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The metalsampleis dissolvedin a sllghtCIxcessof 6N R& The

boronis distilled

.EEapOratiOnof the

as methylboratein a speciallydesigned@artz still.

excessmethanolis made on a steambath In an atmosphere

of nitrogen. The boronis estimatedcolorlm.etricallyusingNaftel’sourcumin

&rOcedure

detection

fiodii!iedto fit tha quantitiesOf boroninvolved. The raxlgoor

and estimationis from 0005microgramsto 0e5 microgramsof borone
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COLORIM.ETRIClMTERhlINATIONOF BORONIN PLUTONIUMb=

IhTROl)UCTION

This reportis a supplementto the longerand more ger.tsralReport

LW-303 , whichtreatsthe determinationof bhron in variousmatertala. In

f’sot,sone Of thework discussedin the generalreport,suchas the analysis

of’uranium,was carriedoutwith the ideaof applyinga similarmethodto

plutoniummetal.1 ActuRllyit was possibleto use identioalmethcxlsof analysis

for thesetwo metals. Sincethe same apparatus,prooedureand techniquewere

usedhere.detaileddescriptionswill not be givenexceptin the oasesof

autud changesin the prooedure.For detaileddescriptionsof apparatus,

proceduresfor distillation,evaporationand colordevelopment,and also for

&?UNX!alprecautionsto be observed,the resder is referredto the g~nerel

boron reportmentionedabove.

13.EAGW’I’SAND AJ+pM~

Followingare listedthe keagents~their purificationapd conditionsof

8t0rage: /

Dirjtilledw tgJ& Distillationfrom a doubleBarnstedi6tillwes fcnmdto pro-

duoewater sufficientlylow In boron. It was storedin a quartzbottle. U’s

hcwever,distiUed waterfrom sucha sourceis not sufficientlylow in boron

it shouldbe made slightlyalkalinewith sodiumhydroxideand redistilled

througha quartz@tillequippd with em effiolentaJWaYtXaP.

Calciumh??droxide. OdJ’JSUSDellsloqo Thiswas preparedby adding 0.60g

boron-freecaloiurametal* to 200 ml distilledwater and ~ki~ UP to 250 ml
●s.e*8.**.. .-..--*.-._-&—mm—,p

* Calciummetalessentially~”re~}~rom~oo$cq‘*asC!btsizmd fromthe LlectrO -
k9tallur@cal
a moltmbtith
retorte
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ih a Cuartzvolumetricflask. A very-fine-grainedsuspensionQf Ca(Oli)2

resulted when calciuInmetalgroundto -20 to +80 Uieshwas S1OW1Yadded to

thewater. The suspensionwas kept stoppered,slmkenwell beforeuslngOand

diaoerdedafterthreedays.

hlethanol.absolute. M 2ont’smethanolwas redistilledfrom sodiumhydroxide

in a quartzstillequippedwith an efficientspraytrap; it was storedIn

Corning 728 glasaor quartzbottles.

Hydroahlorlu@q&d. 6M. Bake~’aconcentrateda.p.acidwas foundsuff~ciently

free from boron. !%en removedfrom the Oripinalbottleit was storedin quertz

bottles. The concentratedacidwas dilutedwith distilledwater and storedin

quartzbottles.

. Ethylalcohol.95 rwrcento Thiswas redistilledfrom stiiumhydroxidein a

quartz still and storedin Corning ?28 gkse or quartz.
.

CU.rcunml, 0.1 percentin 95. percen%e%hylalcohol. 0,25 g Eastmants

best gzudeof curcumin ma dissolved in 250 ml 95 percentethylalcoholand

the solutionkept in a Corning 728 glassflask.

oxalicacid,15 peroentsolutionof C.P. crystalsin distilledwater. A 8tOuk

sOIUtiOxl W8S made by dissolvi~ 35*7 ~

to 250 ml with quartz-distilledwater.

