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I Introduction:

Earlyin the historyof the PlutoniumPro@ot considerationwas

givento the possibleuse of a volatileplutoniumcompoundas a means

of isolatingand puri&ing the pile-producedplutonium Wom the

similaritiesbetweenthe chemistryof plutoniumand uraniumit was

dedumd that plutoniumhexafluorideshouldham propertieswmparabls

to the highlyvolatileuraniumhaxafluoride.Studiesat that time

withtraoerqmntities of plutoniumpmduoed contradictoryreeulte,

but it was foundthat if fluorinegas was passedover a plutoxxlmu

compoundat about-(l the plutoniumdistilledfkom the hot soneand

depositedIn coolerzones. Brownand Hill (l),usingmiorogrem

cpantitiesof plutoniumin a seriesof distillationacperimentswith

uraniumhexafluoride,oonoludedthat the higherfluorideof plutonium

is unstable in the absenceof fluorineand decomposesto plutonium

tetrafluorideover a periodof hoursat roomtemperature.They aleo

concludedthatthe vaporpressureof the plutoniumcompoundwas about

the sameas thatof uraniumhexafluoride..Davidson,Katz,and

Orlemann(2) oonductedexperimentsin whiahplutoniumwas volatilized

from a nickelfilamentin an atmosphereof fluorineddreotlyonto a

coldplatinumsurface. The plutoniumdepositedat temperaturesas

high as roomtemperatureand did not redistillat temperaturesas

high as 2000C,indicatingthat the oompoundwas not volatileat this

temperatureor had been convertedto a non-vplatilecompound.

,,
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At a laterdate,the problemwas reinvestigatedusingmill@mn

quantitie8of plutonium. In general,the resultsof thisworkwere

as inconclusiveand cliffioultto explainas the earlyexperiments.

However,someexperimentsby Fisher,Vaslow,and Tevebaugh(3) seenwd

to indicatethatthe higherfluoridehas a negativeheat of formation

and is stableonly at hightemperaturesin an atmosphereof fluorine.

Theirtentativeaonolusionwas thatthe higherfluoridemightbe oon-

densedrapid3yto a pointwherethe rate of deocqosi.tionwouldbe

low, but on heatingto revolati.1.ize,the mqound wouldbe axpeoted

to deoomposeevenin a streamof flwrine unlessthe temperatures

were raisedtO 350 to 550°c. morin (4) prepared a voktile com-

poundof @.ltOl.liUllltih WaS P1’’eSUIESdto be pltltOIXhlllhexafhoride, ‘

althoughit decomposedbeforeits identitycouldbe established.In

this exp&iment the volatilematerialwas aondensedon a glasssuz=

faoeat 10U temperatureand aftera few minutedaging,the cmmpound

beoameless volatileand changedfkom solidto liquid. This behavior

was interpretedas etidenaeof reactionof the fluoridewith the

glaessurfaoe.

No furtherexperimmtalwork on this problemhas been reported,

althoughthe preparationof neptuniumhexafluoride(!$,6) k been

achieved.

Brewer,Bromley,Gil.les,and Lofgrin(7, 8) made

thermodyw@ dataplus reasonableestimatesof other

use of existing

data,based

principallyon the relationshipbetweenthe behaviorof corresponding

k
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plutoniumand uraniumoompounds,to predictthe propertiesof pluton-

ium hexafluorids.They concludedthat all the lowerfluorides,in-

aludingthe yet unisolatedplutoniumpentafluoride,wouldbe azidized

to plutoniumhexafluorideby an atmwphere of fluorineat all Reason-

abletemperatures.w Also,it was pr43diCtedthatplutoniumhexa-

fluoridewouldbe gaseousand havea boilingpointslightlyabove

roomtemperature.On the basisof theirpredictions,admittedly

basedou questionabledata,theyprooeededto make detailedand

stimulatingsuggestionsas to possiblemethodsof preparation.

At the presenttim a studyof the preparationand propertiesof

plutoniumhexafluorideis in progressat thislaboratory.The present

reportrepresentsthe progressto date. Additionalinformationwill

be reportedas it beccmesavailable.

II ADmratus and Eme rhmtal Procedure ‘

The generalschemeselectedfor the preparationof plutonium

hexafluorideprovidesfor the passageof fluorinegas overhot

pluto~um tetrafluoride.Any volatilereactionproductis remved

in a liquidqygen trap downstreamfrcmthe reactor.

