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ABS!tRACT

of refraction of Pu02 made

gradmlly increases from a

by thermal decomposition of

value < 1.9 to 2040 as the

decomposition temperature is increased lkxn 150° to 1000”C. This change

in refractiveindex parallels a gradual change in the x-ray di.ffraction

pattern from weak, diffuse lines for Pu@ ignited at 1%3° to sharp, well-

resolvedlinesfor lm~ ignitedat 1000°C. Similarresultss+e observed

for PU02made by thermaldecompositionof PU2(C204)9”11H20. The

refractiveindex of Pt.@ made fr~ Pu ~tal at 170°ciS 2.40 and Is not

affected by furtherignitionat highertemperatures,althoughcrystal

growthdoes OCCUI’.

The rate of solutionof PUOZ in an HC1-KIsolutionis greatestfor

samplespreparedat low temperaturesand decreasesmm?kedlyfor oxides

ignitedat highertemperatures.

Theseobservationshmrebeen interpretedto mean that ignitionat

highertemperaturescausesa gradualperfectionof the cn?iginallyhighly

distcmtedand impurity-containingI?@ latticeobtainedby low temperature

decompositionof the oxalatesand promotesthe slow growthof crystallite.

Both factorsdecreasethe reactivityof the m%.
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INTRODUCTION

It has been observedby many investigatorsthat the rate of reaction

of PU02with HF gas is affectedmateriallyby the historyof the particular

(1,2,3,4)
sampleof oxideused.

As part of a studyof this effect,the Indexof refractionof pu~

made at differenttemperaturesfrom severalstartingmaterialswas

measured. The rate of dissolutionof the Pu~ in an HC1-KIsolutionwas

determlned$and an effortwas made to correlatetheseuasurementswith

opticalmicroscopeand x-raydiffractiondata.

5
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EXPERIMENTALPROCEDURE

PREPARATIONOF OXIDESAMIWZS

Oxidesfromthreedifferentstartingmaterialswere made by the

followingprocedures:

ThermalDecompositionof ~(C@4 )3.ll&O - Approximately150 grams

of plutoniumin nitricacid solutionwere purifiedby successiveperoxide

and oxalateprecipitations(thelatterfroman HI solution),afterwhich

the Pu III oxalatewas ignitedto PU02at 6W”C in an electricmuffle.

A smll ~rtion of thismaterialwas ignitedlongerat 600”c;a sample

was removed,and the remainderwas ignitedat 950- l@°C. The

experimentalconditionswere as follows:

Sample IgnitionConditions

1 18hoursat temperatures<
4 hours~00+600”c:
1/2 hour at 600* ~OeC

2 Additionalignitionof 2.4

;~?h;;s at 600 ~ W“C

yx)”c

gramsof

3 Additionalignitionof sample2:
2-1/4hoursat 600 A 30”C
1 hour 600 +950°C
1-3/4 hoursat 950- 1000”C

ThermQ Decompositionof PU(C204)a06&0 - Approximately 80 grams of

plutonium in nitric acid solution were purified as before by peroxide and

oxalate precipitations. Reduction with HI was omitted in the last

precipitation in m?der to producePu lV oxalate.

6
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The Pu IV oxalatewas i~ited in a platinumboat in a nickel

combustiontube furnace. The m@.mum temperaturevariationover the

fulllengthof the boatwas 25° at 1000°C. Ignitionat any one temperature

was

per

was

continueduntilthe weightof the material

hour of heating. A 5 gram samplewas then

heatedat the next highertemperature.In

carriedO@ at 100° intervalsbetween100°and

decreasedlessthan O.Ofi

removed,and the remainder

thisway ignitionswere

1ooo”c ●

A smd.1sampleof the 400°materialsubsequentlywas heatedfor an

additional257 hoursat 400 & 15°C,and a portionof the 6000materialwas

heatedfor an additional162hoursat 600&15”c.

pu~ from PluiX)ni~ Metal - Approximately 19 grams of pu~ were nade

by the reaction of a

o~gen at 16o - 1’70”c.

Precautions were taken

exceeding 170°C.

metalturningswith watervaporin a slow streamof

(Theoxygenwas saturatedwith watervaporat 25eC.)

to preventthe temperatureof the oxideflwmever

Two5.5 gramportions of this material were ignited to constant weight

at 535 & 10°C and 950 * lq°C,respectively.

7
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HC1-KIDissolvingTEST

As an indicationof the reactivityof the differentoxidesthe following

reactionwas used:

PU@+KI+ 4HCl=PUC13+ l/2 12+ K!l +2&0

The &actions of differentsamplesof PQ which dissolvedunderstandard

conditionswere takenas a measureof theircomparativereactivities.

