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UNc~AsslFIED

CHENISTRYAND METALLURGYDIVISION

ANALYTICALGROUP

CharlesF. Metz, GroupLeader

ABSTRACT

The new methoddiffersikm previousonesin using-ither high
vacuumnor inductionheating. Samplesare burredin a stream
of oxygenat atmosphericpressure,and the carbondioxideis con.
densedin a capillarytrapandmeasuredwith a capillsrymanometer.
Aboutthir~-two determinationscan be made in an eighl+hourday.
Precisionis about3 ppm on a 100-mgsample,and uniformplutonium
samplesgiveconsistentresultswith an averagedeviationof ~ ppm.
Themthod is usefulalsofor carbonin nickelfoil,uraxxhmaand steel.
The capillarytrapcan be appliedto oqgen determinationsby using
argonas a carriergas.
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UNCLASSIFIED
INTRODUCTION

For the determinationof carbonh plutonium,themicrogasometric

(lowpressurecombustion)methodhas beenpreferredbecauseof high

sensitivity,smallsamplesize,and relativesafety. Suchmethods

customarilyinvolvethe combustionof the samplein an induction-

heatedplati.numcrucible,i.no~gen atilowpressure(a fewcm). ‘l%s

carbondioxideproducedmay be separatedand determinedby chemical

absorptiont1$2), or by condensationwith liquidnitrogenand measure-

mentwith a McIaodgauge(3-7).The advantagesof the condensation

(8). ~erience
methodhavebeen discussedby TempletonandWatters

at thislaboratoryhas confirmedtbti conclusions.The chemical

(2)~ro~d to be tooabsorptionmethoddescribedby Cadyand Rice .

slowandcomplicatedfor successfulroutineuse (seeFigure1).

Shutdownsfor repairsand conditioningwere frequentandprolonged.

In June1948,a condensationapparatuswas set up,basedlargely

(6)on thework of Naughtonand Uhlig . Themultiplesampledumper

was retainedfrom the old apparatus(2), and stopcockswre replaced

by mercurycutoffs,exceptthatbrassbellows-typevalveswere used

for admittingthe oxygen,whichwas purifiedby distillingfkom a

liquidnitrogentrap. Figure2 showstherelativesimplicityof this

apparatus,whichwas in continuousroutineuse for almosttwo ~ars.

Speedandprecisionwere fairlysatSsfactory. A half-hourwas re-

quiredfor eachsample,but becauseof the~cessity of outgassing

the systemafterreloading,a dayjsrun was usuallylimitedto eight

smnples,the capacityof themultipledumper. The reproducibili~

---
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1

of readingson t~ McLeodgaugewas about1A microgramof carbons

or !%10ppm on the samplesizesused. Duplicatesusuallyagreed

within10-30ppm,but certainsamplesgavelargevariationswhich

were attributedto segregationof

Althoughthismethodwas suitable

respectsin which improvementwas

carbonin th metal.

for routineuse,there

desirable. Themethod

weremany

of loading

samplesnot onlylimitedthe numberof samplesper day,but also

placedrestrictionson the sizeand shapeof themetal.piecesused.

A considerableincreasein speedappearedpossible,as is explained

in thenextsection. The operationwas hazardousin severalwsys; a

constructionwhichwouldpermitall contaminatedmaterialsto be

handledin a dryboxwas MUCh to be destied. The use of platkum

cruciblescomplicatedthe recoveryproblemand causeddelaysdue to

cruciblefailure. Therewere accidentsdue

throughjointsati throwingof mercurywhen

powerfailures.