The auxiliaryequipmentleadingto and fromthe reactorand its

assooi.atedtrapsand storagevesselshas beenmdified

duringthe courseof the investigation.The schematic

this apparatusis shownin F@um 1. The materialsof

are nickel,brass,copper,and fluorocarbonplastics.

but slightly

diagramfor

construction

Connections

betweenthe partsaremade with flarefittingsor are silversoldered.

Valveewhichhavebeenused suocessfhllyincludeKerotest(brass

5
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angle valvespaohd with Teflonplastic

valves(Teflonpacked,monel stems)and

turnings~ welnetookneedZe

Hoke,brass-bellows,neeilLe

valves. In operation,fluorinefroma storagetank is passedthrough

a liqyidoxygentrapcontainingpotassiumfluorideto remve -w

fluoride&d thenthroughthe manifoldintothe reaotiondumber.

Vobtile reaotionproductsare remved in a suitableliquid-n

trap and fluorinepasseson throughthe trap intoa ualoiumchlorlde

tubewherechlorineis liberated.The chlorineis preventedfrom

enteringthe vaouumgmmpwhiohfollowsby a liquidnitrogentraps

All oustomaryprmautionsfor oleaningthe apparatw in whichfluorine

is to be used havebeen observed. Preview to a preparationthe

apparatusis thoroughlydegassedand then fluorinatedat an elevated

temperature.

Initially

constructedof
. .

of Fluorothene

theneU tubes,

the reaotorand accompmyingstorageoWers were

glass. Therefolloweda shilar apparatuscon$trwted

plastic. It consistedmainlyof a seriesof Fluoro-

see Figure1, whichcouldbe isolatedby Fluorothene

stopoooksor Fluorotheneneedlevalves. The firstU tube servedas

the reaotor,Figure2. b the reaotor,a nickelstripfilament,with

a cup-likedepressionin its centerfor holdingthe materialto be

fluorinated,was strungacrossa pairof nickelrodswhiohentered

the reaotorthrougha Fluomthene oap. To prepareplutoniumhex+

fluoride,a loadof plutoniumtetrafluoridewas plaoe’don the fib+

xmnt,fluorinewas admittedto the reaotor,’and the filamentwas

7
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heatedeleotrioallyto the temperaturerequiredfor

maotor $ms cooledin liquidoxygenboth to prevent

the ruaotion. The

t&laal decomposi-

tionof the FMorothenetubeby heatfra the filam& =d to provide

a cold surfaoefor condensationof the volatilereaotionproduots.

Liquidc&gen was used as the refrigerantratherthan less~

liquidnitrogen,beoausethe boilihgpointof fluorineis lowerthen

that of oxygenbut higherthanthatof nitrogen. Plutoniumh-

fluorlde,whichcolleatedon the wallsof the reaotorduringthe

aourseof the reaction,was sub-d fromthe reaotor,condensedinto

one of the U tubeswhichfollowed$he reaotor,and sealedoff by

closingvalvesor etopoooks.By

duetat varioustemperaturesits

observedqmlitatively.

In orderto obtaina sample

@MJling and condensingthe pro-

volatili.tyand stabilityoouldbe

of plutonhm hexafluoridemunted in

a capillaryfor x-raydiffractionanalysis,the simpleapparatus

describedabovewas modifiedto the extentof includinga shortglass

T in the line. The free sideof the T was drawnto a capillaryuhioh

couldbe sealedoff tier the samplewas sublimedinto it. As was

previouslyobservedplutoniumhexafluoridedecomposedrapidlyon uon-

taotwith glass,but in this instanoeit was possibleto preservea

samplein the capillaryaftera proteatim coatingof decomposition

produothad builtup on the wallsof the capillmy.

Anothermodificationof the simpleapparatuspenuitteda masure—

ment of the vaporpressureof plutoniumhexafluoride● A U trap and

9
.
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and a valveat

.:—

—. ..
.-

were connectedto the lineby nmns of a

the T pexmittedthe gaugeand trap to be

T fitting,

isolatedfrom

the line. Plutoniumhexafluoridecouldbe sublimedintothe U trap,

the val, closed,and the vaporpressuremeasuredat varioustemp&’a=

turesby the pressuregaugeattachedto the trap. The pressuregauge,

Figure3, was of the null-pointdiaphragmtype;the expo,sedparts

weremade of Fluozwtheneplasticwith the exceptionof the diaphragm

itselfwhichwas a thin sheetof Teflonplastic. The plasticparts

weremountedin a metalhousingthroughwhiahexternalpressureoou~d

be appliedas necess&y to balancethe diaphragmto null position.

