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ABSTRACT

This report describes in detail the methods developed at
Los Alamos for the preparation of plutonium metal by the bomb-reduction
method, The experimental work on the development of the methods is given
for all ‘scales (grams of metal) of reduction. The larger-scale-reduction

techniquea which are described are now used for the routins production of

plutonium metal, ’af}
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The problem®d™ *prePari¥z *plutonium metal of high purity by the

éo-called_bomh method was started at this laboratory in August, 1943,
The objective was to develop small-scale methods (0.5 to 50C grams of
metal) for the preparation of plutonium metsl, At the time the research
was started there was no plutonium available for reducti;n research, and
‘nothing was known concerning the physical properties of the metal, This
being the case, and also since this lsboratory had the problem of developing
methods for the reduction of U-ZSi when it became aveilable, uranium was
first used as a stand-in for plutdnium. Successful bomb techniquea were
developed by which uranium could bk prepared with high yields (90-9% ) on the
|

lg, 10¢g, 26 g, 260 3, 500 g, and 100 g (of metal) acales from the tetra-
flouride and trichloride by reduction with calcium metal,

At the time the problem was started, only the 1arge scale (25 1vs
of metal reduction technique for UFy as developed at Ames, Iowa, and the
possible use of iodine as a booster, was known. This large scale method

was in no wny applicatle to small-scale work where high yiolds and high

purity were needed. The problem here thus involved the development of

.refractory crucibles for the reaction, the design of suiteble bombe,

the investigationvof raw materials for the reaction, and the developmernt of

techniques for each scale of reduction studied,
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Shortly before plutonium became available for O.QE; & scale
:L reduction research at this laboratory, the melting point of the
metal was rep&rtod to be ~1800°. piring or heating procedures
were thus Studied, using UF4, which should work for such a high=-
melting metal. In April, 1944, the first reduction of PuF, with ca
in ﬁﬁe stationary bombd and on the l-gram scale was run. A heating
procedure was used which carried the bomb to a top temperature of
1380°c in 51 secnnds. A magnesium oxide liner fired to 22000¢c in
graphite was used. The redﬁction reaction took nlace, but the
heating time was too short to allow for the coagulation of the »lu-
tonium metal. Thera was also very large absorption of the reaction
products by the refractory crucible.
Very shortly after this, it was reported that the melting point
< br the metel was ~800°C. This made the use of uranium (m.p. 1100%)
as a stand-in undesirable. "About the same time, the chemists at
this laboratory were making the chlofide of plutonium in place or
the fluoride. 1In view of these fuots, LaClx was used as a stand-in
for plutonium (m.p. of La, 826°C). The use of the chloride necessi-
tated the use of liners much less porous then those previously used
in order to hold the CaCl, slag produced. A method of ggkihg nyitri-
fied" magnesium oxide liners was thus developed and is outlined in
this report. Suocessrui techniques were developed for the. prepara- .
a, tion of La metal from the chloride on the l-gram,scale. This tech.
nique was uéed to make the first successful reductioniof PuClz in
the stationary bomb on the O.5—gram scale.

It was soon found that the melting point of plutonium metal was

' UNCL"CSIFIED

e o
ee® % U . e

see e_ - =
L] ~n
- T

APPROVED: FGR. PUBLI C-RELEASE - - - -

P




APPROVED FOR PUBLI C RELEASE

o HLLLHS UNCLASSIIED

il ee—

800°C, and cerium was chosen a5 a more suitable stand-in (mepes
840°C). Techniques for the reduction of CeCly and CeF4 on the l-g,
10-g, 25-g, and 160-g soales-were deyelope& and applied successfully
to PuCly on the 1-g and 10-g scales, and to PﬁF4 on all soélos reported
here, The use of uranium as a stand-in was alsc of great value in learn-
ing the reduction techniques, especially those used on the 180-g, 320-g,

and 500-g scales for the reduction of PuFQ, The tribromide of plutonium

was also successfully reduced with ocalcium on the O.5-gram soale. Reductions

of PuOy with calcium on the 10-gram scale were unsuccessful.
The work reported hers is for all scales of reduction used,

and all variations tried are given., Complete investizations on each

soale reported were not pcssible due to the very urgent need of metal

for remeltinz, fabrication, and physical measurement resecrshes, The

"teohniqhes do, however, give very good yields and leave little to be

desired for the produotion of plutonium metal, °

Tho following tatle gives a summary of the optimum conditions

for the reduction of P'uCl3 and PuF4 with Ca in MgO crucitlas on the six
scales studied.
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. ' o omp. i ’
, grams - Charge Composition Time (withouf grngi:aguttox
Pu Halide ‘ {min:sec) charge) °%c retal (%)
1 PuCls 25% excess Cca . 2:00 975 90.3
1 Puly 0.25 mole Iz per mole 2:00 975 95.0
: Pu. Layers of Ip ¢ Ca
on top and bottom of
charge. 25 excess (e
10 Pucl 25 excess ca. 1l g I, 2:45 975 5
S 4« 0.16 g ca on top ofz ' #5.3
charge :
10 Pur, 0.25 mole I, per mole 0:40 470 97.9
! : Pu. 2% excess cCa.
: lgIs 4 0.16 g caon
5 top oi charge
‘,) 25 PuFy  0.15 mole I per mole 4:10 460 98.C
N Pu. 25 exmcess Ca
i} 160 ‘PuF, 0.3 mole I, per mole 11:00 325 98.8
f; o Pu. 254 eicess Ca
)320  PuF; 0.3 mole I, per mole  11:00 325 99.0
L Pu. 25% eXxcess Ca. .
00 . 0.3 mole per mole : 325 99.0
500 Pur, 0.3 mole I 1 11:00
.o Pu. 254 excess Ca, : '
oQrrT
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Tho folloving men aided in the dliblophnnt 6ﬁ.uﬂa 160-500
gram soale reductions: B. R. Bny‘lrd and H. Raioh. (. Hull and

 A. R. welss alded in the development of the "vitrification® process

for the nagnaaiun oxide liners.

I. Introduction:

The reaction betwesn a nstal halide and an alkaline earth natal
as used in the so-called boxd reduction is of the thermite type. Tho
fundamental requirement for a successful bomb reduction is that u’

denss, coherent plece of pure uetal giving a yleld oloso to the thoo-

' ‘retical be obtained. The reaotions used for the proparatlon of plu-

tonium metal as reported here are as follows:

(1) PuFg f‘ZCa . Pu ¢ 2car2
(2) 2puCly ¢ 3Ca ! 2rPu ¢ 3C&C].z
When adapting these reactions to the bomb reduction, several

cbnsiperations must be studied:

A. The melting points of the products of the reaction, the heat
liberated by the reaction, and the heat loss to the container are im-
portant. It 1s necessary that the reduction be carried out in such a
manner that the products of reaction are in the molten state long
enough, and that the slag has a suffieiently low viscosity to allow
the metal to collect in a coherent plece. In the reduction of the
fluoride with calcﬂﬁm (reaction 1), the combination of the melting
points of the products (caF, = 1330°C, Pu : 627°C) and the heat of
reaction is not such as to allow for thé best collection of metal.
Threes possible ways of overcoming this difficulty are: (a) supply

more heat to the bomb by additional quenpal hpatigg, (b) lower the
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melting point of the elag by the addition of another substance (c)
- " inorease the amount of heat liberated in the charge by having
reaction of ﬁigh heat take place along with the reduction reaction,

It is known that external heating mat be oarried out at such a rate

£hat the producsts of the reastion do not solldify before separation
of the metal has taken place. If this does happen, it is not possi-
ble to colleot the metal by subsequent heating even at temperatures well abo
‘above the melting points of the produots. The application of very rapid
h.lfing of the bomb and its contents, especially when applied to the
larger scales (160 to 500 grams of metal), is very diffioult and
impractible., With the small loaio reduotions ( 1 to 25 zrams of
metal), the appliocation of ripid external heating is necessary
because of the greater effeat of heat loss to the container., Even

_ with-the smaller scalez, the rapid external h;ating is not sufficient

to compensate for the combined effeots of the heat loss to the cortainer,

the heat of reaotion, and the melting points of the produotsrof reaction,
In the reduotion of plutonium tetrafluoride, points (b) and (Q) are
combined by producing by a oénourrent reaction a substance whioch

will lower the melting point of the slag while at the same time the

‘reaction supplies additional heat. The reaction used is as follows:

12 + Ca > CtI2
The formation of the CaIa supplied additional heat to the chargze,
and the CaFy-Caly slag hes a lower melting point than the CaFp alone,

'In the reduction of the chloride (reaction2) with caloium,

' tho melting point of the CaCl, (772°C) is much .lower, than that of

CaF2 and the addition of iodine is not no@osaary.te.lewér the melting

point of the slag. In the l-gram and 1b-g§dﬁmsaxi:°;;3uotiont of khe
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' ::ehlnrido'lt was found that it was not nooo.s.}i th ﬁsi foddmesfor additional

heat but that this could be supplied by external heating. Although

' no large-scale (160 grams of metal) reductions of plutonium trichlor.