250 ml contained 1 miorograftiof boron

in quartzflasks.

of cop.H3B03 crystalsand diluting

10 ml of s%ocksolutiondilutedto

pop mi. Both sOhltlOXMwere StOr@d

A completede80riptiOnof tha fused-quartzstillsand all othexadditional

appsmxtusie given in Report

Coleman UniversalMXtel 11

photometerwas equippedw$$
be
● -be

●

LA-303. The”only change to be notedis in tb8

S&ectrO@otmleter. For this @alysls# the speutxo-

&“”$~#o-o$r”~tt~carriersnd BeckmanCorex
●9 ● ●O**

● 9**
●0:8**●*O9**●e

● ● ● O* f’ ● o 9*

● *em ● C: ..*

8 ● 00 ● *6*
● ● 0 ● 0oa

● :.: .● ●*9 ● O,

● * ● 00 ● a I

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



..
● O ● 00 ● 9*
● 00 ●°0 : ● .m
● 0000 ● **
● *O* : ● **
● O* ● a. ●*O:
90 ● * ● *888*

● ☛ ● *O ● 00 ● m. ● ** ● *
● eee9

● *** ●0::
● * :0● :0 ● *

.0● : ●:0:**● m

-5-

.

.

,

.

ouvetteshavinga l.00-om lightpath.

ANMXTSCA.LPROOXJXJRE

1. Prcqarattonof’tllsStand- CUrV60

It was anticipatedthat the analysisof’plutontummetalfor boronwould

involvequitesmallquantitiesof boronbeeauseO (1) the amountof mstal
.

availablefor sampleswouldbe smallanda (2) the desiredboroncontentof

metalwouldbe low. Fox thesereasonait seemedadvisable%0 incxeasethe

sensitivityfor s@J quantitiesof borong Thiswa6 doneby reducingthe

the

volumeof the finalsolutionto 3 ml beforeestimatingthe opticaldensity.

Thisnecessitateduai~ smallerouvettesthandasoribedin ReportLA-303.

ThiEImodificationIn procedure@vo a ZLewstandardcurvewith speoifioextinction

value 2.1. The procedurefor preparingsucha standardcurvewas as follows:

2.5ml of freshlyprepa~~d O.lN Ca(OH)2 suspensionwas addedto

each of four platinumdishesof 40@l capaoity. TO Successive@adrUplicate

sets of dishescontainingthisbasewere aiideilOS 0.058 O.lO@ 0.150

0.200 0.25 and 0.30 microgramsof boronas boricacid, (standardboric

aoid solution). The contentsof eaahdishwas avaprated to drynessin m

atmosphereof nftrogenOn a steambath aM allowodto cOo10 Immediately

tO the UontentsOf eachQiahwas addeda {1) 0~25 ml 6N HC1 and thedish

ewirledgentlyto di6sOlVf3 all xweidueo (2) 0Y50 ml 0.1 ~oroentcurcumiss

in 95 peroentalcohol~ (3) 0.50 ml 15 p@rcentOxalicacid and the dish

swirledagainfor finalmtxhg~ Tha disheswere QIQcadin the dryi~ mm

descxibedinl.?.eport$A-303 ati heatedtor 30 minutesbeyonddryingat a

temperatureof The dish~seworethenremovedand allowedtQ cool.55°* 3*C:..0.●0
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was quantitativelyextractedf’romeach residuewith 95 peroent

the solutionfilteredthrougha m8diuro-porositysintered-

a 3.ml volunmtricj?lask.Bind.dilutionto 3 ml was made

with addltiond alooho10 Each solutionwas transf&red to a Bac@an Corex .

ouvettehavinga lightpath of 1.00om. The uuvetteawere placedin the side

carrierand the opticaldensityreadOn the ColemanMdel 11 Spectrophoto-

mater at a wave lengthof 540~~~.. The referencesolutionwas 95 peroent

ethylalcohol. The average0s?the opticaldensityvaluesl?orthe four or more

determinationsfor eachconcentrationof boronwas plottedagainstmicrograms

of addedboronpresent~ Table I showsthe readings obtainedand Fig.