The balancingexternalpressurewas then eqyalto the vaporpressure

of plutoniumhsxafluorideinsidethe gmge, ~and its magnitudecould

be readfroma merourgmsnometerconnectedto the externalpressure

system. Actuallythe pressurebalancingwas performed@mmatioally

and continuouslyin the followingway. The outersideof the dia-

phragmwas coated@th Aquadag,a graphitesuspension,and grounded

to becomeone plateof a condenser.The otherplateof the condenser

was a metaldiscmountedabovethe diaphragmand connectedby a wire

to the sensitivepost of a NiagaraElectronLaboratories,Thennooap

relay. Changesin capacityof the condenserbrought,aboutby changes

in positionof the diaphragmcausedthe ‘fhermocaprelayto actuate

_etic ~ves to ~c=se or decreasethe externalpressureas -

necessaryto rest6rethe diaphragmto the null position.

More recentlythe reactorand awdliary apparatuehavebeen

10
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constructedof nickel,copper,and brasswith silversolderedor

weldedjoints. The reactor,see Figure4, consists of a nickeltube

in whicha nickelboat containingthe plutoniumtetrafluorideis

plaaed. A wirevmundftumaceis used to heatthe boat as fluorineis

passedoverit. The reactionproductis condensedin a trap cooled

with liquidoxygen. Laterthe volatileproductis transferredto a

metalmanifoldsystemconsistingof threenickelcylinders(25ml vol-

ume),a fluorothenetube (~ in. diameter)with closedend,a Bourdon

tube pressuregauge,and a sensitivepressuregaugeall connectedby

needlevalvesto a nickelmanifold. The manifoldalsohas a valvs

leadlngto a vacuumsource. One of the nickelcylindersis a storage

vesselfor plutoninmhexafluoride,anotherdontainspotassiumfluoride

for removinghydrogenfluoridefrtmthe plutoniumhaxafluoride,and

the thirdis a trap intowhiohany volatlleimpurities~ be dis-

tilled. The fluorothenetube pemits visualobservationof the pro-

duct. The sensitivepressuregapgeasseakdyis of the Boot&&wmer

(9) twe. It iS a *-petit, diaphragmtype gaugeof nickelcon-

struction.An electronicdevicesensesthe position

and automaticallycausesa balancingof the pressure

system. A mercurymanometerindicatesthe”balancing

of the diaphragd

externalto the

pZ’eSSUl?Sand

consequent~the pressurein tb system. A smallcopperU tube

placedbetweenthe gaugeand the valveattachedto the manifoldholds.

the sampleforwhichthe vaporpressureis to be determined.The tube

is tinernmtatedat the temperatureat whichthe pressureis to be

.

32
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measured, and the gauge is maintained at a slightly higher temperaA

ture.

III The Reaction Between Plutonium Tetrafluoride and Fluorine

During the course of this investigationover 1 g of plutonium

hexafluoride has been prepared by the action of fluorine on plutonium

tetrafluoride. CWantities prepared in any given batch have ranged

from a fewmil.ligramsto approximately 0.5 g. A reaction temperature

between 600 and ‘700°was found to be most suitable, although the re-

actibn rate is

action between

of about @OO,

an order of magnitude slower than the analogous re-

urtium tetrafluori.de and fluorine. At a temperature

where uranium tetrafluoride and fluorine react rapicUy,

the reaction rate for the plutonium compound

gible value. Attempts to speed the reaction

tures of 800 to 1000°C resulted in fusion of

is diminished to a negli-

by emplo@ng tempera-

te surface of the plu-

tonium tetrafluoridewith a consequent reduction in the reaction rate.

In one experiment plutonium trifluoride was used in the hope that a

higher temperature could be reached before fusion occurred. In this

experiment the plutonium trifluoride ignited in the fluorine at a

relatively low temperature. Very little volatile product was fomned,

and the fused residue appeared to be plutonium tetrafluoride.