1de were made, it was found with CeCly that additional heat was Te.
quirod to ocompensate for the heat loss to the container. This was
accomplished by using iodine in the charge.

fna use of an inert atmosphere, such &s argon, in the bomb

"{with both reactions 1 and 2) aids in the separation of the slag

from the metal and gives & much better formed piesce of metai. his

is probably due to the 1nwaring of the viscosity and/or the melting
point of the slag by the elimination of culcium oxide and calciuw

nitride, 1If air or nitrogen is nsed much of the slag freezes on the

" liner walls, and the metali button is apt to be poorly formsd and

-dirficult to clean.

B. A knowledge of the starting temperatures of the reactions

- and reaction mixture is important in the development of a successful

heating or firing procedure for a bomb reduction. A method of deter-
mining the starting temperatures of the culcium halide mixtures was
developed on a 50-1g scals. Yalues obtained Ly thig method using
uranium halide-.calcium mixturcs checked those detefminod on a 10~
gram scale. The small™scale raethod consists of placingy the mixture

in a small refractory liner containnd in & srmall steel bomb, A

.chromel -alumel thermocouple of No. 28 guuge is pluced in the center of

the charge and sealed throurh the screw cup of the bomb by meuns of
a'twb—hole insulator. The loaded bomdb is then heated in 4 hirh-
freguency  induction coil at a desired rute, ususlly that cmplo&od

in the actual reduction, time versus tumperature reudinuu voiny taken.

when the charpge firos there 1is a ragid-inprcuse in tfmperuture nnd
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‘Yhe data on the

starting temperatures of various halides with oalcium metal are

given in Table I, together with heats of reaction, where known, for

the purpose‘or discussion.

In all cases the amount of calcium used

was in 259 excess over that required to react with the helide and,

if used, the iodlne present}
TABLE I
Startin: Temperatures for Halide-ca Mixtures
_ (50 mzs Soale)
Heat of
Reaction Start-
(-A&H) ing
K cal/mole  Temp.
Mixture halide* Sc Remarks
2UCly + 3Ca 73.0 649 Thermoocouple burned out
2CeCls + 3Ca 24.4 624 Thermocouple did not burn. out
2LaCla + 3ca 32.8 675 Thermocouple did not burn out
ZPuClsz + 3Ca - 645 Thermocouple did not burn out
PuCla + Ce --- --- No reaction ocourred
UF4 ¢+ 2Ca 126 515 Thermocouple burned out
CeFr, + 2Ca .- 575 Thermocouple burned out
?uF4'f 2Ca. --- 595 Thermocouple burned out
I» ¢+ Ca 128.5 398 Thermocouple burned out
UF, + 0.3I; 4 Ca 164.6 410 The rmocouple burned out
(10 gram socale)
PGF4 + 0.3Io + Ca -——- ~325 Estimated on the 180 gram scale

*Data from -

Rossini, F.

The Thermochemistry of the Chemi-zal
Substunces, Bichowsky, F. R.
D. Reinhold Publishing Co. (1936)

and
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The above data sShow that all the® nrbrideé ;$3Léd La ve aoout
the seme starting temperatures with calcium metal. The sare is true
of the fluorides, but this temperature is definitely lower. It is
significant that in reduction of UClgz the thermocouple is always
destroyed, while in TuCls, CeCly, omd LaCly reductions this does not
occur. AsS shown in Table I, -AH for the rare-earth reductions is
considerebly less that trhat for the corresponding uranium reaction.
Although rate of reuction will also influence the minlmum temperéture,

those data provide strong indication that the heat of reaction ftor

© PuCly ¢ Ca is closer to that of CeCls + Ca than to thet of UCls 4 Ca.

Using a mixture of PuCls 4 cerium mets), no starting temperature was
obtained, and the cooled mixture after heating to & maximum tempera-
ture of 967°c showed no sign of a reaction having tuhen place. The
heat of formation o: PuCls is therefore probably greater or equal to
that of Cocls. .The data on the fluorides indicate that the heat or
rate of reéotion for PuF, ¢ Ca is higher than that for puCl3 4+ Ca.
It should also be noted that the starting temperature for the PuFf, +
0.3Ip 4 Ca mixture was estimated from firing data on the 160 gram
scale and is below the starting temperature of the I, & ca mixture.
In the case of the same mixture with UF, this is not the case; the
Ip *‘ca starting temperature determines the starting temperature of
the UF, + Ip ¢ Ca mixture. This starting temperature, as determined
on the lorgram coale, agrees well with the one estimated in the same
manner as was the PuF4q 4 12 4 Ca startine temperature. The reason
for the starting temperature of the PuF4 ¢+ I, % Ca mixture being lower
than that for the I, ¢ Cca mixture is not known.

C. The container in which the reaction tak
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i;lboﬁb with a liner of refractory material. Thi% rﬁfractory liner is

a very important consideration in bomb reduction development. The

fdllowing points are important when considering & reduction liner.

(1) Reaction between the electropositive reductant, the

raeduced metal, or the slag produced should bhe as small as possible.

(2) It should be sufficiently impervious to retain the
reaction.products, and should be of such purity as to not contaminate
fhg metal produced.

{(3) It should be capéblo of withstanding the thermal
shock of the rapid heat avolutioﬁ accompanyinz the reaction.

(4) If a given rate of heating of the reduction charge 1is
to be repeated on every run, the thermal conductivity of the liner

must be reproducible; also, the rate of heat transfer from the bomb

't.o the liner must be duplicable; therefore, the fit of the liner to

tha bomb must be controlled.
The most satisfactory liners for plutonium reductions on all

scales have been found to be prefired, magnesium oxide crucibles. The

" liners used will be discussed in more detall under the various scales

of reduction.

II. Raw Materials:

l. Calcium:

The choice of caloium metal used in the thermite reactions
under consideration is of primary importance. The reductant must be
low in light-element impurities so as not to contaminate the plutcnium

metal produced. It must also be fres of oxide and low in nitrogen.
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"F} It has been found with uranium reductions that calcium containing
0.404 Np or less 1is satisfactory when the bomb is argon-rilled,
while with air-filled bombs the nitrogen content must bs 0.04% or

" less. If the nitrogen content is too high, the metal buttons‘(uran-
ium) are poorly formed and the yield of metal tends to be lower.
The effect of nitrogen on the calcium for plutonium reductions is

{ ' not knb-n, low-nitrogen calcium having always been used. The calcium

w used in the work reported here was redistilled-electrolytic calcium

-
~——

manufactured by the Electro-Metallurgical corporation. The calcium

R' . was received as muffs., . These were ground or sheared to - .

' .1/4" pleces , after which they were ground in a Wiley mill and
screened, the -20, ¢60 mesh fraction being used. This grinding and

sbroining removes much of the oxide =nd leaves a clean suiny product.

 “:) The grodnd,oaloium was stored under argon. A typical analvsis of
- the calcium used is given in Tabls II.

1 | -'
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Analysis or‘ca Used

Element Ppa
No 400
- B <0.5
" Al £10
, . o UNOL'CTAIED
N Mg < 1000 ‘ |
P _
LY Yo 0
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2. ggpratluorido:

The Pur‘ was prepared by the Building D Dry Conversion

Process; the details of the methods used being given in LA-
it wag found that fluorides made by the hydrofluorination of oxides
ignited from the oxalate at 1000°C or 600°C were comparable with
respect to reduction yields, but that the bulk density of the fludra
ide obtained from the 600°C oxide was lower. Fluoride made by the
direct hydrofluorination of the dried oxalate did not give as high
yeilds on reduction as the fluorides made from the oxides. The

bulk density was also higher than either of the oxide-fluorides.