The new methoddescribedin thisreporthas

to leakageof mercury

the vacuumwas brokenby

eltiinatedall of these

difficultiesandpermitsfast,safe,convenientoperationtith a

minimumof maintenance.The precisionis somewhatbetterthanthat

of the oldmethod,and it is believedthattheresultsaremore accurate

in somecases. The advantagesof thenew methodcanechieflyfromthree

major changes- - the use of a capillarytrap,makinghighvacuum

unnecessary,substitutinga resistancefurnacefor inductionheating

anduse of oxygenat atmosphericpressureinsteadof low pressure

combustion.
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THE CAPILLARYTRAPMETHOD

Thepreviousmicrogasometricmethodshavehad in commontheuse of a

diffusionpump,with all the associateddifficultiesof highvacuum

technique.It is to benotedthat a fairlygoodvacuumis neededonly

becauseof tlm methodof measurementin whicha largevolumeof gas is

compressedintoa capillary(by a T~plerpump in the chemicalabsorp-

tionmethod~aMcLeod gaugein the condensationmethod). A relatively

shortperiodof pumpingis sufficientto removecarbondioxidefromthe

~zbugtion ZOne(s), and the sameresultcanbe accomplishedmore S@lY

by sweepingwith a streamof gas,as in gravimetriccombustionmethods.

Most of tk troublesencounteredwith the condensationmethodherewere

directlyor indirectlydue to theuse of highvacuum;halfof the the

spenton a samplewas consumedin pumpingdownto a lowenoughpressure

to permittheMcLeodgaugeto he used. Therefore,it was decidedto use

a methodof measurement

Thisis accomplishedby

tubethrougha U+haped

thatwouldmake thediffusionpumpunnecessary.

passingthe streamof oxygenfromthe combustion

trapmade of glasscapillarytubingand immersed

in liquidnitrogen. The trap is then closedoff andwarmed,

pressureof carbondioxideis read on a capillarymanometer.

sensitivityis thusobtainedby smallvolumeratherthanlow

and the

Adequate

pressure.

Only a mechanicalpump is needed,and the smallvolumeof the trapis

evacuatedalmostinstantly,eliminatingthepumpingperiod.

In someearlyexperimentsthe ca~illarytrapwas combinedwith a low

pressurecombustion,but it was soonrealizedthattherewouldbe sub-

stantialac?vantagesin usinga flowingstreamof oxygenat atmospheric
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pressure(Naughtonand UKLig(b)successfullycombineda stiilartechnique

with a high-vacuumcondensationmethod). Thisprocedure,in whichonly

th capillarytrapis evacuated,permitssimpleand ruggedconstruction,

includinga ceramiccombustiontube and a sampleduzperof the desired

speedand capacity. A tie-mud furnace is used in placeof induction

heating,eliminatingthe platinumcruciblesnd thebul@ high-frequency

unit.

APPARATUS

Figure3 isa photographof the apparatusin itspresentform,while

Figure4 is a schematicdiagramwith the partsrearrangedfor clarity.

Chqygenflowsthroughthe systemfromthe gasometerG, passingthrough

thepreheatertubeTl, purif@ng tubesT2 and T3,thesampled~er Ds

thzicombustiontubeTh,purifyingtubesT~ and TG, and throughthe cap-

ilkry trapT7 to the p~p. VI, V2 ad V3 are l/@nch brassbellm-

typevalves. VI is openedonly to refillthe gasometerwith oxygen,

V2 controlsthe flowrate,whileV3 is openexceptwhenme==*

carbondioxide.

‘JIMgasomometer,made from twe four-literaspiratorbottles,servesto

measurethe oxygenand alsoto maintaina pressureslightlyaboveab

mosphericin all th apparatusup to valveV2. Its operationis semi-

automatic;in filling,any excessoxygenbubblesout throughthe open

bottle,md when one literhas been delivered,an electricalcontact

ringsa buzzer. lb gasometerfluidis a potassiumsulfatisolution,to

provideth nscesssryconductivityfor buzzeroperation.
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The preheatertube,heatedto 900°C by furnaceF1 is of quartzand

containsa roll of platinumgauzeas a catalyst(probablyunnecessary~

as is expkbd later). Thebulk of themoisturefrom the gasometeris

removedby silicagel in tubeT2,whileAscariteand silicagel in tubeT3

completetiepurificationof the oxygen. T$ containsamalgamatedcopper

turningsto removea traceof somematerialwhichattacksmercury,and

whichmade ii necessaryto cleanthemanometertiost dailybeforethis

tubewas imtalled. Magnesiumperchloratein TA removesthe lasttraces

of moisture;silicagelwas less satisfactoryin thispositionbecause

it apparentlycauseda slightlag in carbondioxidecollection,no doubt

due to adsorption.

