LY

APPROVED FOR PUBLI C RELEASE

- VERIFIED UNCLASSIFIED
{ JUN 1 1 1978
. /\,4%;6

i ’_,/\- N
. UNCLASSIFIED
. £NC
oo REFER
/,
Yor
rOO!
R e DO NOT CIRCULATE
£N FR
L TAE Retention Copy
ot 1°
X Wo- 193
14103 )
SERIES B O
bocember 20, 1944 This dooument contains 20  puges
LARGE-SCALE PREPARATION OF
THE ANHYDROUS FLUORIDES OF PLUTONIUNM
LORK_DONE BY: REPORT WRITTEN BY,
T/3 S, E. Bakes I, B. Johns
p /bwt, J, Crom G, H, Moulton
GC. 8. Garner
Iv, B, Johns
¢, K, Moulton
=_I[
gs © :;
g 9.
=M
I=—o0
=0
Pi=V=m
an‘
2==O. .
=™
§—ES”)L - mant contajne iﬁor*\@ﬁt}ﬂ aflact
9_=—2; ) . ) e
—_— :F - -
|

UNCLASSIHED

APPROVED FOR PUBLI C RELEASE



ABOUT THIS REPORT
This official electronic version was created by scanning
the best available paper or microfiche copy of the 
original report at a 300 dpi resolution.  Original 
color illustrations appear as black and white images.

For additional information or comments, contact: 
Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov



APPROVED FOR PUBLI C RELEASE

uumssn
-— -

(2]

..v.

The enhydroue fluorides of plutonium have buen prepured by the
reaction of anhydfous hydroscn fluoride on plutoryl nitrats, trivalent plutorl
oxalate and plutonium dioxide. The fluorides of uranium, thorium and ceriun
hinve boon prepaied ty sors of those roactions also. The reaction of hydrogen
fluoridc on the oxidu has boen chosaen Cor the largu-scale praeparation of
plutonium totirefluorids. The oquilibrium constant for this reactina hag beon
determined at 400° and at 600°C, To obtain the most rapid aund complote rauctic:
the effects of the following variables have been studied:

Tewsorature of iznition of the oxide
T smporsture for reaction with HF
i2t%e of riso of temperature
Psia of tlow of gas mixture
Nepth of oxide leyer
Drynoss aof tﬁe ges mixture
Uewposition of the zas mixture
Yhe best conditicnms for conversion on the 8ug-to-25.g scale ars deséribad)

The convoersion of fluoride hack to oxide is mlso described,
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LARGE-SCALS FRIPARATION OF THE AJHYDROUS FLUORIDES OF PLUTONIUM

Introduction

Rosearch on the large-scale proparation of the anhydrous helides of
plutonium has been undertaken as & part of the program for the production of the
metal, The initial studies dealt with the production of the fluorides because
they were considered to be the most promising compounds for reduction purposes-
Failure to obtain efficient reductions, together with the possibility that traces
of fluorine in the metal misht prove harmful, ocausoed sttention at that time to be
directed to the production of the trichloride. This work was succeasful. Good
anhydrous plutonium trichloride was prepared in quantities equivalent to 10 g
element with which the metallurgzists produced satisfactory reduction {LA-112),

A 1little later, the lowering of the purity requirements together with the fact
that the ylelds oblained in reducing the trichloride were never as high as desired
lead to a renewed study of tho fluorides. The superior yields resulting from the
use of tho tetrafluorido and the satisfactory purity of the metel indicate thet
the fluorlide is, to date, the bast compound for use in reductions. Its none-
hygroscopic nature is also a great.advantagea

Cerous and ceric fluorides were also prepared in kilogram quantities
from cerous oxalate for use as stand-ins by k. D. Baker in scaling up the re-

duction procedurae.