the resultingstandardcurveo
,

Concentration- OpticalDensityData

Miorogremsof BoronPresent

o 0.05 0010 0,15 0.20 0.25 0.30
—. A

0.055 00193 0.256 0.363 0.460 00571 0.700

1

0.063 0.156 0.2S6 0.405 00445 00601 00715

00053 0.169 0.262 00400 0.408 0.570 0.714

0.070 0.180 0.269 0.370 0.440 005’7 00673

0.082 Oc.165 0ci264 0.448 0.692
,

0.052 0,M4 0.289 0.466 0.680

0.190 0.260 0.479

0.063 0.172 0.271 0e385 0.458 0.577 0;696

● n 90* ● a ● ●
● 9**. ● :0
● e ●● 00: : ●:00
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20 Purityof Reagents.

Sinoe it was desirableto employas pure reagentsE@ possibleO it was

necessaryto determinea ‘totalreagentblankneaoh timea new lot Of any one

reagentwas preparedor used. Xt was also necessaryto knowwhet portionof

the total

the boron

oausinga
.

opticaldensitywas contributedby the reagentsin orderto calculate

presentin a f3ampleoSeriousuontami&tionof fineor more rea~tuts~

Mgh opttoaldensityfor the “tote reagentblank”Onecemitkted

oheakingindividual

8ourcef3or reagents

individualreagents

reagentsfor purity. Thishappenedinfrequentlyoncesuitable

were obtainedq Descriptionof proceduma for checking

are given in Report LA-3030

The totalreagentblankwaa determinedas follows; The apparatuswas

the sameaa desoribedin Report IA-303P 0.25 ml 6N HC1 was pipetted

intosaah of the four quartzdistllllneflaaks. 8 to 10 ml purified

methanolwas addedto eachand the flasksimmediatelyconneatedto the condensers.

45 ml purifiedmethanolwas distilledthrougheach flaskaM collectedin 2.5

ml .lliCa(OH)2 which had been pipettedintoa 50-ml quartzbeaker. The

receivingbeakerwas placedin the oarbondioxide-freeatmosphereas described

in Report &k-303.

Immediatelyaftercompletionof distillationeachbeaker.containing

the distillatewas placedon the steambath and evaporatedto drynessin an

atmospherefrsefrom oarbondioxide(nitrogengaa was used).

The uolordevelopmentand estimation of the Opticaldenaitywere carried

out

3.

exactlyas desarlbedon page 6 of this report.

Analysisof the sample. ~
● 0 ● ee ● * , ●

The metalwas out~i~t~~pikces~o?~a~roximately 50 w weightafter
●0 ●*O●:. ..: .:. ..
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.

Of metalwere placedin a tungstenbasketwhich servedas the

electrolyticoell containinga solutionof 50 percentsyrupy

cathodein an

phosphoricaoid

and W p8raentathyleneglycola$ electrolyte.Platinumwire servedas the

anodeo A currentwas passedfor eeveralsecondswhich reducedthe oxide.

The piecesof mertalwererinsedIn concentratednitricaoid,then inwater and

finallyin acetoneand allowedto dry.

The metalpieceswerewei$hedand addedto 0.2!5ml 6NHC1 in the

distillin$flasks. Energeticdissolvingaationof the acid liberatedsome heat

althoughonlya very smellportion Of the distillingflaskbecamewarm to

the touoh. Experimentsindicatedinsufficientheatwas generatedto oauselo&

of boronthroughvolatilization.-Fiveminutesor leeswas uf3uallysufficient

timefor the sampleto diosolve.

Afterdissolvingthe samples 8 to 10 ml purifiedmethanolwas added

to eachdistillingflaskwhiahwas immediatelyconnmted to the condenser.

45 ml purifiedmethanolvfasdistilledthroughthe distillationflaskakeeping.

the volumein the flaskpracticallyconstant. The distillatewas caughtia

2,5 ml O.lN Ca(OH)2 suspensionin a 50-ml quartzbeaker.

beakerwa~ kept in an atmospherefree from oarbOndiox’ideo

Completionof diBtillatiOnaOVepOratiOXlwas made on a steam

The reoeivlnig

Immediatelyupon

bath in an atmoa-

pheraof nitrogeni Afterdrynesswas reachedeach

development.extractionof aOlorand estimationof

out as describedaboveOpage 6.