The combustiontube T~ is made froma McDanel1 I/L-inchCW tubescut

to a lengthof LS cm andwith a standardtapergroundintothe largeend.

It is mountedvertically,about10 cm of its lengthbeingheatedby

furnaceF2. Thisfurnaceis platinum-woundand hasbeen operatedas high

as 1300”C, but 1000°C hasbeen foundto be sufficientad the furnace

is now keptcontinuouslyat thistemperature.No crucibleis used,the

samplesbeingburnedon a packingof loosesolidmaterial.which fills

the lowerpart of

chips,cuveredby

latterthusbeing

the tube. At present,thisbed consistsof quartz

a layer2-3 cm deepof copperoxide(wireform),the

confinedto the hot zone. The

oxidewillbe discussedlater. The lowerend of

tith glasswool to retainany contaminateddust.

p~ose of the copper

the tubeis plugged

—
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The glassssmple

a standardtaper

dumperD is connectedto the cunbustiontubethrough

adapterwhtih is cementedwith sodiumsilicateinto

the groundend of the tube. Samplesare introducedthrougha side arm

closedby a plaingroundstopper,withoutgreaseor mercuryseal. This

is made possibleby usingatmosphericpressureratherthanvacuum. The

solenoidS (thecoilof an H-B

the sampleintothe cunbustion

up and setdown the plungeras

mercuryrelay)liftsthe plungerto droD

tube. A rheostatcontrolis used to pick

gentlyas possible. The clearanceis ample

for the”sizeand shapesof metalshavingsusuallyencountered,without

specialselectionor cuttinges was necessarywith the oldmultipledumper.

ThemanometerMand trapT aremade of glasscapillarytubing,theman-

ometerof 1.smm and the trapof 1 mm bore. The trapis designedto fit

in a 2s0 ml lkwarflask. Its ends are sealedwith ApiezonW into the

twovalves,whichare orientedso thatthe sidewith smallvolumeis

thatincludedin the trap-manometersystem. Althoughthesevalvesare

in generalmuchmore satisfactorythanstopcocks,especiallyin permitting

gradualchangeof flowrate,theydo occasionallydevelopleaks,and are

thereforemouzntedsoas to be easilyreplaced. Themanometeris readby

a millimeterscaleextendingdownwardfrom a zeromark etchedon the tube

~cmbel~the T-joint(toallow room for overshooting).The mercury

well at thebase of themanometerhas a screwadjustmentto correctthe

zerofor changesin atmosphericpressure. A closed-armmanometerwould

avoidthisadjustment,but the openconstructionis preferredbecauseit

permitscleaningthemanometerby drawingchromicacidup intothe cap-

illary. By placingthemanometerbeforethe capillarytrap,it is made
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to serveas a flowneter,as will appearlater.

T& variouspsrtsof tk apparatusare connected

tubing;glass-to-metalconnectionsaremadewith

by l/&inch copper

?Jeoprenetubingor

stoppers. Allpartscanbe readilyremovedand replaced. Thiscon-

struction,madepossibleby usingatmosphericpressure,was very useful

in experimentaldevelopment;by keepingsparepartson hand,it also

facilitatesrepairsor settingup new apparatus.Only at theupper

connectionto the sampledumper,wherethe Neoprenebecamequitehot,

did it contributeto theblank;it was replacedby a flarefitting

sealedto the glasswith ApiezonW.