All experimentswere carriedout In 3.25ml flasks at 28.5 * 0.5”C.

1.3 - 1.5 gramsofPu@, 3.00~ams ofKI, and 50.0mlof9.9NHCl

solutionwere addedto a flaskand the mixturewas stirredfor 18 hours.

To preventair oxidationof iodideion in the acid solutionthe reaction

was carriedout in an argonatmosphere~The residuewas filteredand

washedwith 2.5M HC1 solutionafterwhich it was driedfor 4 hems at

150°Cand weighed. The filtratewas dilutedto 200 ml and analyzed

for plutonium.

Two additionalseriesof reactivitymeasurementswere made with lW

temperatureoxidesin whichthe reactiontimewas reducedfrom 18 hoursto

1 hour. In the secondof theseseriesthe HCl concentrationwas also

reducedfrom9.9 to 4.9sN. The otherconditionswere unchanged.

8
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RESULTS

Microscopicexaminationsand x-raydiffractionanalyseswere made

by EugeneStaritz& of CMR-land F. HO Elliw= of M-q) respective~~

Their resultsare givenin Tables1 through5. (Plutoniumand carbon

analysesfor the seriesof oxidesfromPU(C204)206&0are tabulated

In the tablein

data from!l%ble

Reactivity

the appendix.) Refractiveindexvs. ignitiontemperature

2 are also plottedin Figure1.

of Oxidesin HC1-KISolution- The reactivitiesof samples

of PQ made fYOIU ~(C204)3~ll~0 ad PU(C204)2*6&0are sh~ h

Figures2 and 3. The reactivityis expressedas the percentageof’the

available PU which dissolved in

under Experimental Procedure.

Since the relh?activeindex

the standardHC1-KIsolutionas described

.
of Pu02preparedfrom a metalwas

2.4oregardlessof ignitiontern,perature,no similarplot couldbe made

for it. However,the reactivitydid varywith ignitiontemperatureas

shownin Tableb.

-91
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Sample
Number

1

2

3

-.. .
‘ratu.ez

Opticaland X-rayData for P@ fl?oml&( C@4)3”llI&0

MaximumIgnition
Temperature (“C)

600”C (1/2 hour)

6CX)°C(8-y~4 hours)

930 - 1000”C

Microscopic
Examination

Homogeneous,an-
isotropic,refractive
index2.235A 0.01

Simllerto (l).
Portions have
Indices considerably
in excessof 2.3

Bulkof sample
isotropic.
Refi?activeindex
2.34. A few
anisotropicgrains.

X-ray
Diffk’action

Puo&apattern.
Fuzzylines
typicalof fine
grainsize.

---

?u& pattern.
Sharpllnes.
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Sample
Number

1

2

?

2
7

8
9

10

11

12
13
14

Table2

Opticaland X-rayData for P@ fromPu(C204)206H20

Ignition
Temperature

_-EL-
Room Temp.

150
150

500
600

&xi

8oci
900

1000

Microsco@
Ignition Examlmtion

32uiex X-ray

& of Refraction Diffraction

33 (WSI 1.65-1.7w

8.5
35*!5
49
21
50
307

40
40

1.83-1.91
1.89-1.93
1.94-1.98
2.06-2.10
2.15-2.21
2.20-2.24

2.3%
2.34

2.%$5

24.5 2.37

1005 2.39
5 2.4o
2.5 2.4o

Very weak,diffusePu~
lines. A few extra
lines.

Weak,diffusePu& lines
becomingprogressively
strongerand less diffuse.
No otherlines. Crystal
grainsize< 0.1 y .

Linesstillless diffuse.
Grain size still< O.lp.

Similarto 40 hour 600°
sample.

End doubletspartly
resolved. Grainsize
-Oolpe

LinessharPIY resolved-
Good I?@ &ttern.

+&Unidentified~@ c~ent -s bfiefringent with a man index of

11

1.55.
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‘J!able3

Opticaland X-rayData for Pub from Q PhaseMetal

Ignition
Sample Temperature Microscopic

= & ‘-at:~on

1 i70 Homogeneous,isotropic,
index2.40

2

3

335 Homogeneous,isotropic,
index2.4o

950 Homogeneom,isotropic,
index2.4o

12

X-ray
Diffraction

Diffusepattern. Grain
sizeestimatedat less
than 0.1 u .

Somewhatless diffuse
than (l).