The cause for the slow reaction rate is not lmown, but apparently

it is not due to impurities in the plutonium tetrafluoride or to its

state of division. There is some crude evidence that an unfavorable

equilibriummay be responsible for the slow rate. More plutonium

tetrafluoride disappeared (presumablyas plutonium hexafluoride) from

u
—-...
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the reaotorat the higherratesof fluorineflmrtm for the smaller

rates,ewn thougha thirtyfold axoessof fluorinewas used for the

lowestflowrate. With a fluorineflow of 1 millinde per minute ,

about0.01millimoleper minuteof plutoniumtetrafl.uoridewas con-

sumed. With a flow rateof 0.1 millimoleper minuteonly 0.0033

millimoleperminuteof plutoniumtetrafluorldewas oonsumd. Un-

fortunatelyit is not ceti that plutoniumtetrafluorideconsump-

tion is equivalentto plutoniumhexafluoridepmduotion, sinoeonly

60% of the tetrafluorideconsumedis collectedin the coXdtrap as

kxafluoride.

In a reeentpreparation,verylargec~stal.sof plutoniumtetra-

fluoridewere formalon a flatextensionof the nickelboat in a

direotiondown streamwith respeetto fluorineflow. The meahanism

.for this crystalgrowhhhas not been determined.

IV Chamoterizationand Identificationof PlutoniumHexafluoride

A. X-ray Pattern:

The identificationof plutoniumhexafluorideis basedon a

singlex-raydiffractionpattern. Onlya weak patternwas obtained,

but it indioated dearly that the plutoniumcompoundwas isomorphous

withboth uraniumhexafluorideand neptuniumhexaflmride. The data

indicatethatplutoniumhexafluoridehas a slightlymdler unit cell

sizethanuraniumhexafluoride,as wouldbe ~cted from an aotinide

contractioneffect. A comparisonof the x-r~ diffractionpatterns

for plutonium,uranium,and neptuniumhexafluoridesis givenin

15
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TableI. The ~6 structurewas solvedby Hoard=d strOUpe(10.

The latticeconstantsare: a.= 9.95 ~, b~~ 9.02 ~j ee= 5.26 ~.

TableI

A Comparisonof X-RayDiffractionPatternsFor
Plutonium,Uranium,and NeptuniumHexafluorides

sid e

.029&

.0317

.0354

.0577

.0760

.0$42

.0$n2

.0944
●1005
.1062

::;;

J.&2$
.2104
.2s98
.2632
.3035
.3394
.35$9

Intensity

mw
mw

r mw

w
w
Vw
w
VW
Vw
w

VW
w

w
w
w
VW
w
vu
w

UF6 .

.0223 w

.0293 w

.0315 w

.0352 w

.0574 w

.0757 ‘ w
Jm0@4 w

w

.I.265 w
J343 w
.L!+20 w

.23$4 w

.33$5 Qw

.3560 VW

.3$55 VW

m2& “

.02$?0

.0319
40353
.0463
.0575
N’&

:CIJ03

.100$

.1062

:?&
.x261

S431

Intensity

VW
8
8
s
w+
s-
nlt

w
w+
*
w
w+
VW
w
w

All patternswere obtainedwith copper-radiation
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B. PhysicalADuearance:

Freshlycondensedplutoniumh~luoride is lightbrownin color

and is finelycrystalline.On standingat roomtemperaturethe

crystalsincreasein sizeand the colordeapensto a red-brown.

NO liquidphasehas yet been observed~ Attem@$ to dete~e

the meltingpointhave

zationof the compound

reached.

keenunsuccess~ due to the completekolatili-

beforethe meltingtemperaturecouldbe

C. VfmorPressure:

The vaporpressureof plutoniumhexafluoridewas measuredat

severalpointsin the range-83°to 23.3°C. Althougha b~d~ of
.

the a~atus preventeda seconddetermination,a reasonabledegree

OX confidenceis held in the resultsof the one expeat ● The

vaporpressureof plutoniumhexafluoridehas been foundto be almost

identicalto thatof uraniumhexafluoridewithinexperimentalerror

overthe temperaturerangeinvestigated.The data are shownin Table

II. A slightsolidresiduefoundin ths apparatusat the cwletio~

of the experimentgaveevidencethat saw

hexafluoridehad occurredduringthe time

made●

17
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TableII
C-son of the VaporPressurefor

Hexafluorides

Teameratww Vapor
- Oc

Plutoniumand Uranium

Prewure

“$3 2.8
-U : 7*7

2& 17
1: 59
20.3 $3 $1
23.3 102 98

x 10+

* Valuesfor thevapor preesureof uraniumhexafluoride-
fromthe reportA-753by J. Kirshenbaum.