Thecombustiontube,furnaceand sampledumperaremountedin a drybox,,

thusconfiningall contamination.All otherparts,includingthe dumper

rheostat,are outsidefor convenientoperation. In Figure3,the drybox

gluvesare removedforbettervisibility.

CATJ?3RATIC13J

Sincethevolumeof the capillarytraoincreasesas themercuryfalls

in themanometer,the scaleis non-linear.If the bore of the capillary

were uniform,one wouldexpectthe calibrationto followtheequation:

w = Ai + 13x2,

wkereW is tk weightof carbon,x thedepressionof the mercury,A is

proportiomlto thevolumeof the trapwith themercuryat zero,and B

is proportionalto the cross-sectionof

the capillaryis usuallytapered,which

themanometerbore. In practice

adds a smallcubicterm to this
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equation. B is determinedby weighingmercuryslugswhoselengthhaa

beenmeasuredinvariouapartsof the capillary.For w in micrograms,

x in milltieters,awl a

B=

Sincethevolumeof the

temperatureof 24.
OJL78O1O4L?22,%

trapincludesthat

c,

ofthebrassvalves, A cannot

be easilymeasureddirectly;it is determinedfromB by applyingBoyleSs

law. A levelingbulb fullof mercuryis attachd to thebottomof th

manometerby a flexibletube. With the trapopen to the atmosphere,the

bulb is adjustedto set th?mercurycolumnat zero,and thevalvesV2 “

andV3 are thenclosed. The bulb is loweredto a pointnearthe bottom

of the scale,and thereadingx is taken. withoutmovi~ thebulbsthe

trapia a~ainonenedto the air andx’ is read. It followsfromBoyleJS

law that:

A=BX(h+x- x’)~whereh = barometricpressure.
X’-x

If B is variable(thecapillarytapered),one substitutesfor Bx an

expressiongivingvolumecorrectlyas a functionof length,usually

Blx + B2# (a lineartaper).

The completecalibrationequationis then

w = ~ + B& + B&.

For routineuse it is convenientto calculatea tableof 1?as a function

ofx. The calibrationis reproduciblewithin2 partsper thousand.

The actualvalueof A is aboutO.s and of B, 0.001. The usablelength

of the manometerat thisaltitude(allowingroom for a clampand for the

mercurywell) is about’520mm. Therefore,the capacityof the apparatusis

—
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over0.5 mg and the sensitivityper mm is 0.s microgramat the lower

readings,becoming1.Smicrogramat fillscale. If the manometeris

keptreasonablycleanit can easilybe read to 1/2mm, givinga precision

of about0.3microgram.

PROCEDURE

Plutoniumsamplesof 100-1s0mg are ordinarilyused. The size and shape

of the piecesis not particularlycritical. With the gasometerfilled

with oxygen,the stopperof the sampledumperis removed,the sample

droppedin,and the stopperreplacedwi.tha slighttwistto seatit

firmly. Duringthe loading,oxygenflowsout throughthe dumper,ex-

cludingall air. The gasometer is thenrefilled,andwith valveV3 open

to thepump,V2 is adjustedto giveamenometerreading(aboutSO mm) which

correspondsto a flowrateof 1 literin 10 minutes. The trapis tied-

iatelychilledwith liquidnitrogen;the Dewarflaskshouldbe kept full.

As soonas violentboilingstops,the sampleis dumped,notingthatall

pieceshave fallen. A brightflashoccurs. When thebuzzerringsin-

dicatingthatone literhas passed,V2 is closed,the gasometeris re-

filled,andV3 is closed. The liquidnitrogen5.sremovedand the trap

warmedwith hotwater andwiped dry. The manometeris read to the nearest

1/2mm, tappingwith a rubbertubeto free themeniscus. Vs is thenopened

arxlth nextssmpleloaded.

.