The effects of bulk density on the reduction of the tetrafluoride

are not definitely known, but a high bulk density is of value in

‘putting the mixed charge into the bomb liners.

The percent conversinn of the fluoride from the oxide is impor-
tant. It has been fbund that the average yleld does not drop off

appreciably if the fluoride is '904% converted from the oxide. Re-

" ductionson the 160-gram scale giving ylelds of 92% have been made

on fluorides with conyersions as low as 75€. It is recommended,
however, that in order to obtain consistent high ylelds on all scales,
the fluoride should be 904% converted from the oxide., Further dis-
cussion of the percent conversion of the fluoride will be given un-

der the -larger.scale reduoctions.

3. Trichloride:

The PuCls was prepared by the Building D Dry.gonversion
Process; the details of the methods used being given in LA-112. It

was found that chlorides mede - from theooxaiate wqre superior to those
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made from the oxide. It was also found that chloride made from the

_oxalate could be improved by sintering at 725°% for 2 to 3 hours.

All of the ohlorides wers 1004 oonverted from either the oxide or

oxalate,

4. Jodlne:
Reagent-grade, redistilled iodine menufactured by Mallinc-
krodt chemiocal works was used. For the small scale reductions (1-

25 grams of metal) it was ground to -3C, +80 mesh, but was used as

‘received for the larger scale reductions,

I1T. 1, 10, 25 pgram (of metal) Scale Reductions:

l. General

(a) Aggaratus: 'The apparatus consists, in general, of a

.bomb or external container with a pre fired refractory liner for the

charge, and a high frequency convertor ani furnace to heat the loaded

bomb undar controlled conditions, Fiq?nojl is a photograph of the

‘bombs and liners used. Figprgufr gives cross sectional drawings with

dimensions of the bombs and liners, The bombs are machinsd from
oold_rolled steel rod and have threaded caps with a 1lip on the inside
which makes a seal with theIOopper gasket held in a groove in the

body of the bomb. The screw in the cap of the bomb is to enable fill

ing the loaded bomb with an inert gas,

The most satiaraotpry liners were found to be pre-fired cruoibles
made of magnesjum oxide, The Mg0 used was an electrlically fused pro
dudt‘(vitfirrax) ground to pass a 300 mesh sieve. Unfortunately,
this daterial, made from mined magnesig. JAs, no: ignggx available,

Later shipmonts of powder from the_saméusé i t Vera ' 'found to behave

UNCL"C.SIF!‘ED
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quite differently. Thls powder will be discussed atter the use of
the mined magnesite is described. |

The mined magnesite had the following dnalysls:

{
e 10, 1.58
: R203 0.39
cao 0.50
: _
| B - <20 ppm

; | The liner was formed in a graphite mold using either a graphite or

B metal plunger. The procedure was to jar a bottom layer of Mg0 in

" the mold, center the plunger (which determined the shape of the in.

F side of the liner) in the mold; and add powder in amall amounts, the
i:‘ o mold belng jarred on the bench after sach addition. When the height
j' | of the liner was rsached, the plunger was oarefully removed. The
; formed lihar waé then fired in the mold ;o.2200°c by induction heat-
; ing. This firing took about twenty minutes. After cooling, the
| liner was removed from the mold. Liners made in this manner, and
¥ | with tho mined magnesite, were hard and dense, and were satisfactory
| for fluoride reductions. They were, however, too porous to be used
for chloride reductions. The "vitrification" of the liner at still

higher temperatures for use in both fluoride and chloride reductions

. wag acoomplished as follows: A large Mg0 orucible (4™ OD, 3.5" ID

| _ and 8" high) whioh had been fired to 2300°C was placed in a graphite
E oruoible which was 6" Op, 5" ID and 9" high. The cover of this cru.
cible hsd a center #ent hole and a pyrometer sight tube at an angle

of 45 degrees. The liners prepared as above were placed in the

’ large Mg0 orucible which was oovorod !tit.h e!n :Ilgo .lid. The graphite

crucible was heated in a 7" ID *nduoﬁion ‘fitndeé power.d-by a 20 xw

\ oo ses o o @
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The "vitririoation“ cyolo wes ito iYeat the liners to
2300°C in 1.5 hours and hold at this temperature for 30 minutes.
calpium oxide 11ner§ were also made.and vitrified by this msth.
od.‘exOOpi that the first firing temperature was 1700°C and the vitri
fication conditions were 2100°C for 30 minutes. Eleotrically fused

ca0 was used. The Ca0 liners made by this method were very dense,

- and non-porous, but were inferior to the Mgo liners for reduction,

probably because of a reaction between the slag and the Cao.
As stated above, the minog magnesia was later substituted by a
produot whioh oould not be used for the making or‘linors by hand t&mp;
ing thnrdry powder. The use of ths powder waa_caken over by Gfoup
A msthod was developed using machine tamping and pressing of
the moist powder to toim the liner. The formed linef was then dried :
and firad'using the sams "vitrificationn® éyole as desoribed above,
The linors obtained were satisfactory for both chloride and fluoride ;

reductiohs.

The poWder had the following analysis:
re 0.17%
¢ 810g 2.35
| Rp0s 0.38
cao 0.94
B | 300 ppa

(b) Loading of the pomb:

All loading operations are car-

ried out in a stagnant-air box to avolad onddngering the health of

the operator. Rubber gloves and a respirator are worn by the opera-

tor dﬁring all reduction operations. The halide is mixed with the

reducing metal and lodine in a closed bottle and the mixed charge

pduréd into the liner, covered with the rarrgctory 1id, and the bombd

A e v s » * o o »
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cap t» sorewed on and tightonod The closed bomb is then pluced

in a vacuum. jar (see ri < P, through the 11d of which a sorew
drivor passes by means of a Wilson seal. The screw in the cap of
the bomb is then run out, it being held by means of a clip on the
sorew driver. The jar is then twice evacuated and twice rilled with
argon, the sorew replaced and tightened in the cap, and the bomb re-

moved from the jar ready for firing.

(o) Firing of the charge: In the firing of the reaction

mixture a controlled and reproducible rate of heating is necessary,
and a knowledge of the top temperqture reached is important, This
‘18 espscially true in the oasé of the small scale reductions where
- the heat generated by the reaction itasslf is not sufficient to keep
the reaction products in the molten state long enough for the metal
to collect in one cbhorent plece. The rate of heating of the reaction
mixture 1is also important because if the ﬁqmperaturo rise is not fast
enough through the firing temperature, the produocts may solidify,
and subséquent heating to temperatures above the melting points of .
the products will noﬁ coagulate the metel satisfactorily, A method
of heating the bombs was developed where the rate of temperature rise
‘and top liner temperature (without the charge) reached were known
and could be varied. |

Deta for the above method cf firing were obtained by taking time
temperature data on the inside of the liner without a charge, Flgure Y
¥y i8 a graph showing these data for Mg0 liners on—the l-gram, 10~
gram, and 25-gram scales. These rates have been found best for firing
the bombs, having been ascertained in most cases by trying both slower

and more rapid rates of firing. The converter, coil location of

- - - APPROVED FOR\PUBLIC RELEASE




s UNCLASSIFIED
.

bomb, etc., usod to obtain thase curvea will be given in the dis
cussions of each scale. The use of these curves can be explained

with an example., Consider ths 1 gram scale bomb with an Mg0 liner.

A rsduction of Pur4 with ca is to be run. It has been found that

firing to a liner temperature of 975°c at the rat§ given by ourve 1
is satisfactory (not considering the heap of reaction). The time of
heating would be two minutes (see»rig!r‘j!l), the temperature being
known to rise 25°c after the power is turned off.

The above method of firing was used to looate the optimum firing
conditions for cerium halides. The conditions arrived at with ocerium

were found, in general, to apply to the ocorresponding halldes of

rlutonium,

(4) Unloa41ng of the Bomb and Ccleaning of the Metal: all

unloading and cleaning operations are carried out in a stagnant air
box to avoid endangering the health of the operator. The liners are
usually easily;removed from the bomb., They are then brokon and the
button of metaliremoved. Slag and excess ocalcium which may be on the
metal is best removed by placing the buiton 1n concentrated nitrie
acid (plutonium metal is passive to conc. HNOz). After piokling,

the button 1s washed in water and dried in acetone. @Glacial acetic
acid may also be used rbr_cloaning the metal. In this case a thin

layer of oxide is .formed on the surface of the metal.

