlon 

The existence ot a real steady-state pressure over 1 N H2S04 
. solutions was demonstrated by approaching the steady state from both aides.o 

A number ot ampoules" SO,< full of 1 N H2S04D had been kBpt tor a long time 
in Hole 12 at "Position -3" (24" bel;'" the center plane of the pile)" Some 
ot t.hese were opened and analysed ... and showed a partial pressure of 25 a~ 
ot hydrogen.. rha remaiDd .. were put back in the pl1e for a waele in the 
more active "Position ... 1" (Sft below center) surrounded with 3/4 ft ot lead" 
which by reducing the intensity' ot gamma radiation tends to raise ste8.dy- . 
state pressUres in the pile.. Two of' these ampoules were opened and analy~edf 
and showed hydrogen pressures or around 29 atm... 'fhe rema1niuc ampoules were 
replaoed in "P08itlOA -aft tor two weks .. and on opeD1'D& agaa ahowel hydrogen 
pres.ures of 25 atm. 'lh18 18 oonsiderably lowr thaD the pre.8unJ of 45 atmit 
which had. 'Previously been toU1'ld on long exposures in Position -1. and whioh 
appeared to be still lncre .. i!ICo Since the pre'V1oua .&8U1'omeutS. the plla 
loadiDg baa 'beeD chaDged. &lid it may, be that the oharacter ot the radiation 
has changed ill the d1rect1on of le&dint to lower, 8tea4y-atate pressureee> 

A o'lmprehen8ift study ot the k1netiolS or rea.ot1ons occurring in 
ohloride solutions 1s plalmedo' With sutf'1oient solute preseDt" reproducible 
results oan be obtalned. sinoe the ettects ot the solute .1OJ18 overwhelm 
those ot the "motes" or other adventitious impurities.. Chloride i8 ohosen 
in prehrence to 8ZI¥ other 801ute because its possible reaotions are 
relatively simple. ginng 80_ hope ot detailed Interpre;t;,ati= ot the.roao ... 
tlon .ll8chan1sml1 and the water decampos1 tion i8 not BO rumal t1'1'9 to 1 till 
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i'»rssence as to the presence ot bromide or iodideg so that reasOnab~ 
high. concentrations of Chlor1de may be used without suppressing back­
react10n entirely.. Beoause of the pronotmoed effeot of brom1de" the 
chloride solutions must be as tree as possible from bromide impurity. 
Some potassium ohloride has been purified by repeated ohlorination and 
recrystalllzation, and apparatus for deaerat1Dg the 80lutiQnS and seal­
ing them in an atmosphere or pUre hellwn haS been set up .. 

Mon! taring the Radiations in Hole l~ 

Enere;y is imparted in two< ways to material plaoed in a pile-­
absorption of g8.l1lmB. rays. and moderation of <fast neutrons. To understand 
the chemical reactiona occurrlngll it is essential to lalow how much energy 
is beine given to the· material in each or these W818 .. · The theory ot tho 
pi ]·e does not give an exaot accoWlt of' e1 thaI' the gamma-ray intensity or 
the tut neutron spectrwn at e.n.y partioular point in the pilaf!' It i8 11 

therefore, desirable to measure these quantities at the same point at Whioh 
ohemical experiments are. oonduoted. < 

The total energy abscrbed by a < material 0&11 be rraasurecl oalor1-
~etrioally. A measuremao.t of this k1nd wa& mentionecl in a previous report~ 
but the result is not believed to be wry reliable because of numerous 
possible souroes of erraro Calorimetry in the pile is diffioult beoause 
not only the material of interest but alBo the calori!ll8ter wallsII' thermo­
oouplesj) etc,,!, evolve heat at di.fterent rates" so that temperature gradients 
are' all abnormalo Alsop the oalorimeter must be made entIrely of nateriala 
which do not decompose badly under pile rad1ation9 Considerable time i& 
being. spent on designing fA oalorimeter that will give rel1abl~ reBults on 
energy absorbed by different materials under pile radiationo 

As a .first step ill e:m.m1nIng the tast neutron picture" a comparison 
of the "tast .flux" was made at the three positions in Hole 12 which had been 
used .for exposure ot H2SO4 solutions" and which had shown suoh d1fterent 
<results in the amount ot &as evolved by these solutions.. Past neutrons were 
measured by the s32 n,p }"'2 reaotion" Identioal samples of conoentrated 
C .. P .. H2SO4 were irradiated simultaneoUsly in the three positions/.> and the 
phosphorus activity was counted without separatlon. !he irradiated ao~cl 
was diluted with 9 volumes o.f water,. and 15 'AaUquots ot this solution were 
neutraUzed with NIlftOH and mounted tor oounting in a standard way.. !he chiet 
extraneous aot1v1ty present was sl5" a relatlvely weak p-emitter (0 ... 107 !lev) 
which could rel411y be abielded t:rom the oounter by a 55.5-mgo Al absorber.., 
Both aS5 a.rul pD" are pure p-end.tters~ and the absorption CUI"W sho-cl the 
virtUal abseJlOe of 8117 T radlation in the samp!ee//incl1cating the abaence of 
1mpurlt:y aotivi ties.,. EaGh sample was followed. tor O11e halt-lite (14 .. 3 clqs) 
or lODger. w1th oounts being taken every 2-3 days, md the aot1v1ty at the 
.tart was determiaed by the method of lea8t aquar$8. ~ sample whioh 
showed. a half-life differing trom the true value more than allowecl by the 
statistical countine; . error .... diaoarded.. The absolute countiag rate was 
determiD8d by compar1801l with Dr ... ZUDl'R&.ltt8 pS2 stan4arcl.. The ab8orption 
oW"Vea were folmd to agree eDotly with those at the standardo . . 
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Another sample o:r H2S04 was exposed on another day" shielded 
by a 24-m11 oadmium toil.. Comparison of shielded and unshielded results 
should show if' 8.l1Y large part of the aoti vi ty arose from th~l neutron 
aotivation of phosphorus impurity in the H2S04 o 

A thermal-neutron-f'lux determination for the entire length of 
Hole 12 haG been obtained by Miss A.rnetteo Table 2 gives the results of 
the .fast neutron monitoring in the three pOSitions" with the ratios of the 
thermal fluxes at these positions included tor oomparisono 

table 2 

"Fast flux" at· three Positions in Hole 12 

(Normalized to 100 Mw-hr'11 1 mg. 
S" at t1me ot removal trom pj,1.81 

Position No.. ot Dis .. per Ratio' to aotivity at , 
I 

(inches belOlir samples' Counts m1n. &.1:: Acti~ h1~eat ~Sit1on i 
oenter) counted E!r m1no zero absorber atODlll "faIt -ux" -ermaI flu - i 

I 

.S 4 10600 {a} . : 

S 5 11300 2.19%105 S,,52x109 100 100 
lS 3 11100 2615:z:l05 6.38%109 98 .. 2 96 .. 9 
24' 5 10900 2 .. 11%105 6 .. 21xl09 96,,5 93 .. 1 

. 
la} Cd shle14ec1 

The Cd-ahle lded sample gave a CO'Wlt only a ffm per cent less than . 
the others. showiD& phosphorus impurities to be of small importance.. The 
"fast flux". as measured by n,p on sultur ll ia seen to very little with 
pos1t1on-·less in taot than the thermal flux.. l'his makes it h&rder than 
ever to explain the ditference in behavior of H2SO4 solutions on long ex­
posures in the three positlons" It may be that the fut flux varied more 
&8 between these positions when the e.xperimantswere perf'ormed (last spring), 
8I1d has 8ince been evened out by ohancee in pile loadiDg <>' 

Dec_osition of Water Contaim.ng rriti~ 

As ,.~tionad 1n the previous report" the walls of the silica 
ampoules uaed tor conta1n1ng tritium wa.~r are permeable to beUum" whioh ia 
f'0l"l'DBd by decay of the tr1tl\D'1l atoms present. As the tr1t1U1ft dBO~.lIthe 
helium pressure builds up within the ampoule to a point at whicb the helium 
la d1ftualng out as fast as 1t Is tormed.. The activity ot the tritium with-
1n the ampoule can. then be determined accurately by mea.urine the rate at 
which heliwn oomes out... '!'he rate oan be dete.rm1ned by plaolrJg the ampoule 
in a system of sott g,1&88,. which 18 not permeable to heUurap allOtdng the 

I 
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gas to accumulate tar some time in this system" then tr'o.nsferrlng the gu 
to a system vdUch contains a calcium getter for removing any oontaminating 
gas and a Pirani or Mcleod gauge tar measuring thequantit,y ot gaso Measure­
ments of this kind have ~. made on two ampoules, and it was found that the 
rate of helium formation was constant attar about two weeka 1n an ampoule 
containing tritium ot the crder of a curiee Only helium dlf'tuaes through 
the walls of the silica ampoulesJ t4e quantity of' tritium coming out was 
Wldeteotable in an ion1&ation gauge, indicating the rate ot esoape of 
tritium to be les8 than 10 ... 10 curie per dayo 

This i8 the most reUable method knO'illl a.t present tor determin­
ing the aotivity ot a sample ot tritium.. 1I.easuromant ot the heat produc­
tion trom the same ampoule in Oro Jenks' oalorimeter will give an accurate 
msaaure of the average 'energy per disintegration tar tritium.. By combining 
this figure wi tb. the heat prc:xiuctlon trom· another sample, which will 
oontain a known weight ot' tritium as determined by gas density measurement 
(Sweeton and Jenks) a value for the halt-life ot tritium can be obtained", 
.AJ1 independent halt-Ute value oan also be obtained bY noting over a period 
ot many months the drop in the rate of heUum production .from a tritium 
water ampoule. 1'h1s researoh should yield the moat accurate values yet 
obtained for the radioaotive disintegration constants of trit1ume . 
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Adsorption (T. ·~T. De':'!'itt) 

The p.eneral outline of a research prop-ram on the removal of 
fission product rare gases has been proposedo 

Adsorption seems to offer the best possibilities at the momento 
This is p~rticular~v true since heats of physical ~dsorption may be as 
much as qOllbled over the usual v~lues on such lllltterlals Il.S charcoal, with. 
consequent increases in adsorbent cnphcity ot one to two orders of 
magnitude, by employing adsorbents 'Nith pores ot molecular dimensionso 
Such w1terials exist natllrally and mie:ht be .m.:1.de artificially .. 

Further consjderation of data on·adsorpt.ion on materials of 
very tine pore sizet leads to the conclusion th~t· they might be used 
as molecular sieves, nermittin~ the pa8sa~e of small carrier gas molecules 
and screeninp out larrr.er molecules such as Kr, Xe, 12 nndB1"2. Continuous 
and effective removal of the radioact.ive rare gases and 'halogens mi,e:ht 
thus be achieved ruther simply" "Jhile t'le production of suitable mem­
branes for such an operation mip,ht pose some difficult problems, materials 
with such properties do exist and their preparation with Sllt!:lble properti es 
cannot be considered hopeless. The compD.r~:tivesimplicity and ettectiv­
nesa or such a removal sl10uld .Justify consideriible research effort 
devoted to its study. 

The proposed program envisn~es three simultaneous lines of 
attack: (1) a study of the adsorption ,equilibrium and kinetics on . 
mrtterinls of fine pore si~eJ (2) stud~, of the di.ffusion of gases throup;h 
membr:.mes .. 'lith pores or molecular dimensions and, (3) a study of the 
preMration and properties of materi;:·ls .. lith '!')ore sizAs of molecular 

. dimensions both for adsorbents and diffusion membranes. A snmple of 
the natural zeolite chabazlte has been obtained thro'llRh tr:e courtesy 
of Dr. P. H. ;mett. This :nnteritil when . dehydrated l'I .. 1.S pores of' the 
order of 5 ! in diameter. It will be used in explorator..v adsorption 
stUdies with krypton ilOd xenon .. 

c; 

c 
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Surface Areas of Cnstalline Solids b 

A previous report(l) gave the adsorption isotherms of ethane at 
-1830 C on cube crystals of NaCl and KCl < The results obtained were the.re 
interpreted as indicative of a two.dimensional phase transition of e~hane. 
The nature of these isotherms makes it possible to compare some of the 
methods that have been proposed for estimating the surface area of crystalline 
solids by means of gas adsorption. 