Linessharplyresolved.
Good Pu~ pattern. Grain
size slightlygreater
than O.lp ●
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Table 4

Reactivity of P@ Made from Q’Metal

Ignition
Sample Temperature ~ Pu Dissolved
Number ~ in HC1-KITest

1

2

3

170

555

950

63.6

24.5

4.2
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DISCUSSION

On the basisof the observedopticalproperties,x-raydiffraction

patterns,and dissolutionexperhents the samplesof PQ can be divided

intothreemajorgroups:

Group I - Oxideswith low refractive index and main size <0.1 P .

Samplesin this ~oup are characterizedby a high reactivity. !l!hey

includeall samplesof PU02 preparedby ignition of Pu III and IV oxalates

at temperatures below 700°Co These samples are composed for the most part

of tiny crystalliteof Pu~, in sow regulararrangenm?nt,embeddedin a

matrixconsistingof a disorderedPu~ lattice. The lattice=y contain

intercalated carbon and excess oxygen ions as impurities. The reactivity

of these samples can be attributed to the poorly crystallized, strained

mtrix materialwhichprobablydissolvespreferentially.As the ignition

temperatureIs i$creased,eliminationof the”impuritiesby diffwion beccxnes

morecompleteand is accompaniedby furthercrystallizationof the P@ In

the matrtiwith

is corroborated

the appendix.

the resultthat the reactivity decreases. This explanation

by plutonium and carbon analyses reported in the table in

The dissolutionreactivityof samplesin this grouprelativeto one

anotherwould seemto be predictablefromrel%activeindexmeasurements

alone.

. 17
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Group II - Oxideswith highrefractiveindexand grainsize<0.1 # .

SamplesIn this groupalso sre characterizedby a relativelyhigh

reactivity. The 170°end 535° samplesof l?u~ obtained

the onlymembersof this groupwhichhave been prepared.

is attributedsolelyto the finegrainsize.

Predictionsof the relativereactivitiesof samples

fhmmetal are

Theirreactivity

in this @OUp

wouldrequireboth refractiveindexand grainsizemeasurements.

GroupIII - Oxideswith highref%ctive indexand grainsize> 0.1 # .

Samplesti this groupare typicalof the “refractory”oxideswith a

low reactivity.l!hey~esumably“IncludehighlyIgnitedsamplesof PQ

preparedfrcmany source. The low reactivityis attributedtothe high

degreeof crystallinityand lackof impuritiesas evidencedbythe high

refractiveindexand well-definedl?u~x-raypowderpattern.

18
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CONCIXEJIONS

From the foregoinglnfmnationthe followingtentativeconclusions

havebeen drawn:

(1) Thermaldecompositionof’pu III and N

accomplishedby meansof a gradual.transitionin

oxalateto Pu& is

dewee of crystallinity

fromnearlyamorphousmaterialat low temperaturesto

I%@ at high temperatures;i.e.,a gradualperfection

highlydistortedlatticecoupledwith the slow growth

the ignitiontemperatureis increased.Deco~sition

proceedsgraduallyevenat room temperature.

well crystallized

of am originally

of crystalliteas

of the oxalates

(2) The reactivityof PU02 fromFu III and IV oxalatesand from

Pu =tal decreaseswith increasingtemperatureof ignition. The relative

reactivityof differentsamplescan be estimatedif the refractiveindex

and an x-raydiffractionestimateof grainsizeare known.

19
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Sample
Number

o

1

2

3

k

3

6

8

9

11

)2

13

14

~..;

,,
● 0 ● 0. :00 ●:0 :00 ● 0

● e . .

Plutoniumand Carkon
Preparedfrom

Analysesof Samples
Fu (IV)oxalate

Ignition Tim??of
Temperature Ignition

-lQ_— _(hours)

Air-dried 9 (days)

Room temperature33 (days)

100 * ~“c 42.5
lx * 15°C 18.5 “

Iyl * 15°c 3595

200 * 15°c! 49

300 & 15°c 21

4~ * 15”C 50

500 * 15°c 25.3
515-540 14.51
600 k 15°c 40

700* 15”C 24.5

&Xl * 15°C 10.5

CJ(-x) * 2000” 5

825 - 9W 1
1000 & 20”C 2.5 1

Plutonium
Content

(35)

5392

77.4

79.8

83.2

86.3

87.0

87.4

87.7

~“9

8800

8800

88.1

—
● m ● ** ● . . . . . .

● 0.... ●::● 0.: ● .
: 210; : ●0

● e.
● m ● . . ● .* . . . ● *. . .

of Puo&a

Carbon
Content

A

.-

6.2

2.6

1.7

0.79

---

---

oo~

0.06

O*O4

0.07

0.06

0.05
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