B 1-§£am—scald Reductions
2

The bomb and liner for this scale of reduotion have been
described. Curve 1 of Pi"i.nli281V°3 the heating rate which was

found to give the most satisfactory and consistent reduction results

UNCLASSIFIED -
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‘for'botn the chloride and fluoride. A 7.5-Kw algh-frequency Lepel
bonverter was used with the following coll: 1 1/4" ID, 2" high, and
10 turns of 1/4" coppor tubing flattened to a thickness of 1/8". The
converter settings were as follows:

Coarse Inductance Setting: Left S; Right M.

Fine Inductance gSetting: 16

Power Set: 1l
The bomb was centered in the coil.

(a) Reduotion of Puglsz with ca: The first successful re.

iy
ductions of plutonium in the stationary bomb were made on the O0.541—

gram scale, using the trichloride and calcium metal. In a successful

reduction of the trichloride, the ocalcium chloride slag is down over
a well formed button of metal, and very little of the slag is absorbed
by the liner. The button of metal has a "Ca ocapm which is easily bro.

ken loose from the button.. This "Ca cap" contains about 504 ca and

‘5d$ Mg. The use of "vitrified" kg0 liners was found necessary for
-the chloride reductions. Liners fired at 22009 absorbed most of

the slag and soms of the metal. When this happensd the buttons were
poorly formed and the ylelds were low.

" The data on 0.é;§igramsaoale ohloride reductions are given in
Table IXI.  ﬁntr1eB 1 through 7 are the first group of 0.5.1 gram scale

reductions made in vitrified usb liners, The linér temperatures were

Hvariod; 975°c_giving the best results. The chlorides used in these

runs were made from the oxide, and many of the variations in the data

are believed to be due to differences in the various batches of chlor

‘ide. In entry 7, 0.14 mols Ig/mole Pu was added and found to be of

no édvantago.

{"MCLASSIE IEDM 20- - |
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Entries 8 through 23 are for reductions of chloride made from

. the oxalate. Entries 14 and 15 are for the chloride made from the

As
oxalate and then sintered at 728°C for 2,3 hours. Entries 19, 20,
and 21 are for distilled ohloride. Reductions of the sintered chlor.

ide were the best; giving the best formed metal buttons and the best

collection of slag above the metal. In addition to the better reduc.

tions, the sintered chloride had a higher bulk density, this being
an advantage in that a larger charge may be reduced in a given liner. '

Entries 15 through 18 list the results of & study of fron pickup

~ from iron bombs and nickel plated bombs with and without ibdine. The -

metal from all four reduoctions was low in iron, and no significant
Qifferenoes'in thb 1ron‘oontenta were apparent (%,o Table IV). |

Entry 24 is for a reduction of a ohloride which had been allowed .
toihydrate to the’pucls.iﬁzq’formula. The rsesults of this reduoction |
indiocate thaf soie hydration of the chloride does not interfere with

‘the reduotion‘reaction. Reductions of the oxychloride of plutdnium

with oalcium'were-trieg, Only a ookey mass was fofmed, no ooherent

metal being obtained. This indioates'that the oxygen when present
'1n water as in Pucls.iﬁao is not detrimental, but is harmful to the

' reduotion reaction when it is as the oxide of the metal.

Entr1és ed tthugh 26 are for reductions of the chloride in
v1£r1ried Cca0 liners. These liners absorbed the slag and gave poorly
fofme&’buttéﬁs, thus being inferior to Mg0 liners for ochloride reduc .
tions. N |

One reduction of PuClg with ca was made in a CeS liner. This
liner absorbed‘all of the slag and part of the unreduced ochloride,

giving a poorly formed button of low yield.
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o : Representative analytical data on plutonium metal made by the
- reduotion of’pucl3 with ca are given in Table IV. The colorimetric

iroh determinations are more reliable than the iron values deter.

mined spectrographiocally.

(b) Reduction of Pugrsrwith<ga: Only one reduction of

the tribromide was made, This was on the O.5-gram scale in a vitri.
fiod Mg0 liner. The metal obtained was in two pieces, a yleld of
"only 53.4% being obtained. A satisfactory technique for the reduction

- of PuBr3 ocould no doubt be developed.

(¢) Reduoction of PuF, with ca: Dpata on reductions of PuF,
with Ca on the 0.5xl-gram scale are given in Table V. AS has been

discussed in the Int:oduction, the reduotion of a fluoride with Cca
- on a small scale offers one difficulty not encountered when dealing
'wiph a chloride. Thia is the high melting point of the car2 slag
(1330°C) as compared with that of Cacl, (772°C). Iodine 1s therefore
used in the fluorlde reductions to give a lower melting slug and at
'the same time to furnish more heat to the reaction mixture. The genéral
technique for the O.Q;J'Sram-soale reductions of PuF4 wus developed
at firgt with UF, and then later end more satisfactorily with CeF,.
The charge consisted of a layer of 0.15 g 12 and 0.02 ¢ Ca on ths bot.
tom, the Pur4-12-ca,'and another layer of 0.1%5 g Iz } 0.02 g ca on
the top. It was found from the stand-in work with UF4 and CeF, that
the layers of Ip 4 Ca wéra very 1mportant;'the same amount of 12 mixed
with the‘PuF4 did not giﬁe the desired results. T:e firlng jprocedure
. for the flupride reductions wes the same as with the chloride reduc.
) tions, that 18, firing to a liner temperature of 975°c., The fluorids
reduoctions gzave very well formed buttons with the "Ca cap". The
UNCLASSIFED m—
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yields were higher than with chloride reductions on the same sculse,
This is due to the fact that‘thare is less slag ubsorption by tha
liner in the ocase of the fluoride rsductinns.

Entries 1 through 7 (Table V) are.for reductions using the
same charge (0.64 mole Izlmole Pu) but fluoridaes prepared in differ.
ent ways. The fluoride prepared from 1000°c oxide seemed to be the
Best; It also had a higher bulk density which is dosirablé in that
a larger charge (grams of metal) nay 53 used in a given liner. Entries
8 and 9 are for reductions gsing 0.25 mole Iz/mole Pu with the fluor.

1de and the Ip } ca layers. Igis.was found to be the best charge be.

caugse the slag absorption by the liner was less and the buttons were
always very well formed.
Analytical da;f on plutonium metal made by the reduotion of PuF,

with Ca on the O.SKIrgxam scale are given in Table VI.

3. 10 gram Scale Reductions:

The borb and liner for this scale of reduction have been
desoribed. Curve 2, Figure IV, gives the heating rate which was
found to give the most satisfactory and consistent reduction results
for both the ochloride and fluoride. A 7.5-KW high-frequency Lepel
converter was used with the following coil: 2n Ip, 3" high, and 8
turns of /4" ocopper tubing flattened to & thickness of 1/8», The
converter settings were as follows:

| coarse Inductance Setting: Left M, Right M.
rine Inductance setting: 6
Power get -6

The bomb was centered in the ooll.

UNCLASSIFIED al—
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with ca on the 10 gram scale were nade. The data on these reductions

* : , / UINULNUUIT T
? | T
b~%m) ' (a) Reduction of PuCl- with ca: Three reductions of Pucl3

are pgiven in Table Vvii, rnvitrifiedn" ng0 liners were used. The heat-
ing rate used is given by ocurve 2, Figum&‘iﬂ. The 9750C liner teri -

perature {w!thout charge) was obtained by using a heating time of 2

rminutes, 45 seconds; the liner temperature being i nown to increase

35°c after the power was turned off. The button of :.etal obtained

473

LENEETY

Iy:' had a nca cap" (504 ca, 50% Mg) @3 in the ocase of the 1 gram soale

s
P
) —

reductions. The : . ethod used for these reductions was studied using

ceClz as @& stand-in.,

=

Entry 1, TGble»VII. is for a reduotion of chloride made rrom the
oxalate, rntries 2 and 3 ure for reductions of ohloride made fror the
ﬁv _ oxalate and sintered at 725° for 2:% hours. The layer of Ip t Ca on
) " top of the charge was used to avoid having a bridge of unreduced

chloride formed at the top of the charge. It 8 belleved, along wlth
the 1 gram scale results, that the sintered ochloride ﬁs_best for the

10 gram scales reductions.