Ablank is run in the sameway, omittingthe loadingand dumpingof the

sample. Blanksmustbe run wheneverthe apparatushas been leftunused

formore thana few minuteso Runninga streamof oxygenthroughthe system
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when not in usewill keep theblank

rate for a halfhourin themorning

ingvalue (0.~microgramor less).

down. Runningoxygenat the usual

will reducetheblank to its operat-

The blankremainsconstantafter

runningplutiniumsamples;

The zeroshouldbe checked

thisfactslxmldbe checkedoccasionally.

and adjustedas oftenas necesssry,tapping

to free themeniscus. On days of unsettledweatherit maybe necessary

to do so on everysample. Thismay be donebeforewarmingthe trapor

afterdiscardingthe carbondioxide. If themeniscussticksabovethe

zeromsrk it shouldbe moveddownwardby admittinga littleo~gen, as

itwill notmove downwardfreelyundervacuum. Itmay thenbe adjusted

frombelowupward. When tk meniscusbecomestoo sluggishto adjustthe

zeroproperly,themanometermust be cleanedwith chromicacid. This Can

be done overnightwith littlelossof time. The capillaryis thenrinsed

threettieswith waterand dried

throughit (which

value).

stiultaneously

by passinga few litersof oxygenout

reducestheblankto its operating

Themanometerreadingis convertedto microgramsof cerbonwith the cal-

ibrationtableand correctedby subtractingtheblank (usuallyabout

0.5 microgram):

ppm csrbon.1000 (W - blank)
mg sample

Sometimestheblankis so smallthatit canbe nsglectedentirely.
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RESULTS

Much expertientalworkwas donebeforethemethodwasperfectedin its

presentform. Thoughthe resultsof thisearlywork are now believed

erroneous,som of themareworth consideringin orderto explainhow

thepresentprocedurewas developed.

Interpretationof theearlyrunswas ccznplicatedby a highblank,about

.#-6micrograms. A copperoxidepreheaterat 600” C had no effect~and

it was only at a much laterstageof thework thatit was discoveredthat

a preheatercontainingquartzchipsat 900”C wouldreducetheblankto

lessthanonemicrogram. Theplatinumcatalystwas addedto thepre-

heaterbecauseof a misinterpretation.of laterincreasesin theblank,

andvery probablyit is not necessary. The preheateris canpletilyin-

effectivebelow800°C.

In th firstexperiments,the combustiontubewas packedwith brokenpieces

of ceramiccombustionboats. Thisbeddingmaterialwas abandonedwhen it

was foundthata calcitecrystal,usedas a carbonstandard,gavevery low

resultsand slowrecoveryof carbondioxide,no doubtbecauseof adsorption.

The effectwas much lessmarkedwith steeland plutonium,data forwhich

are givenin TableI. Probably,becauseof the low carboncontentof the

plutoniumand the slowcombustionof the steel,the concentrationof carbon

dioxidedid not becomehighenoughto causemuch adsorption.The irregular-

itiesin theplutoniumresultsarebelievedto be due to anothercause,as

will appearshortly. The speedof recoveryof carbondioxideappearedto

be satisfactory,and in factit was duringthisperiodthatthe ten-minute

runningtimewas adoptedas standard.
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TableI

CeramicTubewith CeramicChips,X2SO”C

Sample No. of Detns. Carbon(Averaged AverageDeviation)
Expected Found

N.B.S. Steel12e 4 0.371f 0.003% 0.360* 0001.4%

I% metalsample 9a 168* 3 ppmb 1S2 * 24ppma
a Omitting3 very lowvalues
b Fourdeterminationsby old condensationmethod

Next,the ceramicchipswerereplacedby chipsof brokenquartztub-

ing. “lVit&thispacking”,excellentresultswere obtainedon calcite:

11.86,1.2.OS,and 11.88% carbon(theory: 12e00%). The deviations

werewithintk uncertaintyin the highblankwhichstillprevailed

at that t~. A seriesof plutoniummetalsampleswas run,comparingthe

resultswith the highvacuumcondensationmethod. TableII givessome

representativedatafkomtheseruns. In some cases,resultsby both

methodsareratkerirregular,with fairlygoodagreementbetweenthe

two,but in others,notablysampleB, lowvaluesappearby the new method

whichhaveno coun%-rpartin the old.