The following table gives the results of these comparisons a The 
values used for'the incompressible area per molecule for the gaseous .and con­
densed phases on NaCI and the condensed phase on KCl were obtained from the 
crystallographic unit cells of these substances. It is postulated that the 
ethane molecules would be at sites of max~ adsorption energy on the sur­
face lattice and that the condensed phs.se is renresented by a configuration 
of less entropy than the gaseous phaseo From these conditions it is possible 
to visualize models for the phases and derive therefrom the incompressible 
area per molecule, as given in the table •. 

90J1l~rison ot Surface Areas Obta1nedby!~ethodsProposed bt Various Authors 
from the Vapor Adsorption Isotherms or NaCl and KCICrystals at -1830 C 

tl - ~ube Ctlstals of NaQl . 

Portion of' Isotherm Used 
. Monolayer Incompressible Specific 

Lower Upper Capacity Area per Surface 
Author Description limit Limit in ccDfffIl/ !~oleR~le in 

cm'2/f!II1 of pAo ofl¥Jb gill at oOC in 

Gregg (2) Gaseous Phase 0.007 0.027 20.0 31,7 2250 

Gregg (2) Condensed Phase 0.07 0.165. 43 .. 5 '15.8 2433 
BET (3) Condensed Phase 0.06 . 0.22 27,8 23.0 2260 

and nu1t11a;,rers 

·Harkins rd Uult1la;yers 0.11 
Jura{4 , 

0,,77 ... ~-- ..,. .... -- 2350 

t2 - Cube C!2stais or KCl 

Gre.(2) Condensed Phase 0.04 0.11 49.0 19.7 3416 

BIT (3) Condensed Phase O.Ot. 0.14. 42.2 23.0 3430 
and !.tult11ayers 

Harkins and Mult11a;rers 0.08 0.38 ---- ...... - ... .3930 
Jura 0 .. ) 

---

S .. Ross, ~ton N-3ll, pp. 99-103 (1) 
(2) 
(3) 
(4) 

s. J. Gregg, J. Che~. Soc., (1942),.696 
So Srunauer, P. H •. Emmett and E. Teller, J. Am. Chern. Soc.,.. 2Q~ 309 (193B) 
'?T. D. Harkins and G .. Jura, J, Chem. Phys., 11, 431 (1943); Idem, J .. Am. Chem. 
Soc., 66 t 1366 (1944) --
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A detailed account of the methode ot calculation and a discus­
sion of the 8ignifica~ce of the results is 10 progress of preparation as 
a report from the Chemistry Division. 

Cloud Chamber 3tudie8 - PoA. CX4--l (Ralph Livingst.on) 
. . . . , 

Cloud Chamber Operation 

A larp.e number ot cloud 'chamber pictures were made with a 504 
curie polonium ber,yllium 80urce9 Ina rapid s~ud, of the picturea, 
onl~ two fis8ion'~rack8 were found. 

In order to pet a hjp,her. neutron flux, the decision was made 
to move the chamber,to the plle6 

A number of pictures'wer~ taken of uranium alphas in order to 
,improve the chsm.ber operation. Tetrachlor04-butane p'llve· ~ood results 
for the first few dfl}lS of opet!ation, an~ it will !,)robabl;v be used in the 
first work at the pile 0 A moderiite suPPlY is available. 

Arranp;ementfl have been made vdth K-25 to ohtnin a sup!'>ly ot 
816-C12 0 This rnaterial may be used tor later r.ork. 

Pile Facilities 

The in~tallation ot eQuipt:llent at the pile i8 essentially complete. 
A collimated nel~tron beam, about J./4 inch x 2i inches is tl\ken from the 
pile and the chamber so positioned that the benm enters one of the slit. 
shape windows. A barricade in ba.ck of the chamber stops the beam. 
Provisions have been !Rade to lnter install • thermal neutron beam shutter 
so th."Lt the Chamber will be in a thermal noutron 'flux. only at tho time' 
of expansion.. The control circuits, lip:hts, etC. have also been installed. 
The radiation backp;round wlth the chan6er in place and beam on p:ivcs 
about four hour~ working tilne near the chumber .. 

The chamber has been cleaned out and is now being retilled~ . 
The twin lens stereo-ce.mera has been cQmpleted, And the mirror system tor 
use with it is ~earinFcompletion.· 



e 

e 

e-

-117-

Calorimetry of R.'ldioactivitJ;: (Go HoJenks, F. It. Sweeton) 

I.. Mensl1rement of the ,\verage Enerel of the Betas trom Tritium DecM 

. For this determination, samples ~t tritium already available 
at this lAboratory wi1;t be measured in the f> -calorimeter after purifi­
cation and analysis tor the protium-tritium ratio. 

It is planl'!ed to purity the 1t8S sample by paasinp, it throu~h 
palladium and to handle the purified gas in a system in which it will 
come into contact with only ~lasB and mercuryo The protium-tritium ratio 
will be measured by detenninin~ the density of the sample with a s:as 
density balance. 

At the present·time, most of the components ot the ~lass s.vstem 
have been constructed and are ready for assembly. ~1ectrical controls 
for two automatic Topler pumps have been assembled and the mercury for 
the system puritied" A pas density balance made entirely ot quartz 
except for the t'llcrwn which consi/ste of two tunp,sten tips cemented to . 
the beam '.'lith silver chloride has been constructed. Preliminary test 
or the b~lance show it to be sensitive to about 0.1 j1'p, ,which is suft:icient 
tor this v·rork" ' ' 

II ~ !,fodificationsof Calori:neter 

The reproducibility or Fr,llS evolution rates with the f3 -calori­
met.er described in report MonC-410 became fairly erratic recently. The 
cause of this troUble was traced to a partial loss ot vacuum in the 
calorimeter head shown in Fig. I of t~atreporto A new head was built 
'with some IrIOdifications wbich cal1sed the tube connecting the calorimeter 
with the pressure system to be cooled in the outeJ' bath. Satisfactory 
sensitivity of the calorimeter has resultedo " 

The calorimeter Dewnr shown in the d rawinp: mentioned above hud 
a neck with an internal diameter of 6.,5 mtn q and sanples were limited to 
that diameter.. In order to carry out, s(me measurements on gold which 
were planned, it was necessary to use sampleA of lnru,er,dlameter than 
6.5 mffi. and a new calorimeter DewnJ' was re~ired. The new calorioeter 
was built exactly like the old one exceptthDt a larper tube (900 mm. 
1.0.) was used for the neck. A ground F',lass adapter was made so th:'lt 
the new calorimeter could be fitted to the existinp, calorimeter head .. ' 
The adapter increased'the lendth of the joint by 7 1Ml. CalibrHtion of 
this lnr~er calorineter has shown it to have the same backpround heat 
evolution and sensitivity as the s~'lller one. 

III. Search for a 65 Kev!1amma in the ,Deca~, of Aul 9S 

A 65 Kev 6 in cascade vuth th~'Q.412 g in the decay of Au198 
has been reported by Feather and Daint;vll).. If u p;aol!'l8. of this ener"" 
does OCcur in a ma.iority of the disinteRrations, it should be possihle to 

n.)N~ Feather and J .. Dainty - Proc,o Cambro PhiL "§Oc~ !Q, 57 " Tl944r-" 
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detect its presence with the jS-calor1meter by usinp, an absorber which 
selecti vely absorbs the p:runma in Cluestion. 

Procedure - . 
ApproximR.:t,e1y 15 1IlR. of p,old foil (10 ~/cm2) were encased in 

. one mil. aluminum foil and rolled into a cylinder ot about 2 nun .. 
diameter and 2 em. 10neo After irradiati on, . this sample wno olaced in 
a p.raphite c;vlinder with the followinp dimensions: 7.5 Mm. O.D., 3.5 mm. 
l..D;., 2 em. in leMt.h. This sample was then pl::cerf 1n the l'rre c0101"1-

. meter Dewar descri bed obove nnd t.he absorbed ener". meu81Ired{2}. 
Following this measurement, t.he calorimeter was disassenbled and the 
graphi te, includinl;" the ends, Wf.lS covered wit.h a O.lJfl fl,/crri2 silver 
absorber and the enerP;Y a~ain measuredo The re~)lts of four repeated 
energy det.ermin..'ltions are shown in the table •. 

Table I 

Run -
I ' -'Tatts x lJj4 

Time, Hours· Rate.' (At time of ','1att.s x 104 
(Middle of run) (ArbitrarY units) 1 measurement) (Zero time) No. Absorber 

: 

1 Calorimeter- 3.1 0,,972 1 .. 83 1,,90 
.2 Calorimeter 4 .. 4 0.955· 1 .. 80 1.86 
3 Calorimeter + 23 .. 8 0.789 1.47 1 .. 90 

o ~ 147 g/ CJr? Ali. 
4 Calorimeter .; 

0.147 pjc,m1. AI! 
l5 .. 6 0 .. 778 1 .. 45 1.90 

0.761 5 . Calorimeter of· 27.3 1.41 1.90 
00147 g/cm2 AF1 

6 Cnlorimeter . 51.2 0.617 1.13 1.96 
7 Calorimeter 53 .. 4 0.605 1.11 1~96 
8 Calorimeter .. 

0.147 g/cai2 All 
72.6 0 .. 490 0.882 1 .. 88 

9 Calorimeter .,. , 7;~3 0.477 0.857 1.92 
0.147 g/cm2 . Ae 

----- -- -- -.-.~-

Discussion 

Since the disintep;ration rnte for this sample has not yet been 
determined, the energy absorbed per disintf~r.rution is not known. How-: 
evert using the mass absorption coefficients for the components of the 
calorimeter and for sUver, it was calcul<'l.ted. that '..men the silver absorber 
is added, the measured energy should increase by approximlltely 2% due to 
increased absorption of the hi;rh en~rp:y ear.rnas.. If' a gar3l:a of about 60 
Kev, energy occurs in every disinte;::,;ratic,n, the absorbed encl"p:y should 
incre;Jse by about 8%. The 1,ast column of the table ot data sho~.,s that 
within! 2% no increase in the absorbed enerey occurred when the silver 
was added. 

(2Y For details ot the measurement. see report J..fonC-410 
) 

• 
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Elements and Rare Earths in Crystals and Solutions < S. Freed, 

Absorption spectra of crystalline AmC13 kindly furiUshed tis by 
Sherman Fried of the Argonne National Laboratory: were taken on a grating 
in v;adsworth mounting having a dispersion of 5A/rrm. in the first order" 
(The quantity ot the material available was several .microerams .. ) . 

The spectrum consisted for the most part 'of sharp lines even 
at room temperature, comparing very favorably rlith the sharpest of rare 
earth spectra.. The lines varying from about lA to SA \1id~ were at 3160, 
3350, 3380, 3640, 3670, 3770, 3780, JBOO, 4400, 4570 and .4630A.. In 
addition there is a doublet at. .4050A and regi.ons of absorptlon at 4250A 
and 5090A whose structures have not as yet been resolved;. 