Experimsntel

A, General Reactions

The followinz reactions have been employed for the production of the

fluorides of plutonium, thorium, uranium and cerium:
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a)
b)
)
)
°)
£)
g)
h)
i)
3)
<)
1)
m)
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Th(n03)),-LHx0 + HF -—s> ThF)
Pu0,(NO3z ) xHp0 + HF —> PuF),
PuOo(NO3)p<xHp0 -+ HF + Hp —3> PuPy
Th(N03)), “LHp0 —> ThOp —2 THF),, incomplete

Pu0p(N03)p°xHR0 — PuOp—> PuF3 or PuFy

“UNCLASSIFIED

UOp(NO3)p+6Hp0 —= U0z —> Uz0g—> U0y —> UF),

Th(CgOh)a"XHgO' + HF —> ThF),
092(02014)3 XlipS 4+ HF —> CeFz
CeF3 + Fo—> Cth‘
U(C20),)ooxHp0 -+ HF—> UF),
Pup(C20), ) 2°xH20 4 HF ——> PuFz
PuF3z + HF 4. Op —> PuF)

Pun(C20) )3°xHo0 —> Pulp ~—-» PuFz or PuF

The conversion of the fluorides hack to oxide has been studied;

n)

PuFgz or PuFj + 0o, Hp0 or NHz ———> Fulp

B, TFxperimental Proceduros

L, The formation of fluorid¢is by the reactien ol i with crystalline

nitrates gave the eérliest succesaful preparations of the fluorides of thoriuwa

and plutonium in this laboratory.  The fluorides prepared in this way are rather

fine grained and bulky.

wes not continued,
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Because of their bulkiness this method of preparation

Theso preparations are tabulated in Table I,
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TABLE I

Reaction of Nitrates with Hydrogen Fluorids

S o e

Prepoho. Sample Treatment Product Analysis
90-18 73 g Th(N03)),"LHZ0 HF 25° Zo 550°, {ThFy, Ignition
hre
89-6 3.3 mg Pu as Pu02(N03)h'xﬁgo HF 21° to 500°, PuF5(a> Xeray; ignition
10 hrs oxygen 0.24%

nitrogen 0.10%
89=9 3.3mg Pua

n

PuOE(Noj)b°XH20 HP 20° ta 2509, PuF), X-ray; oxygen Oojj%i

L krs nitrogen 0.02%
90=7 3.1 mg Pu a8 Pu02(N03)h°xH20 HF 209 to 5500, Pqu
6 hrs
89-21 50 mg Pu as FuO(M0z)),-xHp0JHF 20° to 3209, |PuFj, X-ray; ignition
9 hrs
6925 50 mg Pu as PuOp(K03z)],.xHpOlHF 20° to 5500, PuF3 Xerey
62 hrs
89-25 ]1000mg Pu as PuOp(NOz)j, -xHpOHF 200 to 550°, |PuF), X=-ray; oxyzen 0.03%
8 hrs nitrogen 0,006%
89--28 1000mg Fu as Pu(X0z)), HF 20° to 550°, Pth(b) X=ray; ignition
. 5z hrs

a) At carly stages in the reaction the product was first light brown and then

gray in color, Xeray diffraction pattern: of this material showed the presence
of both tri~and <tetrafluoride,

o) Observed after treatment with HF at room temp3rature. The light-tan-colored
tetrafluoride had formed, still viet with the water of crystalligzation of the

nitrate.
It is to be noted that the product was in some cases tri- and in some
cases tetrafluoride and in soms s mixture of both, Later the Chicago group showed
{CF-1372) thet either the tri- or tetrafluoride could be prepared by ed’xing

Ho or O , respectively with the HF,

. UNCLASSIFIED
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I1. The fermation of fluorides by the reaction of HF on oxalates wasg
also successful. The results of studies with thorium, uranium, cerium and
plutonium are given in Table I1I.