D. Stabilityand F&dlodemmwcsition

Whileattemptswerebeingmade to measurethe vaporpressureof

plutoniumhexafluoride,it was observedthat the pressureincreased

slow3ywith time,althoughthe temperaturewas heldat @ and the

apparatuswas knownto be freeof leaks● This slowpressureincrease

with timeat constanttemperaturewas alsoobservedat higher

temperatures.The rateof pressureincreasewas nearlyindependent

of temperat~.,althoughat eachnew highertemperaturetherewas an

initialrapidpressurerisewhichtaperedoff to the constantslow

rate aftera nmiberof hours. It is presumedthat the initialrapid

rateresultedfrom degassingof the solidcompoundmaae and was not

evidencefor decompositionat an increasedrate.

The steadypressureincreaseappearsto be due to the decomposi-

tion of plutoniumhexafluorideto fluorinegas and a plutonium

fluorldeof loweraidation number. The observeddecompositionrate

Is

-— ”.. . . . . . . ,,. -. >...
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mmms;$z’i

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



is subjeotto greatuncertaintysinoe

estimatedvkually;however,a rateof

the sampleweightmust be

3 or @ per day is indiaated.

Thisdecompositiondoesnot necessarilyimplythermodynamicin-

stabilityof plutoniumhexafluoride,sincea calculationshowsthat

the decompositionthat aouldbe causedby the alphaparticleradia-

tion of plutoniumwould causea pressureincreaseof the orderof

magnitudethathas been observed. If it is assumedthat30 electron

voltsare requiredto breaka bond,and no allowanceis made for

possiblerecombinationor for the possibleeffectsof geometry,a

decompositionrateof 1.3%per day is obtained.

Fromtheweight of solidresidueresultingfrom

of plutoniumhexafluorideover an extendedperiodof

lifefor decompositionwas ftiedat not greaterthan

an 80 c@ &&-life the decompositionwbuldbe 0.86%

Fromthesethreeestimatesof the decomposition

the decomposition

time,the half-

80 *s. For

per *.

rate it is pro-

bablethatthe decompositionrateliesbetweenfi and4% per day.

Insufficientdata are availableto determineconclusivelythe question

of thermalstability.

The solidcompoundresultingfromthe decwmpositioriof plutonium

hexafluoridehas not yet been identified.

V Stabilityof PlutoniumHex.afluoridein ContactWith
Certainlfaterial.sfor Constructionof Amar atus

With sizablequantitiesof plutoniumhexafluortieavailable,it

becamepracticaltostudyquantitativelythe relativestabilityof

19
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the campoundwith respemtto the variousmaterialswhichmightbe

consideredPraotioalfor the instructionof apparatusfor its ~

dlingand storage. Resultswere obtainedfor the decompositionof

e~ plutoniumhexafluorideat rocmtemperatureon oopper,niokel,

platinum,silversolder,braes,and Fluorotheneplastio.

Duplioateactsof thinstripsof the variousmaterialewere 8us-

pendedfromnickelwiresin two nickelvessels. The stripswere first

conditionedby heatingto 10@ in “fluorine;thenplutoniumhexafluor-

ide was distilledIntothe niokelvesselsandthe vesselsclosedoff

and allowedto standat room _~atur8• After$4 hoursthe plu-

tiniumhexafluoridswas evaouatedfromone vessel,and the strips

mre removed,uaighed,and washedin nitricacidto removeany pl>

toniumtiich~ hava depositedon them. The ~ solutionsfrom
H

variousstripswerethen assayedfor plutoniumby count$ng. The

secondset of stripswas treated.inthe

to plutoniumhexafluoridefor 269hours

The resultsare tabulatedin Table

sameq afterbeingexposed

at roomtemperature.