Preliminary observations a.t the temperature ot liquid nitroeen 
indicate a partial resolution of the absorption at 5090A with a line at 
5l20A appearing above the background" 

Our results may be accepted as excellent verification of 
analogies drawn between the electronic structures of the ions of the 
heavy elements and those of the rare earths~ In fact the analogies, in 
the light of these Sharp spectra, extend not only to the electronic con­
figurations ot the ions in their basic states but also to the configu­
rations of tf:le excited electronic states" 

, . 
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Polarography of Ions Enoountered in Pile Process Solutions (B. Ito Mi11er~ i,,, Do Rot,ers) 

The applioability of.the stationary platinum electrode far semi­
quantitative work in polnrography has been inve8tigated with aeveral iOD80 
~e ion8 investigated were those wh10hmight be fQUnd a8 major oonstituents 
01" impurities in pile prooA88 8olutions.. 'Because ftrious anions mi@,bt be 
present in such solutions it was desirable to atuQy the halt-wave potentials 
in difterent background media.. The baokgrt)Ullds seleoted were 0 .. 10 M BP. 
RNOap H2S04 and Bel.. -

The polarographic technique was that described 1D "~nC .. 236o '!'he 801i4 
eleotrode was a brl&bt platin.\D!I wire. 1 mm. .. long and 006 mm .. ctl.tWter p aeaiecl 
in a gla88 tUbeo . 

The halt~ave pote~tiala are listed in the following table.. A c~mparlscn 
of the potentials tor different ions in a given medium indicates that 1n mos.t 
caaes the waves would not be separated sufficiently to allow a mixture of theae 
ions to be analyzedo 

fIalt...wave Potentials 
(In 0.01 l~ Baokgroullds) 

I . 1000 x 10~ M UP BCl H2S~ Htl~ I . ,Soluti·on . 

j ~Cr04 ~Oo42 ~Oo448 .uOo428 • 
. .00113 ",0 l:! 166 

CuC1202H20 ~OG45 90n126 ~o096 =00081 
~~02 -00 116 

FeC13~6B20 No wave ~o50'1. • . 
Fe2(S04)3'~(NH4)2S~~ III ! • -000421 • 

2H20 i 

Y4 <Ya +) .0.46' .0.331 I .;() .382 ..0.324 

U~C12 No wave No wave 'No wave no wave 

. 
Ie<' =t~ e."._,.,... _ .. =""""",..,..",j~ ___ """;~ ____ ",:", ____________ _ 

.Not analyzed c 
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Rlectrolyttc .... Polarograph10 Studies of Silver and Palladium Complexes (J" C .. Griso8 0 .. - . ·W","·_.~·-_ .- -~---- L., B .. Rogers) 
Polarographio Experi~enta 

Since the last reporto it has become necesaar,y to obtain more acourate 
values of the half~ave potentials of silver and palladium in various oomplexiag 
media. The values previously reported were obtained with an automatic recording 
polarograph but were not ~hecked with a potentiometer as were those reported belowo 
The helf=wave potentials or silver in va.rious conoentrations of sodium hydroxide and 
sodium cyanide were determined in a similar mann~ro . 

An atte~pt was made to examine the reversibility of silver and palladium 
reactions by me ana of the polarograph and stationary electrodes., ~e procedure consleted 
of plating a micro platinum electrode with a thin coatinr, of the desired metal" The 
electrode was then placed'in a given backr~ound solution and a poleroyram reoorded with 
the direction of polarization reversed from thot used in obtaining a normal ourve~ \Vhen~ 
ever the reaotion We:s readily reversible the dissolution wave began at a potential more 
positive than that of, the reduot ion ha It =wave 0 . , 

The value of the dissolution potential Uste'd in the table bel-ow was that 
where the first indication ot a wave appeared on the polarogram.. "!hile this manner or 
choosing a dissolution potential is arbitraF.Y~ the values obtained are suitable tor 

·the purpose of comparisono It oan be seen trom the following table that reactions in'" 
volving silver are readily reversible whereas the palladium reactions are irreversible 
with the exo~ption ot the one in cyanide solution. Sinoe theosilverreaotions are 
reversible» it 1s possible to oaloulate formal potentials~ (Et ) from the halt~ave values 
of silver (1) which agree within about 0<>1 v .. of the EO values reported by Letimer (2)" 
"n the oaS8 of palladium it would be dlf'fioulte if not impossible, to caloulate the EO,s,.. 

• • • * • * • * * 
Polarographio HalfuWave and Dissolution potentials Using a '~oro Platinum 
Electrode and !-!i111t11olar Solutions ot Silver and Pallad1um (II) in Several. 

Baokground 
Solution 

0 .. 1 M Na2S2~ 

003 M KONS 

001 M NIt" tll 
0.1 M tfaCR 

0006 1~ ~CR' 
&.0 M N'a<ll 

0 ... 1 II !·laCtl 
1.0 'f4 NaQl 

·006 " 'l'faCN 
100 M ~a(J( 

Complexi ng "~edla 

A~.Ag Pd E* D;\s80lutiotl E! 
Pot., 

",0:)41 ... 0045 ><»0('1" 

..0.,22 .. 0023 ... 0043 

",(),,02 ... 0001 ... ()O50 

-0084 ... 0089 > ...()o8* 

-0086 "()~92 .,..-102* 

-00'19 ",,0076 ;,. ·-loS. 

-loOS -oc8'7 ') ... lel* 

Pel 
Dissolution 

Pot 0 

J}oO o07 

«>.,26 

'\"0039 

-0.71 

""OoSO 

-0085 

-0088 

All potential, were measured againet a saturated oalomel eleotrode end were obtained 
using-millimolar o~ncentration8 or metal ions and a mioro platinum electrod6o 
*Hydrogen e'O'ol~ed at this potential.., 

. 11) See "onC-236 And Kolthotf and Ungane' 8 IfPoloror,raphy" for more detail's -concerning 
this type of oalcu~tiono , 

(2) Latimer. W"H",o "Oxidation PotentialS"e Prentioe RallO) New York (1956.)" 
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Eleotrolytio nata 

, In order·to oheok the validity of the data obtained polarographioally 
oonoerning the reversibility of the reaotion PdO~>Pd~2 ~ 20_ cathodes oontaining 
palladium aotivity were eleotroly~ed at potentials above a~ below the dissolution 
potential to see if any palladium WAS removed during the eleotrolysis. These' 
eleotrolytio studies at potentials near the di 8so1ution wave are anah.gous to , 
studies near th~ polarographio reduction wave vnioh were reported previouslyo 
The ·procedure was as follows I Four mill1molf'r pal,ladium tracer !Solutions were 
prepared, eaoh on~ oontaining one or the following as supporting eleotrolyte: 
001 M NaCN~ 0 .. 1 M Nf[400, 003 M KONS; 0 ... 1 M: lITa2S2ceo 'tWo aliquots from eaoh 
solution were eleotrolyzed (3) for a period of tlr.t~ loue; enough to plnte a 
measurSl.ble amount of palladium on the oAthodeso The oathodes were removed,. oounted, 
and then reinserted in their respeotive oellso The eleotrolyte from whioh the 
cathode was or iglnally plated was returned to eaoh oello One cathode was electrolyzed 
at abot1t Ocl V .. more positive than the polarop;raphio dhs')lution potential and the 
other about 0.1 V 0 more negrtive than the dissolution potential.. At the oompletion 
or a three hour eleotrolysis. the, oQthodes were removed and oounted" 

The results below indioate that the eleotrolytic behavior in the neifi1bor­
hood of the dissolution wave is cmaraoter1stioof that for a reversible reaetion g ioe" 
plating ocours at potentials more negathe than the dissolution potential and 
dissolution at more positive potentials& 

* • '" "', '" '" '" • • 
Checks ot thePolnrngraphlc Dissolution Potential by Removal of Activity trom 

Cathodes. 

8aclr~round 
solution 

0 0 3 ~I KC~~S 

Q.l M Na282C>.s 

001 U NH.f,CII 

100 M Naat 
001 16 tfaCN' 

Dissolution 
Potential. 

«)..,26 

OJOQ",o., 

~0:>39' 

..ao86 

elm f)11 Cathode 
before F.lect I> 

7 9020 
51,\1000 

<> 

7,100 
4,140 

34,600 
36~OOO 

3,310 
26,,900 

Cathode pot 0 '" 

during Eleot. 

+0 .. 100 
1)00.,380 

,~Oo2oo 

... 0,,100 

+00200 
-to,,5S0 

.. 10150 
... 0 .. 700 

elm on Cathode 
after Eleot" 

16 9 900 

110700 

3 11 490 
., 9290 

. 40 p 200 
249 500 

11,300 
61'l200 

*All pOtentials measured agaln.it a saturated oalomel-81ect'roreo-~--
~ 

Determlastlon of' Separation Faotors 

'the value of a separation factor has been found to depend very beavily 
upon the amount of sllver that Clan be plated out.. In the last report (4) the 
rapi4 and exten~l'Ve dissolving aotion or the cyanide ion on thin sUver fUms Was 
mentlaned~ Thoreforeoto retain traces or silver on an electr~del it is ,necessary 
to,remove the oyanide 801utfon from the cell before breaking the cirouit.. '!lreviouely 
this was oarried ,out by removing the oyanide with suotion and!) at the same time, e adding water to 'flash the oello necently it has' been found that ~ven this procedure' 

(3 ) 

(4) 

The eleotrolyzing vessel was a cell or the type described by D. Be F.hr.11nger~ 
Honrf ... :nl., po 198<> ' 0 

MonN~310~ po 160-1~ 
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allows same dissolution to tare placeo It is possible to a~oid this dIfficulty. 
however, if' instead of' water a solution ot an electrolyte is used in wh1ch the 

, Ei of' silver is more positive." Many electrolytes were found to be erfective .. 
001 U KCl is convenient to use and it has made possible the oomplete recovery 
of' sUver from solutions as dilute as 10 .. 13 !~ .. 

.~ _ _ ~"'.'·_·i"_·_·--

Separatton factoreo believed to be more accurate than those giVeD1if 
the last reportj) ha"Ve been obtained for the separation of oarrier-free Ag .' 
from palladium in thiocyanate .. thiosulfate and amDI.Ollia mediar to date 'bhe re­
determination of separation factors from a ~an1de solution has Dot been 
UDdertalrezlo The values listed in the table below are felt to be ot greater 
&coUJ"acy beoause: 1) The actual number of Aglll and Pd,109 at01l18 8,8 determined 
experim~ntally in our laboratory have been used in oaloulating the 8epara~ion 
taotors~ The previous results were based on theoretioal calculations onlyo 
l) New voltage regulators· capable of controlling the oathtXie potential to 
." 1 _~ have been. obtainedo 3) The improved teohnique de8cribed in t ... 
preoeding paragraph was used for washing the cathodesv thereb,f minimizing 1088e8 
of the deposit" 

The procedure used in the preparation of the sample and in the eleotrolysi! 
Was the seme a8 that described 10. the last quarterly report (4)0 The results 
listed in ,the table below are for an eleotrolysis time ot thirty minutes and a 
solut1on volume of twenty ml11ilitex'so 

Separation or Trace Amounts of Silver trom t4loro Amounts or Palladium 
, Using Thiocyanate, Ammonia, and Thiosulfate S,lutlonso 

supporting Cathode· % Ag % Pd Separation 
Eleotrolyte potential Plated Plated Factor 

003 'M KeNS 

O~l M NH4Cll 

...00100 
=00220 
-=00360 

16 .. 0 
27.,4 
4306 

804 
15,,0 

00069 230 
0&16 180 
0 .. 80 50 

0 .. 008 950 
0,,007 2000 •• 

<:100160 
00000 

=0 .. 025 
... (>0350 

29.,3 0,,006 5400"'*, 

001 M Na2S2~ ...00260 
.. 0~410 
-0,.600 

47 .. 4 

4 .. 3 
11,,7 
2109 

0 .. 14 350 

0<1>016 260 
0,,018 660 
0 0 086 250 

.AII potentials measured against ,8 saturated oalomel eleotrode., 
•• This value is being oheckedo 

r~lt1ple Electrolyses 

It has been found that pure Aglll aot1 vity oan be obtained by o~rylng 
out multiple eleotrolyses. Following the first eleotrolysis p the cathode 
deposit was dlssol~d in a fresh background solution and then reeleotrolyzed" 
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Because palladium was plated reversibly o~ly from a oyan1de 801utiono it wae 
necessary to use a e,yanide solution in all 08SGSg 

The solution was prepared 8S f'ollUW's: A 10 1Dg .. sample of' palladium was 
irradiated in the pile for a given periodo opon removal trom the pile, the 
sample was dissolved in a minimum of sulfurio and nitric acidsc !he exoess 
aoid was neutralised and sUfficient sodium hydroxide and sodium oyanide added 
to make the solution 10 0 If in' sodium hydroxide and 001 M in sodl~ oyanide 
when dl1utci t~ll00 m1; the palladium and silver concentrations were approximately 
10-3 M and 10- ' .. respectively .. 