"IBLE 1IX
Reaction of HF on Oxalates
Prop. Noj Sample Treatment Product Analysis
) G0=9 2L5 mg 'zh(ceob)aoéﬁeo dr, 200 20 550°, |100% ThF), | ign. to ThOp
hrs
90=20 200 mg Th(caoh)eo'éﬂeo' HF, 20° to 550°,|100% Th¥, { ign. to ThOp
6 hrs
89-13 | 2774 mg U(CR0,)p HF, 22° to 560°, UFy,
15 hrs
89=1 4% mg U(C2o)4)2 HF, 22° to 550°, {1004 UF), | ign. to Uz0g
2 kra -
90-8L ]300 mg Cep(C20),)3°10Hp0 | HF, 20° thSOoo. 100, CeFz | F analysis
rs :
908l n87 mg CeF‘; _ HF 405, 20° to 11004 CeFz | 1o wt, change
500°, 1 hr
90--87 500 mg Ceg(Cg%)BoHQO we, 20° to 500°,{100% CeF;
1 hr
90-88 (U0 mg CeF3 %=, 20°, 45 min |no change
90-88 |3L00 mg CePy Fp, 210°, 13 hr }100% CeF), wt, increase
9089  %7.5 g Ce2(C20L)3°Ha0 HF, 500°, 3 hrs
90~77 {8l.l mg Pu as Pup(Co0y,)3 | HF+ O, 350°, 100% PuF), | X=ray; ' analysis
1hr igan. to Puly
90-102 ¥3320 mg Pu as Pus(Cs0y},) HF 4+ 0p, 25° to 1007 PuFy { wt. change
2 "2 /3 600°, 3 hras L
90-105 8,7 mg Pu as Pue(czoh)g’ HF, 25° to 600° {1007 PuF; wt. change
. 1 hr
90-107 847 mg Pu as i’ul“3 HF 4 05, 600°, 100/ P“FL; wto change
BE RS - TIRCHE SS . S 7.,.. Q,‘.._;E, ‘_f—:."E; _'A: .:. -
o. : [ & : :. : :
.oo o:o :n e00 o0e O°
_ . 3 oo Tl °
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this reaction ropresents the easiest method for the preparation of thess fluorides
in all cases where the oxalate is available. In the case of uranium, the +U
oxalate is somewhat difficult to prepare ;.. good yields A critical study of the

preparation of UFy is pgiven by kalsh and Lasovick in LA-15G.
L y

I1I, The formation of fluorides by the action of HF on oxides has been

successful in the preparation of PuFs, PuF), and UF), but was unsuccessful for the
preparation of 'I‘hF'I_!_V The ease of reaction depends upon the nature of the oxide,
iL.es, compound from which made and temperature of ignition.

Wwhen crystalline plutonyl nitrate is dehydrated at elevated temperatures
in dry air, it reeches a weight corresponding to that of the anhydrous nitrate
at 150° to 175°C, It begins to decompose at about this same temperature. Tho
decomposition is essentially complete at 275°C though the resulting oxide shows
continual small decreases in weight when heated to higher temperatures, attaining
constant weight only after being heated to 800° to 1000°C. The oxide formed is
Pu0s. No evidence of a higher oxide, corresponding to 003 has been’observed
{LA<172),

The conversion of the oxalate to oxide proceeds smoothly. The hydrataed
oxaiate becomes anhydrous et about 225° and begins to decompose at 300%, The
decomposition is rapid at 325° and essentially camplete at LOO® though the weight
is not comstant until the material has been heated to 800° to 1000°C, No evidence
of a stable carbonate or sesquioxide has been observed (LA=172). The oxide prepared
from the oxelate does not adhere to the platinum boat as does that prepered from
the nitrate, The so-called "high-temperature ozide", i.e., ignited to 1C00°C, was

chosen for use in preparing the fluoride because the resulting fluoride possesses

+he most suitable density. T O L
— .:O 0:. :.. 0=0 :oo :o
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Four reactions have been studied:

a) PuOp <+ 3HF + 3Hp —u PuFz 4 2HpO

b) PuOy + LHF ($0p) —> PuF), + 2liz0

c) Pul), + #Ho (HiF) —S PuFz 4 1F

a) Ei’qF3 + 2HF + 30p—> 2 PuF; 410
Of these reactions (b) was studied most thoroughly because it is to be used in the
large=scale preparations. The study consists of the following parts:

1., Dletermination of the equilibrium constant for reaction (b).
2, Lffect of temperature of ignition of the oxide.
30 Lffect of temperature on reaction with hL#'e.
Lo, Fffcot of rate of rise of temperature during reaction,
5. Effect of rate of flow of gases over the charge.
6, Fffect of depth of the layer of oxide.
7. Effect of moisture in the gas mixture,

8. - Composition of gas mixture, ratio of HF/OE, HF/HQ°

In order to study the effect of these factors on fhe rates of reaction,
an apparatus was constructed in which the sample, suspended from the beam of a
torsion balance, ¢could be weighed continually during the course of the reaction.
The apparatus is shown in Fig9 J, which is selfwexplanatory,

1. Determination of the Fguilibrium Constant for the Reaction:

PuOp+ LHF ——— PuF), + 2Hp0
The concentration of Ho0 vapor in the gas stream was progrescively ine
creased until the ratio, HQO/HF» was found at which reaction ceased or was reversed,

as judged by change in weight of the sample on the torsion balance.  Fixed rates of