Opticaldeusitywere uarrle&

EXP3SRIMEWYALRESUL!D5

Duringthe earlystagesof theworkeuraniummetalWBS used as a ‘stand
● ☛ ● ☛☛ J*

inm for plutonium. Tab:e~I~~ ~hi~~”%ez@jyoduood(inpart)from Report M-303
● o**m

“0:: :::‘“”*●mm● b ● ab ● 00
● ●*9 b ● ● O*
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Teblo XI

Recoveryof BoronFrom Ura@ Chlorid~ tions

Added,BororiO~iCr0Wam8 b.05 0.1 0.2 003 0.4 005

-. 70 91 90 97 94 87

106 ‘?9 90 92 91 91

kenoentRecovery of 66 89 94 91 97 9!5
Boron

90 79 87 87 88 86

66

98

70
—..

Numberof Determinations 7 4 4 4 4 4

AslthmeticelMean.percent 61 83 90 92 93 90

AverageDevia%ionfrORI
the bban~percent 15 5 2 3 3 3

.— 1

The data indicatesmallerand more erretiorecoveriesin case of

0.05 microgrms Of addedboron thanfor lax?geram~t~.
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showsthe

work that

Wtal was

untilthe

recoveriesobtainedfor addedqumtities of boron. The experimental

led to thedata in Table 11 was as fol,lows: 10 g of uranium

addedto 8 ml concentratedEIC1. H202 (30percent) was added

oxidewas dissolved~by conversionto uranylchlorideo An additional

9 ml of concentratedHC1

centrated ZK1. Distilled

1 ml, containing 100ing

was addedto providean exaessof 10 ml of con-

waterwaa addedto make a finalvolumeOf 100 ml.

uraniumas U02CX8 and 0.1 ml concentratedHC1

in @xcossawas pipettedinto thedistillationflask.tho boronaddedin the form

of boriuacid$ (stalxhrdboricacid rjolution)Oand diatillationOevaporation,and

colordevelopmentcarriedout as describedaboveePa& 6.

Simi&irexpe.rimen~swere carriedout oh recoveryof addedboronfrom

s solutionsof plutoniumtri-chloride.The metalsamplsoVJt3i$hi~g between 20

and 80 rnilligramsoand preperedas describedon pages 8 and 90 we6 added
,

to 0.20ml 6N Ml in the distillationflask. After the samplebad completely

dissolved,boronwas added in the form of boric acid (standardboricecid

solution).Distillationof metheno10evaporationand colordevelopmentwereI

carriedout as previouslydescribed. Table 111 showsthe data obtained.

Table 111 containsall the data so far obtainedon the reooveryof

addedboronfromylutoniumsolutions No data have beendlsoarded. ‘l’here
.

seemedto be no correlationbetweensize of sampleMM percentrecovery. As

in the case for uranium (’Table11)0 the racoveryobtainedfor 0.05 ~iorogrems

of &ldedboroneeemsdto be Smallerand IUOzW erratic ‘than fOr larger@ZOWIt8.

In the ease of 0.05microgramsof

of the methodwas involvedbocauso

was two or threetimesas $“+&l~a”~
● e..

addedboron,lmwover~a ratherseveretest

tho boronaorrtentof the plutoniummetaz

thdd~ol~ntof boronadded. The possibility
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Recoveryof BoronFrom PlutoniumChlozideSolutions
.

r

AddedBoroncMicrograms 0.05 0.1 0015..~,

76 93 85 86

56 104 83 95
PercentRecoveryof Boron

82 95 85 85

108 107 100 66

I
68

108

114 .

64

NumberOf Determinations 8 4 4 4

ArithmeticalMeanO percent 84 100 88 83

AverageDeviatiOn
from the MeanOperoent 19 6 6 8

— #

of 0005 wierOgrafisOa reduotionof the dimensionsof the stilh as well as

the volumeo.fmethanolwould increasethe recoveryfactor~
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