(b) Reduction of PuR, with ca: Data on reductions of PuF,

with Ca on the 10 gram scale are given in Table VIi1. The heating
réte used 18 given by ourve 2, Figure IV. The buttons of cetal ob-
tained haﬁ the usual "Cca cap". All developent work on this scale
was done with Cepq as a stund-in.
; o Entry 1, Table VITI, is for a reduction where 0.5 mole Ig/mole Pu
was used in the charge; 2 grars of I, 4 0.32 gra:8 Ca on top; and a
l‘ner'temperaturé of 975% (2 minutes, 40 seconds, curve 2, Figure IV).
This reduction was fired to too high a te“pefature and oontained too
‘ . much {odine, thus causing all the slag and some of the metal to be

P LCLASSIFIED ol
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‘absorbed by the liner. Ehtry 2 gives the results »f reductions
using 0.25-molo Iz/mole Pu and 1 gran Ip t 0.16 gram ca on top. The
liner temperature was 750°c (; minute, 40 aeponds, curve 2, Figure
IV). These reduotions gave somewhat erratic yields, and a noticeable
amount 6f slag was absorbed by the liner. Entry 3 gives the results
of reduotions using the sare charge but g0 liners rade by Cii-7.
These liners were forred by pressing the Mg0 powder, using a wax as
a bipder. The linoré were fired to 2100°C in graphite and appearsed
to be vitrified. They d4id, however, show high slag absorption.

Entry 4 is for reductions, using what was found to be the opti-

mam conditions: 0.25 mole I,/mole Pu; 1 gram Is + 0.16 gram ca on

top; and & liner temperature of 470°% (40 seconds, curve 2, Figure TV).
Thil‘roduotion procedure gave very consistent results with very slight
slag absorption by the liner. Fluorides prepared from 1000% oxide
were found to be best (3ee Entries 5 and 6). The percent conversion
' froh the oxide or‘the rfaorides used in the reductions reported in
vEntry 4 varied from 82 ;o 1004. Tt is, however, recom-ended that for
fbo5most cons.stent redﬁétion>results the fluoride teat hus*l-QCf%
~oonverted rroﬁ the oxide,.
Representative analyses of ﬁetal obtained from the 10 gra. scale

- rqduétions of PuF, with ca are given in Table IX.

.(¢) Reduction of Puo, with Ca: Two reductions of PuOg with

‘ca ﬁarettried'using the 10 gram scale liner and bomb (see Table VIIT,
Entry 7). The heéting rate used was that given by Curve 2, Figure IV.
A toﬁ liner temperature of 570°C was used with a charge which con-
tained 2.0 mole Ig/mole Pu. There was no apparent reduction of the

oxids, it not being poss.ble to -find even heads of metal upon leach-

- ing the charge with water. UNCL“\SS‘HED i
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4. 28 gram Scale Reductions:

The bonb and liner used for this reduction socale have been
desoribed. Curve 3, Fige!ogfv, gives the hoatins rate whioh was round
to give the most satietaoto;; and consistent reduction results for
the fluoride. A 3-Xw high~frequenoy Ajax converter was used with a
standard Ajax ooil; 4" TpD and 4" high. The bottom of the bomb was
located 1/4n abovo‘the bottom of the coil. The total heating time
for the 460°C liner temperature was & rinutes and 10 seconds. The
converter settings for this heating cyocle were: angle 25 for 2.8
m‘nutes and angle O for 1 m'hutqvand 40 seoonds. All development

work was done with Cep, as a stand-in. No plutonium chloride reduo-

tions were . ade on the 25 gram soale.

Entry 1, Teble X, is for reductions using 0.25 mole Ig/mole Pu

- and vitrified Mg0o liners. ‘Entry 2 is for reductions using 0.15 mole
. Ip/mole Pu and vitrified Mgo liners. This charge gave slightly bet-

ter for~ed buttons than the higher-iodine charge (Entry 1). Entry 3

is for reductions usiﬂg ¥g0 liners which were fired to 2100°c in-

graphite and not vitrified. These liners proved to be as satisfactory

as the vﬁtriried ¥g0 liners. The conversions from the oxide of the

fluorides used were between 90 and 100%.

Representative analyses of the metal obtained from the 25 gram

scale redudtions of Pur4”W1th ca are given in Table XI.

Iv. 160, 320, 500 gram (of metal)gocales:
‘1. General

(a) Apsaratus: The‘apparatus consists, .n géneral, of a

APPROVED FOR PUBIg (- RELEASE ' ‘
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bomb or external container with a pre-fired refractory liner for

the charge, aﬁd a high-frequency converter and furnace to heat the
bomb under controlled conditions. Two types oflbombs have besen used
for reductions in the 160-gram and 320 to 500-gram scales; one with a
double fiange, and one with a solid bottom. The two-flange bombs

are desirable where the iiners do not fit well and may atick in the

bomb after firing. Figures ¥ end V (a) are photographs of these

160-gran bombs and liners, while Figures VI and VI (a) are oross-seotional

drawings with dimensions. Figures VII, VII (&), VIII and VIII (&) ars for
the 320 to 500 gram scale; the same bomb and liner being used for botg
soales, All bombs are made of cold-rolled steel, The gorew and
gasket in the 1lid of the bomb is to enable filling the loaded bomb
with an inert gas. The thermocouple well is for the purpoaé of‘fol-
lowing the heating oycle., The lids or covers Qf.tho bombe have a
lip which if forced into the annealed ccpper gaske:.

The most satisfactory lirere were found to be pre-fited
orucibles made of eleotriéally'fusod magnesium oxide. The liners were
made at M.I.T. or by Group CM-7. The powder used by M.I.T. had the

following analysis;

Po | 0.02%
510, | | 2,00
Ra03 0.23
Ca0 | 0.69
B ' 30 ppm

The analysis of the powder used by Group CM-7 was as follower
| Pe 0.17% ) |
UNCLASSIFIED
Sic 2.36

- R203 ' 0.38
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B 300 ppm

'§m The boron content of this powder is higher and, as will be discussed

_ig later, the boron content of the metal made in these liners was higher
| ‘

N than that of metal made in *.T.T. liners.

ﬂ* Briefly, the method used at M.I.T. for the ;anufacture of the

| ‘

}

ltnerz was as follows. The magnesium oxide was mixed with 7% water
ané?gégged and pressed into stasl dies. The formed liner was then
extruded from the die, dried, and fired in a gas furnace at 1700°C
for three hours. The only'essential di fference from the above LIro-
.cedure and that used by CM-7 was that the dried liners were induc-
i ‘ tion fired to 2100°C using graphite as a heater. With both methods

the resultant body was hard and had a porosity of less than 224.

A}

(b) Loading of the Bomb: All loading operations are car-

R ] ried out in a stagnant-air box to avoid endangering the health of

the operator. Rubber gloves and a respirator are worn by the opera-
tor during all reduction oper&tions. The halide is mixed with the
reducing rietal and lodine in a closed bottle, and the mixed charge
poured into the liner, covered with the refractory lid, and the
space_between the liner and bomb wall and above the liner 1id and
‘the gasket groove filled with 40 mesh eleotrically fused nagnesia
powder. The gasket groove is then brushed free of magnesia'and the
annealed copper gasket put in place. The bomdb lid is then bolted
on. A stopcock assenbly (rigupqﬁéxx is then socrewed into the hole
in the bomb 1id and the bomb twice evacuated and filled with argon.

The stopoock assembly is then removed and quickly replaccd with
the sorew and copper gasket. UNC\-P‘SS\HED
)
~28-
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(¢} Piring of the Charge: The essential differsnce between

the firing technique used for the larger—scale reductions ard that
used rbr the s8:rall scales .s that the largewescale charges are heatsd

just to the starting terperature snd the heating storped, while on

"the s-~aller scales the heatlng !& continued past the starting of the

reaction mixture. The heating of the boiib and its contents to the
starting teciperature of the reaction mixture is very iuwportant. It
has been found In this laboratory that the charge requires a defl-
nite preheat period before the starting ter:perature .s reached. If
the bomb 'S heated rapidly, the reaction starts at the surface ba-

tween the charge and liner, whlle the center of the charge s at a

‘mueh lower temperature. In this case more of the heat of reaction

is - dissipated in heating the charge, thus allowing the produocts to
s0lidify more rapidly than if a preheat is used, If the preheat pur-
j0d 1s too ldng; the caloium particles are coated with a layer of

caxz which presurably lowers the rate of reaction with the fluoride.