° o0 (X )
fow of IIF and Op were used, In th§§ﬂ°?kéeri&;v$; Eh? rate of flow of HF was
[ o [ M4 3 o o
[ ] o0
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accurately determined during the experiment by drawing the exit pases from the
reaction tube through standard alkali and back titrating the excess alkali. At
these elevated temperatures HF is known to be unassociated. Oxygen was measursd
by means of the usual glass flow meter, The oxygen was bubbled through water and
the concentration of vater vapor calculated from the tamperature of the flask,
The oxygen was considered as an inert gas, serving merely to carry the water vapor
into the reaction tube, Its presence is necessary, however, to prevent reduction
of the tetrafluoride to trifluoride by the traces of hydrogen present in the hydro-=
gen fiuvoride,

The equilibrium constant vas determined at L,00° and at 600°C. At
temperatures lower than 400° the reaction was found to be too slow for a reliable

determination by this mcthod. The deta are presented below:

Temperature Partial Pressures, atm. K¢ =
op o LL
HE HoO 0 2
2 2 P00 /P e
1,00 0.38L | 0.175 0.LL2 | 1,40
600 1 oo535 0ollil 0,325 0.2

The observed change in K with temperature requifcs the heat of reaction
to he =9000 cal/wmole (heat evolved), Tho thermal data are not known for plutonium.
Wor the conversion of UO, to UF; the heat of reaction is 16 K cal/mole at 600°C
and one may assume that the heats of formetion of PuO, and Pth are reasonably
comparable to those of U0, and UFuo

2. The temperature of ignition of the oxide has little effect cn the

rate of rcaction (b) unless the ignition is carricd above 1200°. 0xi4e ignited

&t 1400°C reacts with HF only about half as repidly as oxide ignited #o 1000°.

LR TTY :
fgniting at lower temperetures does not materi§1§y iegeasgy the reuctjvityo The
e o % o o o : [

: °0 20s .°
compurison of the rates for 1000° and 1 (C? OXi§es<H§fhé°L¢:t

WD FOR PUBLI C REt'EASE
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%, The temperature used in the reaction with HF has a great effect.

At room temperature the oxide will sbsorb 13 to 1l of its weight of anhydrous HF.
Thig corresponds to the additica of 2 mels of i per mo) of Pulp. Abcut 70 to

/5.» of this weight increese is lost again on wairming to 150°, If the HF is not
admitted to the oxide until the temperature has reached 150° then no appreciable
resction occurs until the temperaturs reaches 250°, +Vith samples of 7 to 8 rrams
i vag been found that the product formed in the room=temperature reaction igc cone
verted only very slowly to tetrafluoride at higher temperatures. The conversion
to tetrafluoride is accomplished more rapidly when HF is not admitted until the
temperature is well above 150°,

The rates of conversion of 200-mg samples of oxide to the trifluoride
{renction a) at 250°, 550°, 4502, 5502 and 650° are given on Figo III. In each
experiment 50 ml/min. Ho and 175 ml/hin HF wore used, the HF beins admitted only
after the desired tomperature had been reached,

The rates of conversion of 200-mg samples of oxide to tetrafluoride
{reaction b) at the came temperatures and rates of gas flow are given on Fig. IV.

A comparison of Fig. III and IV shows that the reaction to form trie
Cluoride (a) ip considerably faster than the formation of tetrafluoride fb)n' The
vavctions were not carried to completion, only the weight change during the first'
.x1r hour being recorded.

The oxidation of trifluoride to tetrafluoride and the rcduction of this
1ztter back to trifluoride have becn studied with the torsion apparatus. The re-
Jduction proceeds from 5 to 8 times as fast as the oxidation, as shown by the curves
on *ige VI. The same sample was used in all these reactions, the trifluoride
obtained in the first reaction, A, prepared from the oxide, was then oxidized by

oo
means of UF and Op to the tetrafluoride, curvd f:wimttetyagluorido being then
oo [

reduced to trifluoride azain using HF and Hp, E::.u!‘:f.e 12 s ol -“.;.3 ihe reactions wero
mEBERVED FOR PUBLIC RE(EASE £ +,8 *i
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cun at 600° with 175 ml/min of IIF and 50 ml/rin of Oe.or Hoo

The resctions were run only for a short time, It is to be noted thet
teva ciadetion and redusiion brinss the conversion more neerly to completion.
Reduction followed by oxidation is & trick that has been used in thiz laborntory
« cases wiere the sample has refused to convert comoletely by direct reoofion wibh

HE and O». leaction cen be forced by slternate roductions and oxigdatiors at ¢nn®

This treatment results in a progressive swslling of the fluoride and is noit dusic i~

wnen the highest density is required, As an example of the effcctivensss ci thia
procedure the data on Lot 201 P are given. This lot of 8,L5 g oxide almost ceased
to react after being 924 comverted to tetrafluoride., After a reduction to tri=-

“luoride it was then converted to tetrafluoride 93.44 in 40 minutes.