A 20 mt$ aliquot or the solution was electrolyzed for three hours at 
a cathode,potent1al of -10200 v. VSo Sor.E~ Then the electrolyte was replaced 
by 20 mI. of a 1~0 Yo NaOff Q 001 M NaCN solution_ and the polarity of the oell 
reversed for thirty minutes 1n order to remove both the palladium and the 
silver f'r'O%l:l th~ cathode" The oath ode potential was readjusted to -1.,200 ;V Q 

va .. SoCoE .. for three hours at the end of whioh time the cathode was removed and 
a i!iAY curve plotted., In all eases the deoay curves have indicated a pure 
Ag . activity? To date a y1eld of' 73" of the total Aglll has been realized; 
with an improved technique it should be possible to increase tbis yield to 9Q%o 

~udie8 are noW in progress to det~rmine electrolytic reduction Waves 
for 8 ilver trom a cyanide solution whero the silver oonoentrations are either 
above or below those neoe8saryto give a completely covered cathode" In­
addition, studie8 of the rate 01' deposition are bein~ _de from simil9r aolutloneo 

e The Eleotrodeposition Beh,avior of' Traces of' Silver (Do P ... Krause .. L\> Do Rogel'S) 

e 

. ", An attempt was made _to dupUoate the work of Ehrlinger p published 
in previous quarterly reports, on thfj eleotrolysis of ni,trate solutions containing 
traoe amounts of s11ftro Improved techniques were introduced tor I l) Preparation 
of active silver solutions 01' knOW'll conoentrations and;' 2) Washing 01' the cathode 
at the end of the eleotrolysiso 

Carrier-free silver was prepared by the multiple=eleotrolysis method at 
Griesso (See the preoeding section in this' report by Griess for the method 
and the quantitative data regarding the soparation of palladium and silver)., 
Cathodes trom the multiple eleotrolysi8~ having ~88ent1ally pure silver aotivity, 
were stripped 1nto a OolM KNOs solution containing a known amount of dead 
silver.. The amowxt of silver .dded fran the stripping was insuffiCient to 
alter the ooncentration in the range in whioh the work \'1a8 carried outo) 

The data on electrolysis of a 5 .. 0 x 10-4 H Ag"t solution indicated that 
deposited silver Was being physically removed from the cathode when waeh1ng ot 
the oath ode was oarried out by the procedure followed by Ehrlingerco Therefore, 
a different teohnique was adopted in which the bulk of the eleotrolyte was 
removed by suotion to the point where the anode, and probe were jU8t under the 
surfaoe of the solution" Then the' potential on the oathode was ohanged to a muoh 
more negative value and the cell was f'looded with a stream of water.. The water 
was remOTed by suotion at the eame rate as it was added. F.lectrical·oo~tact 
was broken by suoking the oell-dry only after- the washing had been completed/)' 
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Experimental Details 

500 mlo o~ a 10-3 M Ag~ 801utl00 was prepared by weighing 000849 gram. 
of l~rok Silver Nitrate (C:Po er.ystals) and dIssolving it in 0.1 M KNOs solution .. 
A portion'of this was used to strip silver aotivity from a platinum oath ode 
rrepared by multiple eleotrolySis .. 

'Itte pH wae adjusted to 4 with dpute RN~ and KOHo Be~ore the solution 
was used, :U: was observed that turbid:1ty developed in the final solutll'.)n~ and 
on standing I'.)vernight a visible preoipitate appeared. !he 8Olutionwas filtered 
and the filtrate used in all eleotrolyseso Nephelome~ric analysis of, the + 
filtered solution b.1 Do LaValle gave the oonoentration as 500 x 10-4 M in Ag .. 
This indioates,that one half of the Ag~ present had been removed by preoipitation 
with Cl- present as an impurity in the KNC3 and the distilled water .. 

Controlled oathode eleotrolyses were carried out on 26 ml.. aliquots or 
the 5 .. 0 x 10=4 M solution at potentials between .0.,,500 Vo and ""'0200 V. (vsoSoO.E,o) 
Duplioate five hour eleotrolyses were run in e~ch oaseo The next table is a 8'Ul'1DD.Qry 
ot data obt:ained. A plot of the ratio ~ versus potential indicates that the E50% 

Ao , 
for the 6 x 10-4 M solution 18 appr~x1mately ... 36 V.' 'Itte plo~ of Ao '" As versus 
potential gives a value of "'035 V. for E5O%0 'Ao 

• • • ., • • » * * 
The Peraentag$ of Silver Deposited on a Silver Electrode From a 60 0 x 10~4 M 

Solution 88 a FUllOtlon of Electrode Potential. 

1 
2 
3 
4 
5 

.8 
'1 
8 
9· 

10 
11 
12. 
13* 
14* 

Potential 
(va. seE) 

... 600 
+.600 
+0400 
"'0400 
+0360 
+0360 
4.,800 
+.300 
4.800 
+00260 
+.260 
+0260 
.... 200 
+.200 

Percent on Cathode 
After Wash 

!! x 100 
Ao 

.64 
,,49 

404 
.67 

33 
39 
81 
68 
86 
18 
77 
82 
69 
46 

Aa m Aotivity at oathode. 

Percent Plated 
Ao .. Ax 

Ao 

6 0 5 
13 
14 
10 
44 
46 
98 
95 
96 
99 

100 
98 
82 

100 

x 100 

, As: .Activity, ot solution after plating. 
At: Total aotivity (cathode plus solution after plating). 
Ao = Activity ot Ol" iginal solution 5,,06 x 106 c/mo 

Material 
Balance 
At 
- x 100 
Ao 

94 
frl 
91 
91 
90 
f11 

fJ1 
73 
91 
78 
77 
94 

1la 
100 

*en theee runs the activity of the wash water was measured and included' in At. 
If 1t is assumed that the act1'rit:y in the wash 18 ~om material that had been 
deposited on the oath ode and then physioally' removed durinr, the washing p,rocess. 
the material balances are as follows g Run #:9 ... 8~3 Run :11:12 ... 92%1 Run 1;13 ... 96%, 
Run /!:14 ... 100%0 In these experimentsl> 100 ! l~ is consia.ered eat sfaotor:yo 
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A 10~5 M Ag solution was prepared in a nanner similar to that used for 
the 5 It lO"'~ 11 solution exo8nt that 5 mlo of 8 stock 10 .. 3 M solution was 
diluted to 500' mlo with 001 it nOs" The pH was again adjusted to 40 No 
turbIdity or preoipitationwas ob8er~do The solution was stored in a br~ 
bottle to eliminate the possibility of decomposition" Controlled oathode 
electrolyses were oarried out in dupl10ate for tive hour periods on 25 mlo 
e,liquots ot tbo solution.. 'l'he potential range W8S from 40500 V .. to JJo .. l50 V co 

In all 08ses the improved washing teohnique was used.. 125 mla of 
distilled water wer~ used tor washing.. The wash was diluted to 250 mlo and 
1000 A of this evaporated to dryness tor eOUnting~ A table summarizes the 
data obtained" The plot of Ac versus potential gives the value 4022 1'O'l' 11:50%" 

.1; 
• * ~ * • * * * * 

The Peroentage or stlverDeposited on a Silver Rleotrode trom a 100 x 10-5 M Si,lvew 
Sotutlon As a Function of' Eleotrode Potentialo 

Potential 
(veo SCE) 

... ,,603 
-.600 
- .. 401 
... ,402 
"'0358 
"0352 
.... 298 
"0300 
"0298 
0> .. 246 
"'<1248 
.... 251 
... ,,225 
"0223 
"'0220 
... ,,200 
- .. 200 
-0160 
"'01&0 

Percent on Oath ode 
Arter Wash 

~ x 100 
Ao 

2e 6 
4 .. 4 
501 
404 
501 
~!~C).6 

6 .. 8 
800 ' 
'7 .. 2 

1206 
904 
702 

38 
62 
60 
fR 
sa 

,9'1 
99 

.10:: 2.88 z 1()lS elmo 

Percent Plated. 
Ao .. Aw 

A sl00 
o 

28 
28 
16 
12 
13 
12 
1.8 
2? 
24 
26 
26 
24 
50 
61 
66 
86 
84 

100 
100 

Material 
Balance 

~!It 100 
Ao 

76 
11 
90 
93 
93 
92 
88 
81 

.84 
86 
83 
84 
81 

101 
94 

101 
98 
97 
99 

-calou1.ted trom the aJllount; ot aotivity round 1n the wash solution CAw). 

. -, !be shitt in. BSM between the concentration 5 It 10-4 .. and 10 .. 6 'If 1s in 
agreemeat with that prefflcte4 by the abbreviated torm ot the tlernet equation., 
The oaloulatloll shirt is .10 v .. whereae the observ~d shift 1s 012 V .. 

EhrU.nger dld not ob.erv8 ~ shirt in E~ val\l88 between 10-4 and 10-5 M 
801utiOlho BOiIIreger. i~1e data in the or~t5cal rG"l1on or E6~ is too sparse to allow 
a deN,nite concludon 'to be made.. Furthermore .. hie method ror the preparation ' 
or the standard active solutions was such that there is a posdbl11ty that the 
concentrations he rep?rted were in erroro 

Work ~l~ ~ c~ntliued along the same lines at deoreasing conoentrations or 
Af!.<P ion (10 ... r" 10'-' » 10··" ,) '\:0 Cll'J:!'ek the nb:!'lel"Y'::I,t~o" m$.~e by Eh,rli~~T' "':h~~ ~.t 
~1St;.e6ntrEl~:inlliJ 1~81S than thJlt "t which a monolayer is 'deposited on the cathodo 
a pOsltiv& shlrt 1n E6~s obtalnedo 

'\170-
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Adaptation of the Hantord-!ype Liquid~Liquld Continuous Extraction to the 
"'Solvent Eitrac}ilon or uranium ;:Hb tlietfiyl Ether (w .. J)fivenpoJOt?p tf. Byerly) 

Small amounts of uranium must be determined in the samples 01' the 
u235 recovery process (1)0 These samples will be radioaetive and it would 
be advantageous to separate the uranium from the interterinl!: ions and from 
the lIi8jor portion of the radioaetivity.. Solvent extraotion otrers a Means 
of separation and decontaminationo On hignly radioaotive solutions it ~ 
neoessary to work with small samples at a distanoe in order to reduoe the 
level of ths,radioaotlv1ty to which the operator is 8xPosedo This may be 
donG effectively with the H8nford~type liquid~liquid e%traotor (2) if it can 
be shawn thet ouantitative reoovery of uranium will be effected with a reasonable 
volume 01' 801vento 

Extraotions usinr. varying volumes of s~lvent indic~te 98% reoovery of 
uranium is obtained if a volume ratio of' 19 to 1 f'or solvent to aqueous 18 
used .. 

Aqueous ~olutlons (2 .. 1 '11110 or a 2 0 3 molar aluminum nitrate- solution 
at a pH 01' 0.1 oonta1nin~ 500 7f' o~ uranium) were extraoted with volumes of 
dlethyl ether rarlging from 10 to 50 '11110 to give the following reaults: . . 