IIS. Of the makerialstested,

nickelappearsto be the best,with copperseaond,for prolongedex-

posureto plutoniumhexafluorideat roomtemperature;however,platin-

um appearsto be betterfor exposuresof less than ~ hours. The

rateof attackdiminishesconsiderablywith increasingexposuretime

exoeptin the caseof Fluorotheneon whiohplutoniumwas depositedin

mounts nearlypxmportionto the timeof exposure. Also the pluton.

ium appearedto soakintothe l?luorotheneso that it couldnot be

20
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removedcompletelyby washingin acid.

Visualinspectionof the test stripsrevealedlittlechangeof

appearanceexceptin the caseof silversolderwhhh had turnedalamst

blackon exposureto fluorineand turnedstilldarkeron exposureto

plutoniumhexafluoride.However,tiny scratchesnot covemdby the

blackcoatingwere present. ‘l’hepresenceof theseunoorrodedscratohe~

is assumedto be-relatedto the methodof preparationof the test

strips. Priorto exposureto plutoniumhexafluoride,the silver

solderstripswere cleanedin nitricacid. This treatmentproduoed

a qyitesoft,whitishbloomon the strips~ Thisblocmwas not polished

off,but portionsof it were.scratcheduhilehandlingthe stripswith

metal forceps,and it is believed

the uncorrodedscratchesapparent

fluoride. If this interpretation

that thesescratchesare the saneas ‘

after-exposureto plutoniumh~

is correct,the corrosionproperties

of a polished,sflver-sddersurfaceshouldbe quitedifferentand

betterthanthoseobservedfcw a surfacewhichhas been cleanedwith

nitricacid.

I

I
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TableIII

Deconmositionof PlutoniumHexafluorideon VariousMaterials

Material

Copper

Niakel

Platinum

. Silversolder

Brass

Fluorothene

8.5 hourExposure 269 hour~sure Ratioof
wt. gain* Pu wt. gai@ Pu m

‘w) &s) ‘w)
Depo8its*

%3)

0.3

0.15 .

0.1

0.3

0.2

0.2

4.2 0.46 944 2.24

3.2 0.65 .?.1 2.21

2.3 0.55 9.1 3.94

55.5 1.60 230.0 4eu I

5.5 O*5 26.7 4.85

10.6 0.3 35300 33.30

* The weight gainsfor the 8.5 hour ~sure are scxwwhat
unce~-beta-~e plasticcapsused on ~he weighingvials
sufferedwsightchangesfor whichcompletecorrection~
not havebeenmade.

%+$mtio of 269 hou plutoti~ depositto 8.5 hour.deposit~
The ratioof the exposuretime is 31.6.

VI Plutonium(VI)* fluoride

A residueobtainedwhen plutoniumhexafluoridewas exposedto.

moist air was submittedforx-rayanalysis. Onlya veryweak pattern

was obtained,but the evidenceis fairthatthe substancewas pluton-
.

ium(lll)acyfluoridewith the formulaPU02F2. In,general,onlythe

strongerlinesof a patternof uranium o~uoride, whichwas

used for comparison,had counterpartsin the patternof the plutonium

compound. In TableIU are recordedthe valuesfor the titerplaner
.

spacings,or ud~ values,fromthex-rsy diffraction,~ttern,which

couldbe measuredfor the plutoniumcompound,togetherwith

I
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oo~sponding valuesfor uranim@I) oqyfluoride.

TableIV

A

g

5.264
3.502
2.256
2.077
10939
I.?&l

1.629
1.382

::?%
1.174
0.993
O.m

An

residue

~n of ‘d”Valuesfromthe X-- Diffraction
Patternof Plutoniumand Uranium(kgyfluorides

~#’2 U02F2

Intensity Q Xntenaity

lus 5*184 m
ms 3.502 ~
m’
m 2.091 a
w 1.941 8
Vw 1*771 w .

l..g w
Vhr n
Vw 1.365 w
VW 34339 m
VW 1.211 m
Vw 1.179 m

0.994 w
VW o@99 w

0.898 w

additionalphasewas detectedin the ~r~ patternof a

reetiltlngfromdecompositionof plutoniumhexafluorideafter

long standingin the apparatw and pxwbableexposureto moist air.

Althoughits chemicalcompositionis unknom, it was identifiedas

the samephaseas thatobtainedwhen hydrogenfluoride~ passed

overmoistplutoniumperoxideprecipitatesat temperaturesbelow

@@e
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