Lot 201 p 8,45  oxide

HE + On, 2 hrs, 6007 0l.4,0 converzion
WP » 0o, 2-3/4 hrs, 650° 92,05 conversion
HF - Ho, 1 3/4 hrs, 6509

HF - Oz, LO min, 600° 99,ly4 conversion

!»« Tho rate of rise of temperature vas found to be very inportant

ancn wsine larger semples of oxide (7 to 8 m). As indicated in sectisn T, the

srcsence of moisture at low temperatures vroduces a nore slowly reactine substance.

o

o this resson the reaction must not bs startod at temperatures below 200° and the

aoirtbure formed in the reaction must not be formed too rapidly but must be iemoved
4 ravidly as possible, i the reaction is started at too low a temperature, some
o the unreactive material montioned above (sec. 3) is formed. If the rcaction is
started at 6002 with a rupid flow of HF, the rapid evolution of »ater will causs

.

%3y, iutroduzing the iF when the

ceking. These difficulties can both be elimiry
[
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charge has reached 400°C at which temperature the reaction is still rether slow,
wnu increasing the temporature to 600° in the course of an hour, using & rapic
riow of yases during ths vwhole conversion.
The data on lots 200 I', 205 i and 206 !' illustrate these points.
Lot 200 P, 08,2 g oxide
Temp, raised to 600° in 38 min.
Taap. held at 500° 2 hrs. 91.2¥ conversion
Jdested at 600°, 3! hrs. lonrer 9QL.1% conversion
Heated at 600°, 1 hr. longer 94 .8,{ conversion
Lot 205 P 7.89 g oxide
Temp, raised to 200° in oxygen only
HF and Op on at 200°
Temp. raised 200° to LOO® in LO min,
Temno raised LOO® to 600° in 1 hr.
“em~, held at 600° 1 hr. Q9.,0,5 conversion
Log 206 P 8.21 g oxide
Trape. raised to 200° in oxygen onl&
#¢ and O on at 200°
ranp, raised 2009 to 600° in 18 min.
vomp,. held at 600° 2 hrs, Q3. conversion
Temo. held at 600° 2 hrso lonper $5.6% conversion
+*ha affect of rapld heating from 200° to £00° is shown by the voor
sunversion or lot 206 P compered to that of lot 205 P. The still more barmful

vi'’2ct of admitting HF at room temperature, together with rapid rise of temperature

i8 illustrated by the performance of lot 200 P,

APPROVED FOR PUBLI C RELEASEfo
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5. The effcct of rate of flow of gases over the charge could not be

stndied vith snall samples, In all preparations to date the rate of flow has beon
considerably in excess of actual requirements, This factor will be determined
when larper samples are available,

6. The effect of depth of layer of oxide has been investigated in a

preliminary way by using epproximately the same conditions for the conversion of
several sizes of samples and noting the time requiroed Lo securs 98 to 995 conversion.

The data are jivon below;

Lot No. g Oxide Arégﬂcme mg/bme Time, ﬂ}sc fZ“?:Z:Z?EESHﬂ
120 P o623 [ 11 | 567 0.78 B
20% p 8.174 %0 272.5 2.50 98.6
205 p | 7.80 30 263.1 2.67 99.0
i 207 P G.036 30 301,2 44,00 96,0
2131211;, 26,36, 30 6975 10,00 97.0
515 p

Theae date indicate that. as & first approximation, a nearly linear
relation exists between the thickness of the charge and the time reguired to secure
©8 to 99% conversion of the oxido to the tetrafluoride.