 -This allows more heat to be dissipated to the liner and bomb before

the feactibn is ooﬁpleto, thus again ocausing poor collection of

metal. The heating or firing procedures used for the 160y 3207 and 500-
grag soales are the same and were arrived at by experiment, using
soveralrhifferont hoaﬁing ocyoles to locate the optimum conditions.
Uranium tetfufluoride was used as a stand-in for the development of

the firing prooedure. When developing a heating cycle, three ther-
mocouples are placed on the inside surface of the liner, one near

the top, one at the center, and one on the bottom. The temperature

of the liner can then be correlated with the temperature of the out-
side thermocouple well. It is important that the bomb be located in

the 0oll 8o that the entire length of the liner heats at nearly the

CpousAR. o, S
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same rate (*7530). For exa: ple, if at the tire of firing, the bot-

‘.\-..-/\

tom portion of the liner is well balow the firing terperature, the

- I o

metal button is poorly formed and a lower yisld is cbtained.

-

LA 4 7P

In the actual firing procedure used for the 160, 320, and 500
gram socale reductions, the loaded bomb is placed in an induction
furnace which is powered by a 20-Kw hlgh-frequency converter. The
160 and 500 gram bombs are placed in a 7 ID, No. 312 Ajax furnace
80 that the bottom of the bomb is 1" above the bottom of the coil.
The coil is protected by a silica sleeve which fits on the inside
of the cofl. After the bomb is placed in the coil, the ther:i:ocouple
(chromel-alumel) is then placed in the well on the bomb and the
heating cycle given in Table XII followed. The llner temperature

.glven is an example and will vary t75°c depending on the fit of the

fﬁ> ' linerf The heating cyole for the thermocouple well is the one recom-
. h o mended for the bombs used; however, 'f different bombs, liners, etc.
were used, tne'linor‘temperathe should be duplicated and not the
thermocoupla-well oyéle. When the charge reaches the starting tem-
perature, which is beiueen'lo and 12 zinutes, there is a sudden in-
.. orease in temperature with time. when this increase occurs, the
power is\tufned off and the bomb allowed to stand in the coil<unt11
fha thdrmocoupie well Td at a temperature or‘~400°c. The bomb i3
 then removed from the coil and cooled in front of a fan. FigmrenwiX

is a photograph bt the tfrihg cubicle, coil, and converter used.

1SN (" CLASSIFIED
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Heating Cyocle for 160 and 500 gram Bombs

Time Thermoocouple well Liner Tempera t;uro
min _ (°c) : {°C)
1 110 ' 25
2 200 47
s 280 | : 54
‘ 360 - 102 .
5 400 135
6 425 | 164
7 450 211
8 475 252
9 500 279
10 525 320
11 550 | 347
12 575 381
13 600 416
14 625 442
15 650 470
16 674 500

UNCLASSIFIED
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(4) Unloading the Bomb and gleaning of the Metal: All

unloading am cleaning operations are oarried out in a stagnant
air box to avoid endangering the health of the opefator. After the
lid is removed, the outside of the Somb is tapped with a hammer un-
til the contents of the bomb can be poured out. Slag and calcium
which ray be on the metal are removed by placing the button in con-
centrated nitric acid (plutonium metal is passive to conc. HNOs).
The metal button gsuaily bas a thin “Ca cap" which is made up of
~50% ce and 50% Mg. After piokling, the button is washed in water

and dried in acetone.

2. .160-gram-Soalo Reduotions

The bombs and liners for this scale of reduction have been
discussed. The firing or heating cycle for the loaded bomb is given

'in Table XI1. No reductions of plutonium trichloride were made on

this scale, but'reduotiona of Ucl3 and cécls showed that the same redud-~’

tion technique as used for the fluoride was satisfactory.

Data for reduotions of Pur4 with ca on the 160 gram socale are

.glven in Table XIII. This table gives the percent conversion of the

fluorides used as well as the ylelds. BEntry 1 is for reductions
using 0.2 zole I,/mole Pu and fluoride made from oxide which had been
ignited to $00°C. Entry 2 is for the same type of reduotion using
0.3 mole-Ig/mole Pu. These two entries show that there is little
dirfference between the two iodine ratios, but it is believed that

the 0.3 mole charge is the more reliable. Entry 3 is for reductions
using fluoride made from oxide ignited to 600°C and 0.3 mole I,/mole
Pu. Entry 4 is for reductions using fluoride made by the direct
hydrofluorination of the dried oxalate. The reduction yields are not

UNCLASSIFIED S
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UNCLAZC: IED
kiitnitiotntly different from those using fluoride made from the
oxide; however, the bulk density of fluoride made from the oxalate

was very low, makiag it diffiocult to get the charge into the 1i-
.nora u‘od;' Batry 8 1is fbr reduotions using fluorides which had low
conversions from the oxide and 0.5 mole Iy/mole Pu.

| The {ata gi;tn in Table XIII and the plo£ given in pigure XTI
‘show that the percent eonversion of the fluoride is not oritioal
‘umtil 1t drops below 90%. This is very different than with UF,
where the percent conversion of the fluoride must be 9944 for suoc-
cessful reduetions. it is nbt known whether the oxygen is as plu-
tonium pxido or plutonium oxyfluoride. Analytioal data on metal
from th§ 160 gram soale reductions are given in Table XV. It should
be noticed that the metal made in liners made by Group CM-7 ran
highsr in boron than mgtal made in liners manufactured at M.I.T.
Tis is due to the fact, as has been discussed, that the powder used
by OM-7 oontained 300 ppm of baron, while the powder used at K.I.T.

ocontained only 30 ppm of boron.

3. 320-and 500-g;am~eoalo Reductions
A

The bombs and liners used for these scales of reduction
- have been described. The firing or heating oycle for the loaded
bomb ia given in Tedble XII. The same size bomb and liner was used
for both scales of reduction.
pata for reductions of PuPy with Ca on the above scales are
given in Table XIV. Entry 1 is for reductions using 0.2 mole Ip/
zole Pu and fluoride made from 900°C oxide, while Entry 2 is for
broduotions using 0.3 mole I5/mols Pu and the same type fluoride.
while the data giien show no significant difference between the

. e e e ._,(r,. P - e -
APPROVED FOR PUBLI C RELEASE"
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A e TeN el

- fodine ratios, it Is belidvﬁd that the C.3 molse Iz/mole Pu charge

is more reliable, especially in view of the variations in the flu-

'\;\ .

§~ orides whioch may be received. ®Entry 3 is for reductions of fluor-

: ides made from 600°C oxide using 0.3 mole I,/mols Pu. Entry 4 is for

b $00 gram reductions of the same fluoride.

N ) :

The data given in Table XIV and the plots given in Fié&rv?aigl % XIFI
show that the percent conversion cf the fluoride is not criticgl for -
these scales of reduction in the gdﬁioog range.