--Extraction Volume Ratios 
vslva 

Peroent Recovery 
-Number 

-
1 4 .. 8 74 

2 905 90 

S 14 .. a 97 

4 19.0 98 

5 23,,8 96 

Fluorophotometrl -(Po I'f'h omas on,,' Uc Koekela ll W. Byerly) 

In a tormer qUArterly report 01' the chemistry divieion (3)~ a brief 
statement was made 8e to the tluorophotometrio preoision aDd accuraoy in the 
ra~ of 0.0006 ,to 100 miorograms of uranium. The max~um deviation of a 
a1n~1e value trOlll the average ot aix was listed as abl'lut 60% while the 
r.!axtmurn deviation f)f' this 8ve1'88. from the true value Vias listed a8 about 
!l6%. !be ftrtt ~l\18 or 6~ hal been improved to about 16". and the second 
trom t 16~to »l~. The_hi~er preoision seems to be the result of' better 
distribution of th. urw= in the sodium fluoride cake. The later results 
were obtained by aClding the liquid samples toa tuBed sodium fluoride oake and 

(I) b2S" Recovery Flowsheet" June 4, 19470 
(2) BoEoVi., IabOr'atory ~{anual" Apparatus S8ot10no AE ... 23f'o 
(3) Byerlyp W .. " Sadowski" Go, MonN-311" p. 206. 
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fusing again. Heretofore the sodium fluoride ~8 added to the dried sample 
in a platinum dish and tusedo 

It is desirable to have permanent fluoresoent standards with whieh 
to cbe,ok the stability of the tluorophotometero As the tused sodium !,luorlde 
uranium cake is hyr.roscopl0. it is not suitable to be used as a atandardo 
Three uranium p:las8 disos made ,by tusing varying quantities ot uranium glen 
(Corning No .. 3150) with soft glass to give different intensities of f'luorel:lCeme 
are being read as standards. The glass standards ha~ the fluorescent 
equivalent to approximately 30p 87 p and 218 mi1l1gamma of urenium p Vlhlob 18 
ths optimum ran~ of the fluorophotometer for the determination of uranium. 
The maximum de vi at 10n of the instrument or standards bas been t 10% tram the, 
average reading.. Wben the glass standards read either lower- or higher than 
normal the deviation of all th~e glass standards agreed Whioh indicated the 
fluotuation was in the instrument rather than in the standardsc ' 

The influence ot radioactivity ,on the photomultlpUer tube used in 
ths f.luorophotometer w11l be etucUed.. Methods using this instrument, for the 
determination of other elements aleo will be investi~ted in the tutureo 

, ' 

Colorimetric Determination of Aiumlnum (E. Hanig. Wo Byorly)' 

The volumetrio aluminum method (1) now beinr, used for the samples of 
the n235 recovery process 1s not adapted f"lr remote control operation and: 
therefore as the radioactivity inoreaaes a more suitable aluminum deter.mination 
must be developed. Several colorimetric methods for the determination of 
aluminum have been investigated. The cbloro!'orm extraction 01' aluminum 
quinolate as outlined by aentry and Sherr1ngton (2) was tried without success. 
The results were erretioand a standard ourve oould not be repeated. 
Purlt1cetlon of 'Chloroform did not impr-ove the preoision. 

, The most promising of the oolor1metrlc methods tried usea quinallzarin 
as the complexing reagent as reo~end9d by ~olthoff (3)0 The pH 1s oritioal 
and an ammonium acetate butter is added to hold the solution to a pH 01' 
5.5 - 6.7. The transmission of the color complex 1s .read'at a wavelength 01' 
540 millimicrons with a Beckman nu Speotrophotometer 41 The method will 
determine aluminum in the :ran~ ot 0 0 30 miorograms in the pressnoe ot 
30 micror.rams of iron and 30,miorograms of uranium. '1'hb amount ot iron and 
uranium 1s greater than that expected 1,n the n236 reoo'gel"'Y process samples .. 

'Remof"B Control Sampling (U. lIemph111. w. Davenport. W. B,yerly) 

Pour remote control samplers of the revised planor,raph type (Clinton 
t.boratol7 drawl~ No. 262) have been installed 1n the analytioal laboratory 
tn BIde_ 70S-D. 'l'h.eeo samplers are used to deliver 1 to 600 ". 01' a radioaotive 
.olutton. A remote pipette ejector (Clinton laboratory drawing CD-2M-A) which 
enable. en ~rator to remove a radioaotive mioro-pipette tram the sampler at a 
sate 41stanee bas baen dealgne~ and 18 1n use o 

. A meroury oolumn sampler haa al8~ been devised and used i)o deliver 100 A 
samples with maximum deviation ot tT". This sampler may be operated with .zero 
via1bl11ty,. hawever e ~t does not he," the desired f'lexlbiU.ty~ 

(1) Lundell. GeE.Fel> Knourlea,. H.B." BUr. of Stde. J. of Rea. (1929)0 
(2) Gentry. CoHoR •• Sherrington,. L.Go~ Analyst 71, 432 (1946). 
(3) Kolthof't p I.'! .. ~ J. Amer. A1e.rm.. Asooo 11 II slm (1928)0 -
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Solvent Extraotion ot Plutonium end Cerlum(Jo E" Hudgen8 9 F" La Moore) - ... 
Investigations into solvent extraotion teohniques capable or separating 

oerium and/or plutonl\Jm from other elements oontalnfld in samplf'a &ubmitted 
by the Clinton Laboratories heterogeneous pile program have been oontinued 
during this report perlod.o Separations made by extraoting oerium. from aqueous 
solutions with nitromethaneD nltroethane~ nitropropAne g chloroformp normal 
hoxyl aloOhol~ fltco were reported in the quarterly report 'of the Clinton 
Laboratories Chemistry Division r~r thfl months or June D July 9nd August (1)Q 
v.~ were unable,with a limited number or equilibrations to extract the cerium 
qUAntitatively into these organic solvents o 

The extraction of cerium and plutonium with benzene solutions of the 
chelate complexes thenoyl tritluoroaoetone (TTA) and tritluoro aoetyaoetone (TFA) 
haa been reported by 't'homae and Crandall (2)" Greenlee and Vif1nner (3) separated 
the +4 valence state of plutonlwn from other valence state a of this element by 
extraoting with TFAc The extraotion or oalcium and soandiumwith solutions 
01' 'l'TA was reported by 'J'ompk1ns and Broido (4) and oalculations to show the 
dependence ot the diatribution coefficients on the pR ot the aqueous phase 
were elao given~ Since TTA was readily available in thia laboratoY,yp the 
principal effort haa been expended to determine the conditions best Buited to 
the extraotion of cerium and plutonium wIth benzene solutions or this complex. 

studiea of the Extraction ot Cerium Actlvltl 

Survey experiments h~ve been oompleted to determine the pH or the 
aqueous phase and the concentration of TTA in the benaene phase best suited,to 
the quantitative extraction or cerium activity.. Sinoe accurate pH adjustment. 
are difficult and time .. conauming in routine /analytlcal praotice" it was desirable 
to determine the orltica'lity of the pH adjustment.. In these experiments I) cerie 
aetiYi~ WAS prepared by heating oerium traoer obtained from the radioisotope 
group (0 .. w .. Parker) with ammonium. peraulf'ate and dilute nitric aoid ... 'l'he 
oxidation of the oerium was shown to be complete by perfonning experIment, under 
similar conditions using macro quantities of cerous nitratec The tracer solution 
after preparationwa, then adjusted to the desired pH and equilibrated with 
5 " .olution ot 'lurA tor two minutes'o Aliquots ot the organio pha se were then 
evaporated and counted tor beta aotivityG The results (It these experiments 
are shown 1n ~able 1.0 Future work: will be concerned with determining the 
eftect ot 8~1l changes in the hydrogen ion concentration on the distribution. 
ooefficients (peroent extraction) for the pH range of' trom 4 to 6 0 

r.-Hudgeni;--;J .. Eo and ''.oore, Fo LO D JlonW .. ;S70j/ Septo(l 1941 (I 

2. !homal,. Jo 10 and CrandallD no Wo, CN=3133» Deo .... 19480 
3 0 . Greenlee. R. Woe and Winner, Be Mop CN~3616~ Feb~ 1941n 
4" 'l'ompkina9 'P .. COli and tJroidol> AOI} MonN",Sll,,' Junep 19470 
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Table 1 

~4 
Extraction or Ce with Benzene Solutions ot To 'f'1) A .. 

Extraotion 
CondItions 

Equal vol~ of 6 M 
ToToAo Solno -
2 MlnoEquil1brationa 

" u 
,n 

~ 

n 
It 

It 

1'1 

" n 

" 

pH 

0 .. 16 

0<>46 
0.,91 
1<146 
2'",23 
2091 
3,,41 
4<)01 

, 4 .. 50 
5 .. 04 
5 .. 38 
5090 

Ce Extracted 
(% or Ce aotivit'y added) 

Oe66 

1096 
2046 
6,,40 

52 .. 13 
10.10 
1.., 028 ' 
89094 
92024 
90 .. 02 
940 81 
82.68' 

The effect ot the concentwation or the TTA in the benzene solution on 
the distribution ooefficient was determined b.Y equilibratln~ ~!A benzene 
solutions ~t dltterent ooncentrations with equal volumes ,.,r cerium tracer .. 
The pH ot the ,solution betore equilibration was adjusted to 4 .. 5 pH unite and 
the 'fA Bclutlonequ111brated with the aqueous phase tor two mlnuteso A curve 
having'a relatively small slope was ~bta1ned and the greatest extraotion 
(hi~est 01'1 distribution coefficient) was observed at a !'f'A ooncentration of 

aq 
5 Mo A more aoourate detemination ot this eurn will be made in a f'orthonming 
e,q;erlment" ' 

F~ract1on at Plutonium Activity 
I 

The extraotion ot plutonium from aqueous solutions has been investigated " 
by crandall and Thomas (2) and these authors have given data and equations 
trom whioh distribution ocef'tlcients can be calculatado The investigations 
reported here were ther.fore limited to those necessary to make the extraction 
methode usable by the personnel charged with the responsibility ot performing 
tho analyses. As a first step, oxidation and reduotion experiments were performed 
to determine the ooncentration of oxidizing or reducing agents neoessary to 
reduce plutOnium. ~ aad to oxidize plutonium <1'3 to the extractable '<04' valenae 
state. IQoontradiotlon to the predicted behavlor~ plutonium tracer whidh had 
been boiled vigorously and alla-ed to stand overnlgpt with 0001 M potassium . 
dichrOJllllte containing 0(>5 M nitrio.Gcid. was extracted quantitatlvelyo 'l'he 
addition of hydroxylamine hydroohloride (0(12 M) or of hydrazine sulfate (0,,02 f.,) 
did not reduce the plutonium quantitatively to the non-oxtractable .3 valenee 
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state IJ while the addition of hydrogen peroxide (final aqueous solution 0090% 
H2C2) reduced the distribution coeffioient ~o to approximately 00250 

aq 
Since 80dium bi smuthate is 8 very effective oxidizing reagent for plutonium 
a solution 01' plutonium tracer (009 ~ nitrio acid) was boiled wi~h this reagent 
tor several minutes and then equilibrated ~1th a 6 M solution or TTA in 
bemeneo 't'he plutonium was quantitatively extraoteaeo From these experimenta 
it oan be ooncluded that under certain !,onditions the t6 valenoe state of 
plutonium 1s extraotable with the TTA 00 m-olex .. . . 

li'urtber experiments to establish the oonditions best suited to the 
extraotion ot plutonium activity from samples representative of those to be 
.submitted by the heterogeneous pile program will be performed and these ( 
results reported in the near tutUr80 

f' 
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4" TF£HNICAL S1l:RVICES TO CLINTON NATIONAL LABORATORY RliSEARCII GROUPS 
~----------------------------------------------

T. ]i.!. 

1. 