TsbleII

Pu in CeramicTubewith QuartzChips,12~0°and 1090”C

Sample

A
B
c

D

E

F

(AllResultsRoundedto Nearest~ ppm)

pym by OldMethod PP by New Method

185,2s5,23s,2SS 190, 175,225,210
200,Mo, Mo, 185 19s,9s, %, 17S,19SS~, 18S
21~,24o,210,200 ~~, 170,24S,230
125,135,1.20,40 100,130,16s,165
1.40,16S,1S’S,ti~ IZ5,170,175,1.40

18s,16s 18o,185,21o, 18s,20s, 19s,1.2~
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It was at thispointthatth problemof thebla.nkwas solved. StiUl-

taneously,a quartzcombustiontubewithquartzchipswas installed,and

gavesomera~er encouragingresultson uranium,whichwill be discussed

later. Resultswithplutoniumwere no betterthanwith the precedingtubes.

However,a phenomenonnow becameapparentwhichhad previouslybeen obscured

by the highblank. Theblankincreasedsllghtly(abouta microgram)after

certainsamples,and decreasedagainonlyslowly. At firstthishappenedon

everysample,laterwith decreasingfrequency.As shownin TableIII, the samples

onwhich thisoccurredgavedistinctlylowerresults,thoughthe othersalsowere

quiteirregular.
.,

Thiseffectcanbe explainedbya theorywhichis now believedto account

formostofth irregularitiesin the esrlyplutoniumruns. Undercertain

conditions,plutoniumbecomesso hot in burningthatthe oxideis fused

intoa hardmass,enclosingsomecarbidegrains,whichare thenoxidized

sl.owlyifatall. Thereare twopossiblereasonswhy the effectis not

observedwith the highvacuummethod. The sampleburnswhilethe crucible

is stillcomparativelycool,and thereforemay not reachsuch a high

temperature;also,vacuummay aid in releasingcarbondioxidefrom tk

oxidelumps. The slowimprovementwith timeis thoughtto be due to the

buildingup of a layerof oxidewithwhich themetal fusesto form a

relatively

a suitable

becauseof

.

porousmass. Therefore,it was hopedthatprovidingabed of

oxidewouldbe helpful. Copperoxidewirewas chosenprimarily

its convenientphysicalform,insuringfreepassageof gas.

Whetherthistheoryis corrector not,

evenbetterthanhad been anticipated.

the effectof the copperoxidewas

Theblankhas remainedvery low and
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nearlyconstant ever

althoughhundredsof

greatimprovementin

sincethe tubewith oopperoxidewas installed,

sampleshavebeen run. TableIII showsthe

consistency.A samplewhichhad previously

appesredquiteinhomogeneousis now seento be very uniform,the

deviationsbeingaboutequalto tk precisionof readingtheman-

ometer. Also,theresultsobtainedwithoutcopperoxide,it now

appears,were low evenwhen no changein blankoccurred. Assuming

that,the averageof thecopperoxideresultsis correct,29 of the

earlierresults

resultcouldbe

contactwith an

were low and onlyh were high. An occasionalhigh

explainedby a pieceof metal.happeningto burn in

oxidelumpcontainingunburnedcarbide.

TableIII

PlutoniumSamDleG

Description No. of Detns. Averageppm AverageDeviation

(InQuartzTubewithQuartzChips,1100°C:)

Constsntblank

Risingblank

(In

Electropolished

Unpolished

17 194 34
16 131 36

CeramicTubewith CUO Bed,1000”c:)

5 208 3

7 221 4,

Table111 also showsthe effectof electropolishingthemetal just

beforetheanalysis. Thereis a smallbut significantdifference

of 13 ppm. Sincemany lessuniformsamplesshowlargervariation than

this,it has notbeen thoughtworthwhileto electropolishsamples

routimly.
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At one timeit was thoughtthat the earlylow resultsmightbe due

to carbonmonoxideformation.A tubecontainingmodifiedSch~tze

reagent(9)was inserted

runs therewas stillno

if csrbonmonoxidewere

monoxideis formed,and

in the positionof TG, Figureh. Aftermany

colorchangesuchas thereagentwouldshow

present. It was concludedthatno carbon

the reagentwas removed.