Analytical data on metal from the 320.gram-scale reductions are
given in mable XV. Most of the g and Ca presert is removed by

vacuum remelting.
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Botry Run f

Amount,

ng. metal Charge
in charge (254 excess

APPROVED FOR PUBLI C RELEASE

1 1706

1708
-] 1785
4 1862
5 1871
6 1897
7 1895¢
8 1943
9 1946
10 5001
1 5009
12 5029+

5032+

13

500

500

990

1258

1183

1250

1220

490

450

531
510

485

488

TABLE III (1)
Roduction of PuCle with Ca
0.5 1 gram Scale
Liner
Refrac. Temp.
ca) tory
PuCls (from oxide) vitri. 950
‘ fied
Mg0
" " - 950
" " -~ 1000
" " 975
" " 975
" " 975
" " 975
I, in charge
PuCls (from oxalate) " 975
PuCls (from oxalate) " 975
Ca + Io on top
PuClz (from oxalate) " 975
" " 975
" " 975

" ‘”‘Eﬂﬂ422277z17 m 975

APPROVED FOR PUBLI C RELEASE

UNCLASSITIED

Yield Den.
sity Remarks
80.0 18.53 well formed button. gSmall
ca cap on button.
88.0 11.00 Button of metal porous
83.0 16.40 pair button with ca cap.
Black slag.
76.8 16.3 well formed button with ca
' cap. Black slag.
93.4 18.9 well formed button with Ca
cap.
77.6 19.0 well formed button with Ca
cap. Black slag.
83.5 18.9 n "
77.0 17.6 well formed button with ca
‘ cap. Some unreduced P0013
on top.
89.0 18.0 well formsd button with Cca
cep.
80.9 18.0 " ”
74.3 18.9 well formed button with ca
: cap. Unreduced Pucls on top.
86.4 18.7 well formed button with ca
cap.
83.0 18.8 " "



"C'éélJ"
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/

| - maBIE 117 (2) e |
Amount, Liner UNC i IED
mg. metal Charge Refrac_. Temp. Yield pen-— :

Enu;y Run # 1in charge (254 excess Ca) tory O¢ 4% sity Remarks
14 | 5036% 484 PuCls (rrom oxalate) vitri- 975 94.8 18.1 well formed button with ca

and smtared ried cap.

. Mg0 |
15 5037+ 485 " " om 975 90.4 19.6 » "
16  5028¢ 495 PUCl, (from oxalate) " 975 78.0 20.0 well formed button with ca

: _ . : ' . oap. Ni plated bomb.

17 5041« 506 PuClz (from oxalate) " 975 91.4 18.5 Well formed button with ca

I2 in charge . cap. '
18 5040+ 498" " n 975 87.0 18.8 = " Ni plated bomb.
19 . 5048+« 465 Distilled puClyg " 975 94,2 18.5 well formed button with ca

: cap. :

20 5049+ 504 » " 975 88.9 18.6 " "
21 5050% 454 "o " 975 89.7 18.6 =  »
22 5062 491 PuCls (from oxalate) " 975 B86.5 .... " ®

Sintered '
23 5073 514 bl : ” 975 8%.0  .... " "
24 5005+ 501 PuClz.2Hp0 from oxa. " 975 90.0 19.5 = -

late _
25 1709 500 PuCly (from oxide) vit.ca0 950 91.0 17.59 All of slag absorbed by 1i . |

: aer. poorly formed buttons.
28 1881 1250 " " 975 76.5 19.5 All of slag absorbed by 1i_
ner. pair button,no Cca oap.

27 1894% 1250 n " 925 68.4 18.9 » = |

*Analysis of metal given in Table IV. UNCL"AA"—'ED
I} e _
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TABLE IV
‘Analytical Data on Pu from PuClg

s

values in ppa

oxide, 25¢
vit. cao

oxide, 25%
vit. ¥go

from oxalate.

Ca.

vit.

oxalate.

Ca.

oxalate.

vit.

25%

vit. Mgo.

PuCls from oxalate. 25%
excess Ca. Vit. Mgo.

k¥/
goale
Run nge Reduction
Entry No. metal Conditions
1 1894 1250 PuClg from
' 8xcess Ca.
liner.
2 1895 1220 PuClsg from
excess (Ca,
3 5005 500  PuCls.}H50
254 excess
¥Mg0 liner.
4 5010 9320 - PuClz from
- ' 254 excess
Mg0 liner.
5 5028 495 PuCl, from
excegs ca.
Ni plated bomd.
6 5029 485
liner.
7 5032 488 "
8 5036 484 "
9 5037 485 d
10 5040 498

I, in charge.

UNCL -uOn

Be
XD
<20

<0.5
<0.5
ND<2
ND<2

ND«2
ND«2
ND<2

ND«2

Mg Al
KD
<200

80 10

3 %3

130 <10

<20 ¥D
<200

<20 RD
<200

@0 WD
<200

(20 ND
4200

~20 . ND
<200

~20 600

APPROVED FOR PUBLIC RELEASE

'll...il-'

. l|'l§u;T:3:L7

I

€200

100

20

200

200

RD

<200
<200
<200

<200

N

400+

8000+

800

- 400*

<1000%*
<1000%

1000%

€1000*
190
<1000*

2000*
313

‘20
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PABLE IV (contd.)

: m unnr
Soale | - .vun

Run mge. Reduction
No. metal Conditions - Be Mg Al ca Na
5041 506 PuClag from oxalate. 254 ND<® ¢20 WD 200

excess ca. Vit. Mg0 <200

liner. 12 in charge.

Ni plated®bomb.

5048 465 Distilled PuClz. 25§ N2 20 100 100
. excess Ca. vit. ugO .
- liner,
5049 504 _ - ND42 40 100 10,000

5050 454 | " ND<&2 60 100 - 6,000

*Spectrographic Fe, other values colorimetriec.

Rote: Zr, La, Ce, Bi, and Th were all below the "not-detectedn limit,

UNCLASSIFIE D
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er

<200

ND
<200

{200

<200

<1000* 20
240

<400%
107

t

§400*

174
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TABLE V

*Analysis of metal given in Table
-~ e APPROVED EFOR PUBL|.C RELEASE

-

T g

vI v "’”QL ‘.'m:’m

96.9

Reduction of PuFy with Ca
ol B sladdsa | -4
: ’ 0.5.1 gram 3cale ‘}iL,L.'uadrtu
Amount, Liner
ag. mstal (Charge _ Refrac_ Temp. Yield Dpen-
Entry Run § in chapge (254 excess ca) - tory S¢ [4 sity Remarks
' 5104 . 504  pPup, from oxide; 0.64 Vitri- 975  93.4 16.40 well formed button with
mole Ip/mole PuF,;  fied ca cap.
_ Ca, top and bottom
5105% 480 . w e " " 95.5 19.50 ® »
5109 514 PuF, from oxalate.  * "  94.5 17.76 Button had hole inside;
o . . Same charge as 1. : thus lower density.
51102 511 LIS ‘ " " 95.5 19.16 well formed button with
’ ' Ca cap.
5115 510 Pur, from 1000°C ox- ™ » 97,6 15.70 Button had sammll hole in.
| ide; same charge as 1 side, thus lower density.
5114+ 510 L LI " 96.2 19.00 well formed button with
ca ocap.
35133 510 PuFy from oxalate; " " 95.0 18,5 hd "
0.84 mole I5/mole Pup,
0.15 g I 0.02 g Ca
top and gottom
51342 5le Pulf, from oxalate; " " 96.1 18.10 " "
0.25 mole Ip/mole Pur,
- 0.15 g1 0.02 g ca
top and gdtfom
(14 runs) ~500 Pup, from 1000°%¢ ox- " " Max. 97.0 eeea ™ M
: ide. Same chargs Min. 91.0
as 8. Ave, 95.0
5633 1470 " oo | " now
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TABLE VI

Analytiocal Data on Pu from PurF,
0.5-1 gram Scale
values in ppm

Anount

Run ng. metal

No. in charge Reduction Conditions Be Mg M

5105 480 PuFy from 1000° oxide. 0.64 mole I/ KD  MND20  ND<400
role Pu. 0.15 g Is + 0.02 g ca on %op
and. bottom. Liner temp. 9750.

5110 511 PuF, from oralate. Same oharge as ND<®  HDCG20  WD<400

o8. ,

5114 510 Same as 5105. NDZ2  WDCA0  WDCL000

5134 514 Pur, from oxalate. 0.25 mole I ND¢2 ¢80 D200
mold Pu. 0.15 g I 4 0.02 g Caz/on :

top and bottom. Liner temp. 975°C.

UNCL"S3IFIED
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TABLE VIIX
Reduction of PuClz with Ca
y .AA.-'PH
10 gw soale m rorwrss ‘LU
Amount, Liner
g. metal Charge Refrac- Temp. Yield Dnen-
Entry Run # in charge (254 excess ca) tory Oc % sity Remarks
1 5010¢ 9.32 Pucls (from oxalate) vitri 975 86.35 18.9 well formed button with Ca
fied oap. Soas unreduced cla
Mg0 near the top.
2 5063 9.53 PuCls (from oxalate) ® » 96.0 18.9 n »
_ : sintered. 1 g Io 4
0.186 g ca on top
3 5074 9.50 "o ’ " " 94.7 18,9 n =

sAnalysis of metal'given in Table IV.