E~ectron Diffraction (L. To Nevman~ 

Corrosion P1lm on Aluminum 

In the experiments or R. Van Winkle (Sec.· 2, Tech. . 
Div.) on the beat transfer from aluminum tubes to hot deminer­
alized vater it is found that a film is formed on the surface 
of the aluminum, which lovers the heat transfer apprec1ab17. 
The film grovs rapidlJ' during the ~,irst fev da7s, but when it 
reaches a th1ckness ot the order of 1 to a few microns it' 
becomes reasonably protect1ve and grows ve~ slowly thereafter. 
It seemed worth wh1le to study the nature and structure of the 
f1lm, and to 1nvestigate the poss1b1l1ty of form1ng more su1table 
f1lms b7 pretreatment, or by altering the cond1tions, eog. pH. 

, Corros10n f1lms can be stripped fr~m aluminum surfaces 
by immersion in mercuric chloride solution (Xeller, J. of App. 
Physics, l~ 696, 1944) so it is possible to examine the films 
by optical and electron microscopy and electron dittractbn and, 
in the ease ot the thicker films, by x-ray diffraction. 

Briefly, the results ot such examinations are: 

(1) On the tubes as received trom the manufacturer 
there is a ~ilm of the order of 0.05 microns in th1ckness 
(estimated from resolut10n obtained 1n electron micrographs), 
which appears to consist mainly of amorphous material plus 
some smallcr,rstals, which do" not give a suff1ciently good 
d1ffraction pattern for sat1sfactorr identif1cation. This is 
in agreement with the literature which says that natural oxide 
films on aluminum are from 0.01 to 0.1 microns thick according 
to their age. ' 

(2) During the HF treatment, which has been used in 
cleaning tbe tubes tor the experiment, the old film .is removed, 
but a thin, amorphous film of the order'of 0.01 to 0.02 micron 
thickness forms quickly on ,reexposure to air. 

(3) . After exposure to the bot demineralized water 
for one day the film is much thicker, approximately 0.10 to 0.25 
microns. Since no lines are obtain~d by electrond1ttraction it 
must be presumed to be amorphous. 

(4) After exposure to the hot demineralized vater 
for longer periods the films are t90 thick for transmiss10n 
electron microscopy or d1ffraction and, because the films are 
electrical insulators, it is difficult to examine the tube sur­
tace by reflection electron diffraction without a loy voltage 
electron sp~ay. However, experiment shoved that these thicker 
f1lms could be-examined by x-ray diffraction and the material 
has been identified as small crystals ot boehm1te (see M. Bred1g, 
this report).. According to the l1terature this is the usual 
corrosion product when aluminum is exposed to hot vater. 
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Some preliminary experiments show that the thickness 
ot these films is of the order ot·l to a rev microns. 

(5) One 'tube was given a pretreatment consisting of 
heating in a 'steam bath in a weak dichromate solution for three 
weeks and this tube has given a rather 'remarkable performance, 
as compared to untreated tubes, in the heat transfer apparatus 
(see Sec. 2, Tech. Div. Report, Nox. 15). The film on a tube 
given this treatment vas only about as thick as that which forms 
natural17 in one day in the hot demineralized vater. It vas 
amorpholls in nature, as judged by the lack ot lines in the e­
lectron diffraction pattern. 

This experiment makes it seem vel"7 probable tb,at a 
more sat1~tactor1 film can be formed by pretreatment than that 
which 'arms naturally in the hot demineralized watero 

(6) A l1terature survey has shown that there ,are 
numerous ways ot forming films on aluminum for protection . 
. against corrosion, but in many cases the films appear to be too 
thick tor use in this particular application. There is the 
further consideration as to whether pretottbled films viII stand 
up for the required time (one month), especially i,n view of' the 
rapid flow ratso Since a variety ot properties are required in 
a satisfactory tilm, it vill probably require considerable ex­
perimentation to get the best compromise. 

(1) This york is discussed in more detail in CLM'-LNIIO. 

2. Berzllium Oxide 

About a dozen specimens have been examined in con­
nection with the Pover Pile Divis10n program. Results will be 
given at a later date when the experiments, 'Which these specimens .. 
illustrate, are completed. 

3. Resins Used· in Ion Exchanse Columns (CLM-LN#9, Sept. 26, 1947) 

Sinee particle Size, size distribution, and particle 
shape are factors which affect the use of these materials, a 
record ot the various resins ava1lable .is being used - see Fig. 2. 
Certain other faetors, sueh as colour, surface roughness, etc. are 
also being recorded since. they may be evIdence of structural 
changes w~ich affeet the exehange behaviour. 

A current theory of' the structure of these resins in 
that they contain eoarser channels lead1ng to suceessively tiner 
channels. Such channels vere sought by optieal microsc·ope ex- . 
amlnatlon of the original partieles and of polished sections. 
No evidence of' the existence ot such channels could be found, so 
that it they do exist, the largest of them must besmsller than 
could be resolved under the conditions of examination (approxl­
matel~ 1 m~cron). The transparency of the particles and absence 
of scattered light are also ev1deneethat the presence of such 
channel~ is ,unlikely. [therefore, unless there is good adsorption 
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evidence to the contrary, it seems best to regard the material 
as being of relatively uniform structure down to dimensions of 
the order of 1 micron at least, and probably smaller. 

4. Crud Formed in Solvent Extraction Process 

In the solvent extraction ot uranium, it is found 
that occasionally there is a tendency tor the column to plug 
on account of the format ton ot an emulsIon at the hexone~vater 
interface. 

MIcrographs demonstrating the presence ot the emulsion 
and ot the tilm formed by drying the emulsion have been taken. 

, (CLM-LN#7) Aug. 20, 1947 by T. E. Willmarth)o From the behaviour 
ot the film on drying it vas suggested that the troublesome ma­
terial was organic in nature, and that the relatively tev crystals 
observed had nothing to do with the trouble. Spectrum analyses 
ot some (not all) samples shoving very slight inorganic content 
confirms this viewo • 

Further york bas consisted in the examination of 
synthetic cruds. F. Bruce produced a synthetic crud which vas 
very dissimilar to the naturally-occurring type. J. Savolainen 
and A. de Rasn prepar9d a ti1m at a water-hexone 1nterface which 
vas amorphous in nature, about 0.1 micron thick, and with rather 
good mechanical propert ies. . It is obvious tha,t a small amount 
of material of this'nature eould cause a considerable amount of 
trouble. 
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Figure 1 

Micro~aphS of Aluminum Tubes and Corrosion Films StrIpped 
From em 

Note: 

(1) Prom the resolution obtainable in the electron 
micrographs it can be estimated that the film thickness 
(on the tube as received) 1s of the order ot 500 A. 

Atter HF treatment it 1s 100 to 200 A~ and'after one' 
day in the hot demineralized water it 1s 1000 tQ 2500 A. 
These values are not exact~ but are certainly ot the right 
order of magnltudeo 

(2) The magnIfications are i those given on the pr1nt, 
having been reduced in copying. 
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Figure 2 

Resins Used in Ion Exchange Columns 

Note: 

(1) In most cases the samples have been sized for use 
in exchange columns by sieving. 

(2) Partioles or Dowex 50 are spherical in shape, with 
a rather smooth surface. Some are quite transparent, and 
others opaque. They vary in colour through all the ~hades of 
brown to black, with a few being blue-black. The examination 
of fractured particles has shown that in some cases they are 
coloured more deeply at the surtace than in the interior. In 
a few cases hemi- spherlcal shells have been fOUnd atter 
fraoturing particles. Por these reasons they may not be en­
tirely uniform in structure. 

(3) The particles of colloidal Dovex 50 shown are aggre­
gates ot very small spheres (0.05 micron diameter), Which can 
be seen by electron microscopy. 

(4) The Amberlite IR-l resin consists of irregularly­
shaped fragments, probably produced by grinding. They are dark 
red in colour and coloured so deeply that only the very thinnes t 
fragments transmit any light. 
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X-!l§.Y DUf!'action (M.. 4. Bredig) 

1. Ttle design of the high-temperature oven for the x-ray spectro­
meter has been reoeiving increased attentlon" Ti~e Engineering Research ~hops 
are in the procJ;!!ls of preparing drawings in which the details of the construc­
tion will be brought outo There will be a water-cooled oylindrical metal hous­
ing of appraximately 5" diameter with two x-ray windows 1/211 high and 2ft long, 
corre spoQding to a Bragg angle range up' to 450 " . The housing will turn around 
the goniometer axis with the same speed as the ,sample.. It oan be evacuated, 
and oonsiderable space will be avail&ble to permit the mounting inside of beat­
ing element~ and sample,holders of a variety of shapes and types for various 
conditions and purpoaes~ 

The slit system of the x-ray tube ot the spectrometer was gligtltly 
altered so as to give max~ room to this heating device. 

Because of the large size of the windows, beryllium metal ot suffi­
Ciently low thickness will probably be mechanically unsuitable, and the attempt 
will be made to use thin fUms ot· cellophane or nylon, or the like, properly 
shielded from heat radiations by a very thin aluminum toil on one window, and by 

. a thin nickel foil on the qther one, which will simul 1.aneous1y serve to mono .. 
cbromatize the x-ray radiation of the copper target tube" With an indifferent 
gas filling, instead of the vacuum,' at somawl'.at lower temperatures, beryllium 
windows may be SQbst1tuted. 

A heating element which simultaneously serves tiS sample support was 
constructed (Figure 1). It was made almost entirely of graphite because of the 
outstanding combination of machining, electrical, and heat conductivity properties 
of this material. A solid wedge-shaped piece of grapl~i te, 1-1/211 high, 1" long, 
aud ,:}/8" to 518ft wide, has aD opening through its center, perpendicular to its 
largest faces, where the flat specimen will be inserted in a vertical positiono 
Three carbon resistor rods are inserted in three cylindrical channels, slightly 
wider than the rods, penetrating the graphite bl.oc.k. vertically.. 'Ihey are elec­
trically connected in aeries, with the graphite block at the bottom serving as 
electrical connection for tbe bottom ends ot two of them" The temperature will 
be measured with an optical pyrometer trained on the specimen.. At lower tempera'" 
tures a thermocouple might also be inserted in the carboll block wbich was found 
in preliminary tests, at approximately).)OOO C, with an enero illput of 500 watts, 
to glow with a rather uniform 'heat throughout, when inserted ~n an alundum tube 
with openings 'for the ,,-ray beams" ~ 

It is hoped that b;y. thus using carbon' a8 structural material even higher 
temperatures may be reacbed than in a furnace constructed with pltitinum ana cera­
mic material as recently described by van Valkenburg and J4cMurdie (~,atlu Bur" of 
btandards Journal of liesec.rch J§, 4l5"'41~ .. 1947) .. who by measurements at 15000 C 
have just confirmed the actaal occurrellce l' at high temperature, of, structural 
changes in a compound of the type 42.104 (Ca2,bi04)' that had been postulated from 
crystal-chemical considerations (}JI .. JL, Bredig, Journ" .l:'hysical Chem. /t2, 747 .. 64 
(1942) .. and A2, 537-53 (1945)). 
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The use of caz'bOD will also simplify the study 01 oarbides land other 
oO.l.Llpounds whioh would· readily react with e1 ther metals or ceramics. 

20 A _ spe c1men holder for use e.t room temperature with substances sensi­
tive to oomp~nents of the atmosphere, or Wliich are to be kept at certe.in eQuili­
brium vapor pressures of solutions, was designed and made out of lucite, as shown 
in,Figure 20 It conaists of three parts, of which the mid.41e one carries the pow­
der . specimen in a flat groove, exposing an even, amootb surface of e.pproximate1y 
1 cm2 to the x-rays. One other part carries a thin film ,ot polystyrene" or nylon, 
as a window easily penetrable by x-r8-Js even at low angles, of incidence. 'lhey are 
joined on a flat circular surface by stop-cook greast:, aa is the th1rrl part cover­
ing an opening in the back of the middle part, which c.n be filled ei tLer wi tb a 
drying agent, or a solution in equilibrium with the soUd substance of the speci­
me no 

As an alternative, or additional, arrangement- ... as the case 1181' re<i,uire ...... 
a cylindrical metal housing of 2-1/2" diameter with two thin polystyrene windows 
was attached to the specimen post of the gOniometer, enclOsing the post,. and turn­
iug with ito It is large enough to receive small open vessels conta1niug either 
drying agents or equilibrium. solutions? 