Ths speedof thismethodis muchbetterthanthatof highvacuum

techniques.An analysistakesabout12 or 13 minutes,andwith the

necessaryblanksabout32 samplesare run in an eight-hourday. About

150 sampleswere analyzedin duplicak in a two-weekperiod,together

withre-runson any thatfailedto agreewithin30 ppm.

usually,

samples,

results.

whenre-runsweremade,threeof the fourruns agreed. Some

howeverappearto be highlysegregatedand givefourdifferent”

In thisrespect,experiencehas beenmuch the ssme as with the

old apparatus.Only themore uniformssmples,suchas the one shownin

TableIII,permitone to utilizethe fullprecisionof 3 ppm on a 100-mg

sample(assumingthemanom%ter

most samplesgiveagreementof

are customarilyroundedto the

usualwith the oldmethod.

readingis accuratito 1/2mm). However,

duplicateswithinl~ or 20 ppm. Results

nearests ppm, insteadof 10 ppm as was

Tbre is somereasonto believethatthe old methodinvolvederrorsdue

to adsorptionon the wallsof the tube. Thiswas suspectedbecausethe

firstsamplesrun afterpumpingovernighttendedtobe low. TableIV

givesa comparisonbetweenthe oldmethodand the new for a set of
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mmples run in orderon one day. It is seenthat thefirstsamplewas

decidedlylowerby th old method,the dlt’ferencedecreasing as more

ssmples nere run,untilfair agreementwas obtaizwdon the last. This

couldbe explainedby ‘saturationnof the adsorbent,buildingup a lqmr

of carbondioxidewhichwouldrequtreprolongedpumpingto remove. Such

errorshavebeen shown(6)to be due prtisril.yh the 18Y’e??of Plath

depositedon thewallsof the tube. Becauseof the pressureof routine

work,and the factthatno increasein theblankwas observed,this

platinumfilmwas allowed to become muchheavier than Is customary.

Table IV also showathat eloctropokkhing had no significant effect on

thesesamples,although they mtre four monlhaold aud covered with oxide

smile.

Sample

H

I

J

K

‘hbls XV

Comparisonof Old and NewMethoda

(ResultsRoundedto Nearest 5

OldMethod NewMethod
Eleotropolished

160,160 220,205

180,175 205, 195

130, 125 150,ills

135,1.40 150,U5

ppm)

New Method
Unpolished

200,~o, 205,200~
205,200

155,l~o

Uo, U5
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OTHER

In additionto itsuse for

old condensationapparatus

APPLICATIONS

plutonium,an tiportsntapplicationof the

was the analysisof thinnickelfoilfor

carbon. Thismethodwas indicatedbecauseof the smallamou@ of

sampleavailableas well as its contamination.Rathersurprisingly,it

was foundthatalthoughnickelwas onlysuperficiallyoxidizedunderthe

conditionsused,the carbonwas completelyrecovered. Thisconclusion

was basedon the factsthatreasonablevalueswere obtainedand that

theblankdid not increase. It has nowbeen foundthatthe newmethod

alsocanbe usedfor thfi @pe of sample. Theprocedureis exactlythe

sameas for plutonium. Theblankdoesnot increase,apparentlyin-

dicating complete removal

the possibility that some

is completely unaffected.

of carbon. Of course,thisdoesnot preclude

carbonmightbe bound in such a way thatit

The successof themethodundoubtedlyde-

pendson the nickelhavinga largesurfaceto volumeratiojtheprocedure

wouldnotbe expectedto work for bulk nickel.