UNCL'2C:71ED
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. TABLE VIII
Reduotion of Pur, with ga
10 grax sodle
No. Amount, Liner Yield
of 8. metal Charge Refrac- Temp.
Eatry Runs 1in charge (254 excess Ca) tory OS¢ X. - AVe. Reaarks
1 1 . - 6.52 PuF, from 1000°¢  yitri- 995 -—— ___ gg.s well formed battea. L1l
oxide. 0.350 mole fied the slag absarbved by
Ip/mole Pu. 2 g Mg liner.
Io ¢ 0.32 g ca on
top.
2 4 6.50-8.50 Pupy from 1000° » 750 97.3 93.1 95.7 well formed butteas.
oxide. 0.25 mole . Slight absorption of slag
Ip/mole Pu. 1 g by liners.
Io ¢ 0.16 g ca on
top.
¢ 3 2 » " = Mgo0, 750 97.7 94.0 95.9 pPpoorly formed buttens.
-+ 2100 °¢C High absarptioa of slag
~ firing by liners.
4 27% " " - vitri- 470 99.1 96.6 97.9 well formed buttons. vyery
fied slight absorption of slag
MgO0 by liners.
5 3* " PulF, from oxalate " 470 97.0 94.4 96.0 = "
Sane charge ag 2
6 3 " PuF, from oxide " 470 99.1 94.9 96.9 = "
xade fror- peroxide
ppt. Sarne charge
as 2
7 2 4.00 Pu0y ignited to " 570 0.00 0.00 0.00 §No Gpparent reduction of

9000C. 2.0 nmole the oxide.

i I nmp —
Iz/mole Pu UNCLAZS:TIED

*Analysis of metal given in Table IX.
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et ™ e NEL ey
Values {a ppa '

.. ; "t -

,mwua-n g 9 M= M Al gt K gu e
v.60 - from 1 8 <O. : ?
m. ren 2‘."{:" 7- 8 0.8 ¢6 120 - 100 ¢B 850 (47 7 7
aole Pu. 1 g 13
0.16 g Ca on top. Li-
ner temp. 4Y00¢

5708 7.48 . <4 Q4 - 118 108 20 74 (& -—- T 55 7B
5706  7.09 . <8 (0.5 <& 115 (100 14 235 5 30 <47 323 80
5710 7.30 . <3 ¢0.3 --- 220 (100 50 300 1 --- 100 17 78
|, 578Y  7.94 . <4 <0.3 (8 95 Q100 13 300 86 400 (48 17 100
5728 8.00 - 4 9.2 —- 1356 (100 17 220 44 -—- <44 17 90
. 5786 8.06 from oxalate. (B 40.3 == 110 160 (25 235 20 --- (80 &5 -
| o.28 mole 1o/acle pu. | ..
lg Ig iﬁ € Ca on ' ‘ -
. top. Liner teap. 4'lo°c _ ‘
5987 8.07 " <6 0.24 1.7 105 (100 (8 280 95 --= (95 35 ou-
UNCL"S rlED
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TABLE X

Reduction of PuFy with ca
25 gram gcale

UNCL’

< 1ED

Well formed buttons.
Slight absorption of slag

No. Anount , Liner Yield
of g. metal Charge Refrac- Teap. %
Entry Runs in oharge (254 excess Ca) tory °¢c M8X. Min. Ave. Remarks
1 2 24.0-25.0 PurF, from 1000°% vitri- 460 97.6 97.1 97.4
oxide. 0.25 mole fied
Iz/molo Pu. Mgo by liners.
2 6 ] PuF, from 1000°¢C " 460  98.6 96.5 97.8 =
. oxide. 0.15 mole
Io/mole Pu. |
3 S* » » Mg0 460 98.7 97.7 98.0 =
fired
at 2100°%

*Analysis of metal given in Table XI.

N

UNCL
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TABLE II
Analytiocal Data on Pu from PuF,

28 gram Socale
values in 12

(0.5

‘0.4

0.4

O.4

Amount
Run g. metal
No. in charge Reduotion conditions L1 Be
5498 25,80 Puf, frox 1000°C ox- (3
1deY 0.25 mole Ip/
mole Pu. Liner temp.
460°¢.
5536 23,00 PuF, from 1000°C ox- (4
{de. 0.15 mols I,/
mole Pu. Liner tﬁmp.
4600¢.
, 5588 25.00 » b
' 5557  24.00 " (4

2100°%. Mgo liner.

)]

”s

(] L

120 110

{100 145

<100 Z100

<100 183

PR
S

PN saaimm

YN ey \\3‘
e M8 AL A X . »
9 26 43 == -—- 4 N
2 2100 71 ee= ~=— o= 68
7., 280 1l me= o= 7 10
51 156 77 eee oe= 4 1N

0]

APPROVED FOR PUBLI C RELEASE

If\' LEa

ol

CITIED




._°,-f1.,

No. Amount ?
ot g. metal
Runs in charge
5 130-160
é »
10 »
2 »
2 "

APPROVED FOR PUBLI C RELEASE

TABLE XIII

Reduction of puF, with Qa

Charge

(agg excess caj

0.2 mole Iz per
role Pu

0.3 mole 12 per
mole Pu

0.2 mole 12 per
mole Pu

0.5 mole I2 per
mole Pu

160 gram sotle

Yluoride
from:

900°% oxide

600°C oxide

oxalate

900% oxide

UN

vy

¢ Conversion

of pluoride
EEZ. EIE. ‘70

92.3

90.9

100.0
96.0

75.4

U

APPROVED FOR PUBLI C RELEASE

89.2 91.8
89.1 90.7 .
94.4 96.81
94.6 935.3
75.3 75.4

ﬂ—l:f\
v

L

A~

Aol

IED

n ""'"PJ
Nl A

SR~ 73
vield
99.11 07.38 985.33
98.82 97.938 98,56
98.96 98.3% $8.78
98.78 98.29 98.50
96.49 S2.44 o4.47



_l,r‘l_‘-

APPROVED FOR PUBLI C RELEASE

TABLE XIV

NCLTZSTIED

Reduotion of PuFy with ca
320_ and 500 gram Scales

No. Amount,
of g. motal Charge Fluoride
yotry Runs in charge {254 excess Ca) from:
1 2+ 250-320 0.2 mole I, per  900% oxide
mole Pu
2 6 hod 0.3 mole I, per o
mole Pu
S 39* " " 600°%C oxide
4 23 420-480 » ”

*Analysis of metal given in Table IXV.

L

% conversion

of pluoride
Max. ﬁin. Ave.

93.3
99.7

99.8

91.4

90.0

688.8

94.4

=

APPROVED FOR PUBLI C RELEASE

92.‘

91.2

95.8

96.7

UliCLASSIFIED

Sz T2
vYield
£
Wex.  MiB.  Ave.
98.91 98.70 98.80
968.90 98.73 98.95
99.50 97.90 98.97
99.41 98.10 99.00



Seale
g+ metal
sharge

160

160
160

160

£E

k
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TABLE XV

Analytical pata on Pu from pul,

Reduction Conditions

PuF, from 900°C oxide
0.2"mole I3/mole Pu

PaF, from oxalats.
0.8"mole Ig/mole Pu.

Pur, from 900°c oxide
0.8"mole Ig/mole Pu

PuF, froam 900°C oxide
0.5%01¢ Ig/mole Pu

Pup, from 600°C oxide
0.8 mole Ig/mole Pu

160 and 380 gram Soales

Yalues in ppm

Refrao-
tory
Liner i
M0 <2
OM="7
d (8
" a
" Ll
Mg <2
ar
» Ql
L I'4 b}
" { 1
“ {1
L

ke
(001

{0.2
20.1

(0.1
¢0.8

. €0.1

¢0.1
(0.1

0.1

B ).}
2.1 19
2.0 JEp—-
8.5 23
2.0 18
(0.5 bt
0.86 &
0.5 8
0.5 4
0.5 (7

UNCLASSIFIED
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950

920

- 70

1000

160

1000.

1000
1000

100

10
3

15

(.

25

/——‘7*1

rray s aatme-

1V wim cw e Y

<70

30

<40

Qa7

8

180
118

12
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