These devices proved useful in obtaining a powdar x=ray pattern of ex­
tremely h)'"groscopic potassium ruthenate (submitted b7 &10 Do bilvermanj, ioe. II 1n 
a case in which a sufficient amount of material was available to obviate the use, 
in a Dabye-bcherrer csmer~, of a thin glass capillary which is much more difficult 
to fill, in a dry-box, with a stiCkY powder such a& this, than the specimen holder 
described here" ' ' 

, ,3" Lead sulfate ... bar1wn sulf'ate coprecipitates hsd been observed by W • .I:i.. 
Baldwin alld J •. EQ tlavo1a1nen .. Technical Division, to occur in crystals of d1.t'1'erent 
habit undex' different conditions (lliloll.l.>I-330)" :"amples of lead sulfate preCipitated 
from nitrate solutions containing none, 5, and 25 mole percent of barium nitrate 
were submitted by J. ::'avolainen. 'lable 1 contains the eXpEJrimental data obtained 
from Debye-ocherrer films and spectrometer records. The precipitate from the 5 
mole percent barium solution did not show any measurable difference,from pure lead 
sul.f'ate, and any could hardly be expected in view 01 U.e comp&rbtively small effects 
obServed with the precipitate from the 25 mole percent solutiono Measurements were 
confined to the innermost reflections J because of their greater sharpness, even . 
though for geometrical reasons DUCL greater accuracy is usua1lYnobtained with larger 
Bragg 8.Ilgles. tedium chloride admtxed to the powuers served as internal standard" 

The prec1pi tate from the 25 mole percent barium solution showed the ortho­
rhombic type of crystal structure common to the pure compounds lead sulfate and 
barium sulfate, with lattice constants a::: 8 .. 51 ~ 001, b:: 5"J;,2,t 001, alld c = 6098 
~ ., 01 x 10-8 cm, molecular volume . 

V ::: ~ = 80,,49 x 10"'24 cm), 

slightly larger than thoae of pure lead sulfate, ao :: 8,,45 t .. 01, be ::: 5 .. 38 ! .. 01, 
·and Co :: 0 .. 93 !' .. 01 x 10"'8 CJn, Vo ;I 78",76 x 10"24 em3" 'Ille lattice constants ot 
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Lattice Spa~ings of' (Pb,Ba)S04 and PbS0
4 

(Pb.t 'SA.) SOJ. coprecipi tate LeAd SulfAte 
Prom spec- Il'rom spec- from 
trometer From trometer liter-
chart 'film chArt ature 
C:-IOI D-15 me.,n C-l22 dAta .meAn 

0 0 o. 0 '0 0 
A A. A A A A 

402J..5 4.250 4.248 ... 00.3 40225 4 .. ?2; 4 .. 225 ~ .000 
3,,810 3,,820 3,,815 ii <005 3,,790 3,,797 30793 ~ ,,004 
3,,490 30480 3,,485 ol: .. 005 30460 30464 3.462 6: .. 002 
3,,)40 )~345 3.3.43 :l ... OO3 3.,)20 3,,322 3,,)21 :1: .001 
),,2)0 3.225 30va :i: ,,003 3,,209 30207 ).,208 ~ 0001 
3.020 3.024 3~022 ~ 0002 30000 20996 ~,,99S ~ .002 
2,,775 . ? .. 777 ? .. 776 llII ,,001 20750 2~754 2.752'" ,,002 

. 2.700 2,,706 2,,703 ~ pOO) 20688 2 0 690 ' 2 .. 689 * 0001 
2 .. 640 2n632 2,,636 Iii ",004 2,920 2,613 20616 * .004 

: 

average '" ,,003 average 6 ,,002 
. 

,10% II ---- + -~ ~07% -..- - ----

ttlce 
~nsion 

in 
copreclpltate 

Percent 

.. 55 
e 58 
,,66 
066 
~62 
.,60 
.87 
~6J ' 
079 

average <69% , 
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pure barium sulfate are known as a = 8.898, b = 5,,448, and 0 = 7.170 x 10-8 em, 
V = Si. .. 90 x 10-24 cmJ. .tt.ccording to Vegard's law, postulating as a first approxi­
mation a 11near cbange in the unit cell size with cbaDge in composition of solid 
solutions of isomorphous substances, from which bowever e%ceptions have been round. 
and wt.ich may or mq not be valid in the present case, the :volume cba~e in the 
precipitate, of . 

80.~9 ... 78.76 x 100 = 2,,2% 
78.'16 

, 
a& compared with the difterence in the crystal lattices of the pure sulfates, of 

86090 - 78076 x 100 = 10. J'i> 
78~76 

would indicate that appro:x::imately 

22· 
...!- It 100 :::. 21" 5 mole percent of Ba~O 4 

100 .3 

were present in solid &olution with the Pb~4. 

~ince deviations from Vegardts law usually are in the form of a contrac­
tion, or of too small an increase in cell Size by substituting a larger ion euch 
as Ba·'" for Pb"'· J the result of the x-ray measurements indioates tbat essentially 
all of the barium of the hydrous solution waS precipitated with th~ lead &s a 
rather homogeneous solid solution. 

4~. I-ray patterns were obtained from various samples of magneSia cement 
mixtures submitted by To RockwelL A number of different crystal-phases could be 
distinguished. 'lhe results are now ,to be evaluated in the light of the extensive 
x-ray diffraction study of the MgO-Mg<.i12-h20 system by Feitknecht (helv. Chime 

. .&.Qta .. Z7, ·1480 ... 1501 (1944)) J and. shall be discussed in a later report. 

·50 .&nong several other, more or less incidental, problems dealt with 
during this period, a film formed in corrosion and heat transfer tests in the 
aluminum tubings {Van Winkle} Willa ident.ified in a :oebye~cherrer x=ray pattern· 
as 0<. .. AlOo OR, or "bI&hmi te, the usual product of corros:i.oIl of alumiIlWll. 'l'be aig'" 
nificance of this findir~ ia. discussed in L. To Newman1 6 detailed report on this 
subjecto 

" 
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»8"/elo ment and Construction of S ecial Instruments ( C. J o Borkowski and .:t, L 
Butenhoff PoAo CXll-5 

Develoement of ProRortional Counters for the Detection of Beta and GAmma 
Radiation 

Counters filled with methane and operated in the proportional region 
with gas amplifications or the order of 104 have ~ advantages over Geiger 
counters for detecting beta and gamma radiation. First, they are fast counters 
havinr, coincidence corrections of. only 103% per 105 counts per minut.~ \\<herei.l.S 
Geiger counter coincidence' correction is about 1.0% per 103 counts per minute. 
Thus it is possible with the proportional counter to count samples at rAtes of 
5 x 105 counts per .minute with only small coincidence corrections, This allows 
one to follow the decay of sources over many more half lifesthan is possible 
w:lth Geiger counters. Second, unlike the r.reiger counter" the counting charac­
teristics of the proportional counter are little influenced by cathode surfa.ce 
eohdltionso Third, due to the relatively low ga.s amplification compared to the 
Geiger counter fev/er molecules are decomposed in each discharge, conseouent.ly 
the llfe of a proportional counter with respect to the total number of counts 
Accumulated by it shou)d be at least 100 times that of the Geiger counter, 
Figure 1 gives the results of A life test on a mica window counter h~ving a 
7 ffiilcenter wire and filled with methane to a pressure of 20 cm. Hg And oper­
ated as a proportionAl counter. A UX2 source giving 2 x 105 counts per minute 
in tI~e counter was ueed to accumulate a total of :3 x 109 counts, It is Cl..PJ.'ar­
ent fTom this figure that no significant change in the counter chara.c~eristlcB 
occurred~ Sever.al other counters were tested in a similar manner with the aame 
results. A life ot 1012 counts for a permanently filled methAne proportional 
counter is not at all unreasonable~ . 

l\ comparison of counter chAracteristics in the proportlonAJ. Md Gaiger 
regions was ohtnined by counting a standard U12 beta source with a counter which 
was operat.ed flrst as a Geiger counter And the same counter as a proporLiol,al 
counter, An argon - butane m.1xture at 12 cm. Hg was used as the count.er Gas t'or 
the Geiger re~don" Methane at 20 em. Hg was used tor the proportional regi·.:m. 
counting rates of 7900 clm and 8900 elm were obtained in the Geiger and propor­
tional regions respectively, Applying the usual 1,,5% per 1000 elm coincidence 
correction t.o 7900 clm gives 8850 elm which is inclose agreement with the 'WOO 
clm observed wi.th the proportional counter, From these results we mAy qu~li.ta~ 
tively conclude that the proportional counter has the same beta counting ~ff1~ 
ciency as a Ceiger counter. 

The operating voltage for a mica end window counter with a one in~h 
diameter cathode,' seven mil center wire and filled with methane to a pre~~ure. 
of 20 em. Hg was 25:)0 volts, ~ith a 3 mil center wire the operating voltuge 
was 2250 volts; in both cases the pluteau length was 200 voltsn 

The continuo~s tlow methanp :leta propqrtional counter which was de­
scribed previousfY (Yon ~!-JIllJ has now been in use for eight months with no 
change in c~aracteristics9 A UX2 standArd has beenrcoUnted daily in this count­
er with a day today reproducibilitY of 1%, the statistical error. S~nce the 
source is placed directly in the $ensitive volume of t~e counter extremel~ low 

(;, 
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energy electrons, as well as high, CAn be counted with A counting yielct as 
high 8.870% for thin sAmrles on plAtinum" This counter has also been used 
for obtAining Aluminum Absorption curves for soft electrons and X-rAYS. 

In order to determine the coincidence correction of the continuous 
flow beta proportional. counter the paired SAmpl.e technique was used" 

Three groups of paired SAmples were used" The members of the SAm­
ple J'mlrs Are' CAlled If A II ;md "B" And are countect in the following manner: 
"A" sepArately, "A" and liB" together (m)ll "Bn separately. The coincidence 
correction on C is obtained from the eouation: 

C iI!:t 
A+B-AB 

x 105 :AE2 _ (A2 .. B2) 

C is expressed as the percentAge correction per 1000 counts per minute,. 

Pair -
1 

2 

.3 

A 

)7,,0),4 

19~21) 

120518 

Results 

AD 

74,,384 

.38.019 

22~217 

B 

37,,71; 

180984 

9 .. 782 

c 

0~012 

0 .. 01.3 

0 0 014 

The above data indicate that the coincidence correction tor this 
beta proportional counter is about 1.3% per lOOjOOO counts per minute And 
is linear over a wide rAnge of counting rAtes u 

--~~-~-~~------~---------~---~-----~--~---~------~--~------------------~-

SubstAniAl progress hAS been mAde in developing A COmpACt 60 
cycle dynamic condenser electrometer which CAD be eAsily constructed in the 
machine ehopq Sufficient ouantity of these will be ~de to replace all Beck­
man And F P - 54 DnCe amplifierso 
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Develnpment And Construction of Alpha-Countins Enuipment~ (Ju H. PArsons) 
P"A~ CXll-4 

ytfferential Displacement Pulse Analyser 

The sweep type differential analyser has been described in reports 
~:fon N-3l1 ~nd ~~on C-416" This anAlyser was primarily designed for MalyticA.l 
work where the ~mount of mAteriAl 1n the sample CAn be control~ed to have ~ 
disintegration rAte between 200 and 20,000 alphats per minute v If samples Are 
encountered whose rate 1s below this, ~ multichannel Analyser can be used, 
The multichannel analyser hAs several disadvantages AS shown in the above m~n­
tioned reportsQ 

l\ new type of H.fiAlyser has been d.eveloped that will handle the ] O't~ 
rate samples ~nd in addition has the following advant~ges. 