It seemsverylikelythat thenew methodwillbe as effectivefor uranium

as for plutonium. No uraniumhas been analyzedsincethe copperoxidewas

added,but a uraniumQualityControlsample,previouslyanelyzedby the

standardmacrocombustionmethod,was run on both the old condensation

apparatusand the new apperatususinga quartztubeand quartzchipsat

1100°c. Theresultsof the threemethodsare comparedin TableV.

Uraniumseemedto behavesomewhatbetterthan

creasingonlyon a few of the earlyruns,but

shownin TableV areprobablydue to a milder

plutonium,theblankin-

the largefluctuations

form

pletecombustionfoundwith plulxmium. Presumably

of the same incom-

a copperoxidebed would

~-.—— ‘-
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givemuchbetterconsistency.It is obviousfrom TableV thaturanium,

unlikeplutonium,picksup carbondioxidefromthe air andmust be

cleaned(bynitricacid,water,ethanoland ether)justbeforeanalyzing.

TableV

UraniumQualityControlSample

Method

Macro cotiustion

Old Method
Cleanedday before

Preshlycleaned

NewMethod
Cleanedweeksbefore

Freshlycleaned

No. of Detns. Averageppm

32 109

8 92

15 76

10 16L
10 99

AverageDeviation

7

6

9

34
17

The fairresultsobtainedwith a steelsamplein the tubewith

chips(TableI), ~d somebetterdatafrom an earlyall-quartz

ceramic

apparatus,

indicatethat themethodis suitablefor the lessrefractorysteels.

For thispurposethe ceramictubewith quartzchipsshouldbe used,at

1200”C or higher. Even at 1250°C, a longercombustiontimeis re-

quiredthanforplutonium.

The smallsamplesize and resultingreductionin heatgenerationwould

recommnd themethcdfor suchmetalsas calciumandmagnesium. The re-

coveryof carbonfrom calciumis difficultby macrocombustionmethods(lo);

it wouldbe interestingto see if copperoxidewouldsolvethisproblem

as in the caseof plutonium.

-ii==@=

—
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The principleof the capillarytrap is alsoapplicableto the de-

terminationof oxygen. In fact,tk firstexpertientswith themethod

were for thispurpose. The samplewas fusedIn a graphitecruciblein

an atmosphereof argon,whichwas thenpumpedthroughmodifiedSch{tze

(reagent9), to convertcarbonmonoxideto carbondioxide,and througha

capillarytrap. Results

methodis beingresumed.

on cuprousoxidewere good$andwork on the

Much of the apparatusis identicalwith that

usedfor carbon.

C~NCLUSIONS

(1) The use of a capillarytrapin combinationwith combustionin a

streamof o~gen at atmosphericpressuregivesa fast,safe,and

convenientmethodfor carbonin plutonium. Aboutthirty-twode-

terminationscanbe made in an eight-hour

(2) A copperoxidebed in the combustiontube

to securecompleterecoveryof carbonand

(3) mere isa Substance in the oxygensupply

day.

is an essentialfeature

a permanentlylow blank.

whichcontributes5-6

microgramsof csrbonper liter,and is oxidizedonly above800”C.

(4) A uniformplutoniumsampleanalyzedby the newmethodgivesa stamd-

ard deviationof 3-4ppm,which is aboutthe limitsetby the sen-

sitivity

(5) Thereis

pressure

of the apparatusfor a 100-mgsample.

evidencethatan adsorptionerroroccurswith the low-

canbustionmethod,and is eliminatedby the newmethod.

(6) Thenew methodcanbe usedalsofor thinnickelsbet, uraniumand

steel.
.

I
I
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(7) Elec*opol~~g plutoniumhas littleeffecton the carboncontent,

but uraniumappearsto pickup cerbondioxidefromthe & @ must

be cleanedbeforeanalyzing.

(8) By using an inert gas as a carrier,the capillarytrapcan be used

for oxygendetermination.
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