7. The effcct of moisture in the gases is illustrated by the three

curvea in Fig. IV, Curve A shows the rate of roaction using dry oxygen and
anhydrous (.02 HpO) HF. Curve B shows the rate using anhydrous IIF and oxygen
buodbled ‘through vater at LB°C (v.po 85 mm). Wwith large samplcs the effect of small
concenvrations of water vapor seems to be more pronounced as showa by the following

7 datas

‘e ':: ..:. .:.: .: :o:
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ot 208 P

6.7 s oxide 3% .0 & W O
Tenp. redised to 250° in labe air

HF < lab, air on at 250°

Temp, raised 250° to 600° in 2 hrs.
Temp. held at 600° 2 hrs.

Temp. held at 600° 2 hrs. longer

Temp. held at 600° 2 hrs, longer

only (~ 308 relative hunidity)

72.8,0 conversion
79.7.5 conversion

82,64 convereion

Lot 209 P 8,8 g oxide

Tempo raised to 250° in dry air

HF 4 dry air on at 250°

Temp, raised 250° to 600° in 2 hrs,

93.1;4 conversion

Temp. held at 600° 2 hrs,

Tomp, held at 600° 2 hrs, longer 98,.9,¢ conversion

Thus for most rapid conversion the gases should be as dry as possible,
it does not seem feasible to attempt to dry the HF, The water content (0.02%) of
the best obtainable anhydrous HF is probably low enough.

8. The effecl of the composition of the gas mixture, i.e., ratio HF/Op

hac been studied. The reaction will proceed over a wide range of HF concentrations.
HF ml/min '
0o el/min

roaction is somewhat slower as shown by the following data:

The ratio has beon varied from 15,8 to 0,18, At the lowsr rotios the

3,91 g oxide

a) Sample 90=113 HF/0, = 0,178
amp >

2 hra. at 600° 80,5% conversion

2 hrs., longer at 600° 96.2% conversion

) Sample 90<11L 3,91 g oxide . HF/b2 = 0,428

2 hrs. at 600° 98, %3, conversion

2 hre, longer at ©O0° 99.3%4 conversion

APPROVED FOR PUBLI C REEEAS
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vinece the concentration of oxyyen required in the reaction is werv low «-
only enough to remove the traces of hydro;en present in the hydrogen fluoride, <he
usund practice is to employ a ratio HF/b2 = 4.2, ' The concentration of oxvren ia
such a mixture should not noticeablyvarfect the rate of reaction.

“he best conditions for conversion of pluteonium oxide to vHlultonium

weiralfluoride on the 8op=t0=25~g scale can be described in the follewir - «i: e

«. Igmite the oxalate in sir to 900° to 10060°C,

n, Heat the sample. contzined in =« platinum boate‘in & nickel reaciur tao
i30° to L4OO° in 0p allowing time enough for the interior of the mass of povider to
reach this temperature,

¢o Turn on the HF at 500o to 400® =2t a rate of approximately 500 ml /min,
Rerulate Op to 100 to 125 ml/hino |

G. Haise the temperature to 600°C in one hour.

6., Hold at 600° until reaction is complete, which reguires 2 to i hrs on tho
=g gcale and approximately 10 hrs on the 25-g scdle.

o Cool in HF and 0o to 100 to 1502C.

e shut off HF and allow O, to sweep out the reactor until cold.

‘¥, “onversion of flucrides to oxide cén be accomplished by heating to

LocY te 6CO°C in air or oxyzen. The reusction of idry oxygen on the fluoride is
«2iher slow. The reaction can bec made verv rapidiby adding HoO or FH3 to the air
we navgen.  Ammonium carbonate is most convenient fwhen using a muffle furcace for
vhe ignition, - '
1 the temperature is raised rapidly, in the absence of cuch reagents
.as HoO or Nﬁ3a an oxyfluoride will'be formed which melts between 900° and 950°C to
2. very hard black solid, This can be converted to%oxida readily in the way described

woove, yielding, however, a very hard black oxrff ﬁé?nn docs not renct readily with
PY (3
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F. lhe comparison of the reaction rate of this oxide with that of ordinarv 1000°
eaive is showa in Fie. VII. The s0lid chunk of oxida was cerefully vowdersd in a

wvi.cl mortar before being used so that the »rein size was reasoneblv ccmoarnble

wivh that of ordinary oxide,

ine X-ray diffraction pattern of this oxide, determined by Group

i

CN=8,

snovwsd the structure to be identical with that of ordinary dioxide. The low

crivity of the material may be due to lack of porosity.,
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