10 EssentiAlly 100% ~tilizat1on of pulses from Rmp~ifier 

2. Low ooincidence loss 

3" Pulse height mep-SUI ament is very precise 

4,- A permanent record is obt,qincu 

The analyser operation is' shown in block diAgram in Figure one. The 
chamber and amplifier are the SAme 

- -I 
- -

Chamber Amplifier - Pulse. 
Integrator 

'- .I -r -.--
---i iie4y I 

1 

Shorter I 
~8cillOSO~~ 

Multlvlbrator 

rvVV± '\NV'1 
f T -I 

'. .. ~ / 
•• •• ~- - ... _.L ___ 4 
.uU;,elUU,1I3 ~Uv .. :"'. 

.1---

Figure 1 

;.,' 
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as in'previous units" The pulse inteRrator sUFplies A voltli.ge whose,au...g­
nitude is proportional to the energy of the out put pulse from the amplifier. 
The dur~tion of this transient is controlled by the multivibr~toras sho~n 
lnter~ This tr~sient positions the beam of An oscilloscope.. The position 
is a me.:.tsure of the energyo , The IIlUltivibrator is tripped after th~ voltAt;e 
from thc'pulse integrator is const.:mt. This generA-tea snUCi.re \\~ye intensii'ies 
the oscilloscope beam, moves the bea.m in a vertical trAce, and in returning 
to a str;;.ble position discharges the pulse integr<'.l.tor .. rru.Jcing the system re.;J.dy 
for the reset pUlse, 

A time exposure photoerA,ph of the oscilloscope screen would reveal 
a distribution of energy where positiqn is a measure of energy Wla density a 
measure of numbe'r. '!'his nega.tive may be rea.d by A densitometer Q 

One very simple unit of this type has been tried and experiments 
show that there are no insoluble prohlems" Detailed design will be studied 
in the neAr future~ 

\ ' 
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Analytical Service Groups 

SWIIllal7 ot Arialzses !lade by Analytical Service GrouP! 
August 12' 124'Z to NovC!1ber 15, 19l.t7 

Health 
Group Tech. Prod" Chem" PhYSics PhYsics Medical Misc" Total 

1200 Area 
Control I 4400 - - - - - - 4400 

1,00 Arfl& 
Control 682 ... 456 - - - - llJ8 

\'\ater 
Analyses 820 ... 9 . - - - 12 841 . 
Radiochemo 
Analyses 247 - 132 - 18 - - 397 

General 
Ionic 
Analyses 165 .- 6 1 - "" lJ, 186 

Hadiois0-
. tope Analo: 

Radiochem ... - .3955 205 - - - - 1.160 
Ionic - 686 .35 - - - - 721 

Spectro-
graphic 
Lab" : 

Qllal" 24 57 195 . 44 _ - 2 6 .328 
Quan. 11 - 4 ---1!. - 20 -.! 47 - - ~ - -

Totala 6.349 4698 '1042 49 18 22 40 12,218 

1200 Area Control Group (E. J .. Frederick, \V" T. Uulllns, Ho A. Parker, J. N .. Weeks) 

During this quarter the group waG expanded. to a total at tive techni­
cal and twenty-eight non-technical personnel to handle the analyses tor' the 
25 pUot plant" This pilot plant started prellluinary operations about November 
1, 1947 and expects to be in lull operation soon. The ·present personnel seems 
to be adequate tor the expected load from the pilot plant ond the .8m-'works. 

1,00 Area Control Gro'92 (L. T. Corbin, G. R .. Wilson) 

The present personnel eonaists ot t\'U) tec,hnical and !'i~/e non-technical 
personnelo There has been little change in t.he analytical. load in this period 
and the present personnel seems to be adeqUate" . 
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~~'ater Analysis Groue (J 0 H.. Edgerton, F 4 J •. 1Jiller) 

Three non-technical people were added. to tilis group in this quarter. 
These, with the tVJO t.echnicnJ. men, SCt:J:l to be capa.ble of handlin,t~ the present 
loud which cot.les prLi£lrlly from corrosion studies in tile Technical Division" 

General Radioche;;lical Anal:rses (C. L. Burros, O. M~ Bizzell, J. Do Gile) 

The addition of two laboratory technicians brings the persoMcl of 
this eroup to a total of three tec,nical and four non-technical people.. Thi.s 
seems to be adequate for the present load, the major part of which consists 
of fission product analyses for decontamincttion studies being made in the 
various groups \'/orking on the 25 processo 

General Ionic Analyses' (D .. Eo LaValle, Eo Wo 1.~ilamJl W. ',;olkowitz) 

This grOup, with a personnel of three teChnical and one non-teChnical 
persons, is considerably unrierstafft-d for the nllr.lber of sWilples now cornine in. 
This group has the res!=>onsipility for rout,$-ne alu::tinu.'l-uranium alloy analyses 
and organic cor.wustion analyses as well as for all types of non-routine ionic 
analys eEl 0 

(S. A., Reynolds, R. H. Powell, G. W .. Leddicotte, 
Radioisotope Analysis Group D. I. Gilbert·, JoG. Gill, To G. Harmon, \10 So Lyon" 

Eo 10 Wyatt, C. Mo Goolsby) • 
This eroup, at present, has eleven technica.l and twenty-one non­

technical people" It is expected that this r;roup . will continue to expn.'1d as' 
tile needs of tile radioisotope production progr~ increase" 

The eroup is devotine considerable ti."!le\'o the developt:lent of met.lods 
and has completed work on the following: . 

Ca45, ionic calcium, carbonate and ;noisture on CaC0:3 product; 
Solubility of Na2Cr2D? in conc Q HN0:3. 

hork is c· ... ntinuing on methods for the following el<nents: 

Ti, Os, \., Se, Tl, Co, 5r, Ta, Hr., 
Ru, Zn, K) Cl, Ag, Ni, Fe9 

In addition to analyses for regular production requirl)!r.ents, analyti-
cal. assistance has been l?ven on the develop:lent of the followinG processes: 

Fission-product iodine 
ca45 froa Sc 
Fe59 trora Co 
pJ2 froll S (acetic acid extraction) and from P~5 
Cb95 
Resin colu::m fission-product process 

~ectroGraphic Laboratory (C. Feldman, A. Jo Estepp, tAo Murray) 

'ftle present rersonnel of this {,:roup consists of three technical peo!)le. 
This will be increased by one when clearance for an additional person has been 
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completed~ In addition to t. he regular qualitative tind quanti tn t.1 ve analyses .. 
the followine development problems were st.udied:· 

1.' A sparking chamber of new desie;n for hot samples was put into 
operatiorto This chamber makes it unnecessar:: to handle hot samples in the 
open, und 8impllf~es optic:U. adjust;nents~ 

2. The slit jlnyS of the Jarrel-Ash instrument, found to be defeetiYe, 
were ro-lapped by Do Hol~omb" Lens and source poisitions were worked out for 
obtaining ma.xir:1um illur,ti.nation ,;hile focusslrlG on slit or ;ri.rror, usine 8?heri­

" cal or cylindrical optics .. 

:3.. Sensitivity ILlite were established for the follo~'iing elc;,lents by 
the porous cup technique: 

Element Medium Sensitivitl ~ ppml 
" Ce lot H~04 25 

.l:.r " II :3 
L1 If II 25 

4.. A procedure was devis'ed for estLwting· the concentration of an 
i:npurity spectrographically L'lhen no base material free of that L.lpurity is 
available for standardso The procedure is based on the assU'ilption th~t the 
exponent n in the equation Intensity (Y.;. (conen.)n is known .. 

• 
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REPORTS ISSUED BY THE CHEUISTRY DMSION 

SEPTEMBER. OCTOBER, NOW.mER, 194:Z 

c;l4 Tracer Studies 1n the' Rearrangenent of Phenylglyoxal 
to Mandelic Acid 

o. K. Neville and W" G.. Brown 

Equations for Column Calculations 
F. T. Miles 

Report ot the Chemistry DiVision for the Months June, 
July and AUgust, 1947 
J. R. Cae and E. H .. Taylor 

Quantum Corrections to the Thermodynamic Properties of 
L:iQ.uids. with Application to Neon' 

0" K. Rice 

Electrodeposition ot Micro Amounts of Ur~nium on a 
Cathode ot Small Area 
F" T. Bonner 

F1:xation of Nitrogen by PUe Radiation and Acid 
Formation in the A.rgonne Pile . 

A. 0 .. Allen,. T. IV .. Davis and C. J. Hochanadel . 

A Table ot Radioactive Isotopes Arranged According to 
HalfLlvee 
J. w .. Jonea and H. M. Clark 

The Detemination ot Trace A:l.ounta of E1ero.ants by 
Radioacti vation Analysis 

H. 14. Clark and R. T. Overman 

A Micro calorimeter and the Measurement of the Decay 
Energy ot Phosphorus32 . • 

c. V .. Cannon and G. K .. Jenks 

S~ration ot Radium trom Barium by the Use ot an 
Ion-Exchange ColUinnProc edure 

E .. R. Toapldns 



e 

e 

-

-lA9= 

PAt>ERS PRESENTED BY l~ERS OF THE CHJI~~f.ISTRY DIVISION . -
American Chemical Society Meeting, September 15-20, 19~7 

The Application of Ion Exchange _ to the Separation of yttrium. 
Group Rare Earths 
B.. H.. Ketelle 

Absolute Beta Counting Using End-\~indow Geiger~MUller Counter 
~~ , 
to R. ZUllWalt 

Determination ot Trace Amounts.ot Elements by Radioactivation 
Analysis . 

R.. T" Oveman and Ii.. M.. Clark 

Radiochemistry, a Growing Field ot Specialization 

R. T" Overman and H .. M. Clark 

The· SynthesiS of Phenanthrene-=9-C14 

Co J 0 Collins and Wo G. Brown 

Ion Exchange 8S a Sepa.rations Method:. 

10 The Separation of Fission Produced Radioisotopes, 
Including Individual Rare Earths) by Complexing 
Elution fran Amberli te Resina 

E~ R. Tompkins" J. X. Khym and Wo E. Cohn 

III. F.quillbrium Studies of the Reactions of Rare Earth 
COIllplexes with Synthetic Ion-Exchanse Resine 

l!;. Ho Tompkins and S. W. Mayer. . 

IV. A Theoretical AnalYSis of the ColUtDfl Separations 
Process 
E. R. Tompkins and S.. w. Mayer 

Laboratory Handling of Radioacti va lIsterial: Pz"Otection of 
Personnel and Equipnent 

P.. C ... Tompkins 

The Pile Production of Radioactive Isotopes 

\'i .. Eo Cohn 



• 

e 

a 

-1$0= 

PAPJ!;RS PIlliSENTED BY lmMBERS OF THE CHE!.1ISTRY DIVISION 
~ 

General Information 14eet1n&, October 13-15 a 1947 

Decomposition of .:atar am Aqueous Solutions by Pile Radiation 
A. O. Allen, J .. Boyle, To \V. Davis. ,', '. ~. 
J .. Ao Ghonnleyand C. J. Hochanad4U 

Hydrolytic Behavior of Uranium (IV) 
K. A. Kraus and F. Nelscm 

" 

. , 
; 

Some Aspects of the Hydrolytic Behayi?l:" o.:.f.~ the :,jActinide" Series 
K~ A. Kraus and F. Nelson . 

The Separation ot Heavy Elements by Ion. Exchange 
SoW. Mayer 

Phase Relationships in the System Uranyl Sulfate-:-tVatel" 
C. Ho Secoy 

8-Dlpheny1thio~ea as a Camplexing Agent for Ruthenium 
Go Do Calkins 

Calibration or Gamm.8. Ion Chamber U sed in X PUe Flux Determination 
J. W. Jones and R.. T. Overman 

. 
Activation Measurement of the Epi-Gad'!dum Flux in the X Pile 
J. W. Jones, H. M. Clark and R. '!\ Overman 

The Anomalous Distribution of Ruthenium 
. G. R.. Bo Elliott 
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